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INTRODUCTION 

 
 The U.S. Department of Energy (DOE), Office of Environmental Management, Division of Off-Site 
Programs conducted a remedial action project at the former Bridgeport Brass Specialty Metals Plant in Adrian, 
Michigan under the expedited protocol for remedial action at small sites from April 1995 to July 1995.  Expedited 
protocol is an efficient, cost-effective approach that streamlines the remedial action process at small sites.  The 
current site owner is the General Motors, Inland Fisher Guide Division (GM).  The work at the GM site was 
administered by the Formerly Utilized Sites Remedial Action Program (FUSRAP). 
 
 FUSRAP was created in 1974 by the U.S. Atomic Energy Commission (AEC) under the Atomic Energy 
Act of 1954, as amended.  It is an environmental restoration program that primarily addresses low levels of 
radioactive contamination on properties that are predominantly privately owned and have few if any institutional 
controls.  The objectives of FUSRAP as they apply to the GM site are to  
 

• identify and assess sites used for early Manhattan Engineer District (MED)/AEC nuclear work to determine 
whether further decontamination and/or control is needed; 
 

• decontaminate and/or apply controls to the sites, where needed, to permit conformance to current applicable 
guidelines; 
 

• dispose of and/or stabilize all generated radioactive waste residues in an environmentally acceptable manner; 
 

• accomplish work in accordance with appropriate landowner agreements and local and state environmental 
and land-use requirements to the extent required by federal law and applicable regulations, standards, 
policies, and procedures; 
 

• remove hazardous waste that is mingled or “mixed” with radioactively contaminated waste resulting from 
MED/AEC-related work, regardless of the hazardous characteristics; and 

 

• certify, at the completion of the remedial action, that the condition of the site complies with guidelines and 
that the release of the site without radiological restrictions is appropriate. 
 

Formerly administered by the U.S. Department of Energy (DOE), FUSRAP is now managed by the U.S. Army 
Corps of Engineers (USACE).  Bechtel National, Inc. (BNI) was the project management contractor (PMC) for 
FUSRAP activities at the GM site.  Thermo NUtech (TN) was the radiological support subcontractor (RSS) for 
analytical support and health physics technician support for activities at the GM site.  Science Applications 
International Corporation (SAIC), the environmental studies subcontractor, conducted the hazard assessment, 
and Oak Ridge National Laboratory (ORNL) was the independent verification contractor (IVC) for the site. 
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Environmental Regulations  Applicable to FUSRAP 
 
 To assess the environmental impacts of federal actions, Executive Order 11991 empowered the Council 
on Environmental Quality (CEQ) to issue regulations to federal agencies for implementing the procedural 
provisions of the National Environmental Policy Act (NEPA) that are mandatory under law.  In June 1979, CEQ 
issued regulations containing guidance and specific requirements.  DOE guidelines for implementing the NEPA 
process and satisfying the CEQ regulations were subsequently issued and became effective on March 28, 1980.  
These regulations were revised April 24, 1992 (57 FR 15122). 
 
 The NEPA process requires FUSRAP decision-makers to identify and assess the environmental 
consequences of proposed actions before beginning remedial action, developing disposal sites, or transporting and 
emplacing radioactive wastes.  For the remedial activities discussed in this certification docket, the NEPA 
requirements were satisfied by the preparation and approval of a categorical exclusion for the remedial action.  
The categorical exclusion document confirmed that there would be no adverse effects on the public or the 
environment from the planned remedial activities. 
 
 Remedial activities at the GM site were performed as part of FUSRAP in accordance with the protocols 
and procedures established by DOE.  Construction and service subcontractors and other project subcontractors 
are governed by the provisions of the quality assurance program developed for the project and are in compliance 
with DOE Order 5700.6C.  The effectiveness of the quality assurance program is assessed regularly by the BNI 
quality assurance organization. 

 
Property Identification 
 
 The GM site consisted of a major automotive parts manufacturing facility.  The total interior area 
requiring remedial action was approximately 3,800 m2 (41,000 ft2); an outdoor area measuring approximately 0.9 
m2  (3 ft2) southeast of the main building also required remediation. 
 
 A removal action was conducted at the site from April to July 1995.  Post-remedial action surveys and 
samples demonstrated, and DOE certified, that the locations remediated are in compliance with the cleanup 
criteria for this site and supplemental limits from the hazard assessment conducted for the site.  A notice of 
certification of the radiological condition of the site was published in the Federal Register on January 29, 1997. 

 
Docket Contents  
 
 The purpose of this docket is to document that the radioactively contaminated areas at the GM site were 
successfully remediated in 1995.  The material in this docket consists of documents supporting certification that 
conditions at the subject property are in compliance with the criteria and standards determined to be applicable.  
Furthermore, this certification docket provides the documents certifying that the future use of the property will 
not result in any significant hazard or radiation dose to the general public  
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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 GM site.  The exhibit 
provides a brief history of the origin of the contamination, the radiological characterization activities conducted, 
the remedial action performed, hazard assessment conducted, post-remedial action survey and soil sample 
results, and independent verification activities.  Cost information from all phases of the remedial actions 
conducted at the site is also included in Exhibit I.  Appendix A of Exhibit I contains the DOE guidelines for 
residual radioactive materials at FUSRAP sites.   
 
 Exhibit II consists of the letters, memorandums, and reports that were produced to document 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.  Documents that are brief are included in Exhibit II.  Lengthy 
documents are referenced in the exhibit and are provided as an attachment to the certification docket available at 
the Adrian, Michigan, Public Library; the DOE Public Reading Room in Washington, D.C.; and the DOE Public 
Document Room in Oak Ridge, Tennessee. 
 
 Exhibit III provides diagrams of the site identifying the areas of contamination that were remediated 
during cleanup activities. 
 
 The certification docket and associated references will be available at the Adrian Public Library, 143 
East Maumee Street in Adrian, Michigan. 
 

 
 



 

EXHIBIT  I 
SUMMARY OF REMEDIAL ACTION 
AT THE GENERAL MOTORS SITE 

IN ADRIAN, MICHIGAN 
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1.0  INTRODUCTION 

 
 This exhibit summarizes the activities culminating in the certification that radiological conditions at the 
General Motors (GM) site in Adrian, Michigan, formerly the Bridgeport Brass Special Metals Extrusion Plant, 
are in compliance with applicable guidelines.  Standards and criteria governing the release of properties for 
radiologically unrestricted future use are included in U.S. Department of Energy (DOE) Order 5400.5, 
“Radiation Protection of the Public and Environment,” and are comparable to those currently used by the U.S. 
Environmental Protection Agency (EPA) and the U.S. Nuclear Regulatory Commission (NRC).  These activities 
were conducted under the Formerly Utilized Sites Remedial Action Program (FUSRAP) (Ref. 1), formerly 
administered by DOE and currently managed by the U.S. Army Corps of Engineers (USACE).  This summary 
includes a discussion of remedial action at the site, including 
 

• characterization of the chemical and radiological status of the site, 

• designation of the property as requiring remedial action, 

• performance of the remedial action, and 

• verification that the radioactivity above the guideline has been removed. 
 
Further details on each activity described in this exhibit are included in the referenced documents. 
 

2.0  SITE HISTORY 

 
 During the 1950s, the Bridgeport Brass Company operated a Special Metals Extrusion Plant at the GM 
site in Adrian, Michigan, under contract AT-(30-1)-1405 with the U.S. Atomic Energy Commission (AEC).  The 
plant was operated to extrude uranium metal, which was used in the fabrication of reactor fuel elements for the 
Hanford, Washington, and Savannah River, South Carolina, reactors. 
 
 At the completion of work by the Bridgeport Brass Company, one large extrusion press was shipped to 
Reactive Metals, Inc., in Ashtabula, Ohio, and put into operation there.  All other equipment was dismantled and 
scrapped; its final disposition is unknown.  The Adrian, Michigan, plant was eventually sold to Martin Marietta in 
the early 1960s and then to GM, Inland Fisher Guide Division, in 1974.  No records exist from about 1961 until 
1976 to document residual radioactive contamination levels on the floor, walls, fixtures, and structural members 
of the building or the interim decontamination efforts performed.  However, in subsequent surveys residual 
uranium contamination in excess of applicable standards was found, and further cleanup of the site was 
determined to be warranted. 

 
3.0   SITE DESCRIPTION 

 
 The GM site is located in Lenawee County near Adrian, Michigan, on the eastern side of Route 52.  The 
town of Adrian is approximately 48 km (30 mi) northwest of Toledo, Ohio, and 32 km (20 mi) southwest of Ann 
Arbor, Michigan (Figure I-1).   
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 The GM plant is a large complex covering approximately 7 ha (17 acres); only a portion of this area was 
used for the uranium extrusion operations (see Figure I-2).  The former uranium extrusion process area that 
required remedial action is approximately 3,800 m2 (41,000 ft2) with a ceiling height that varies from 14 to 17 m 
(45 to 55 ft).  Lighting is provided by several rows of fluorescent fixtures and by sunlight through windows in two 
10-ft-high (30-m-high) “monitors” (raised sections of the roof that contain rows of windows).  The large open 
areas of this structure are afforded by a massive steel framework.  Supported from this frame are crane rails, 
roofing, electrical conduits, water pipes, space heaters, and exhaust ducts. 
 
 The floor drain system shown in Figure I-3 was designated for remedial action at the GM site because 
residual radioactivity exceeded the guidelines of DOE Order 5400.5.  The system contains sumps, electrical 
manholes, a pipe chase, piping from 3.0 cm (1 in.) to 20.3 cm (8 in.) outer diameter, and electrical conduit in the 
electrical manholes ranging from 3.8 cm (1.5 in.) to 10.2 cm (4.0 in.) outer diameter. 

 
4.0  RADIOLOGICAL HISTORY AND STATUS 

 
 The following sections describe the sequence of events that led to the designation of the property for 
remedial action under FUSRAP, the radiological guidelines used during the remedial action, and the post-remedial 
action status. 
 

4.1  RADIOLOGICAL SURVEYS 
 
 In May 1976, a report from the General Accounting Office recommended that the U.S. Energy 
Research and Development Administration (ERDA) expedite completion of radiological surveys at numerous 
sites throughout the United States, including the GM property in Adrian, Michigan.  In response, GM performed 
an in-house survey of the plant building to determine the need for decontamination activities.  Residual uranium 
contamination exceeding the levels permitted by the NRC and ERDA was found in many places at the site, 
especially on elevated horizontal surfaces and fixtures and in floor cracks.  Equipment stored in these areas was 
removed, and contaminated areas were decontaminated by GM.  Several exhaust ducts in the extrusion and 
cutting operations areas were found to be contaminated with uranium-238.  Concentrations of radioactive 

materials are typically reported as above-background levels.  Levels of uranium-238 were 1.10 × 104 to 

2.50 × 104 pCi/g in dust and scale buildup inside the duct); these ducts were subsequently removed and sent for 
disposal to an offsite location.  Results from a follow-up survey performed by GM indicated that the areas 
surveyed were within the NRC (and ERDA) guidelines.  GM then solicited ERDA to perform a survey to verify 
that the building met current NRC and ERDA guidelines for release of the property for radiologically unrestricted 
use.  In response, ERDA sent a team from Oak Ridge National Laboratory (ORNL) to inspect the facility, make 
investigative measurements, and conduct a survey if one was warranted. 
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 ORNL conducted the survey in 1977.  The surveys included measurements of (1) residual uranium 
contamination on building surfaces, (2) external gamma exposure rates, (3) airborne radioactivity (radionuclides 
in high-volume air samples), (4) uranium in water, sediments, and sludge in underground sumps and drains, and 
(5) uranium-238, radium-226, and thorium-232 in samples of soil from onsite locations.  All areas of the floor and 
overhead structural members were found to be within NRC and ERDA guidelines for radioactive contamination.  
However, some areas underneath the floor (service pits, manholes, holding tanks, drainlines, and sumps, as 
shown in Figure I-4) were found to contain concentrations of uranium exceeding guidelines (Ref. 2).  These 
service pits were filled with sand and covered with concrete to form the current floor surface.  This survey also 
included taking smear samples from surfaces and samples of sediment from manholes and tanks.  The maximum 
concentration of uranium-238, 21,000 pCi/g, was found in sludge in the bottom of the 107-cm (42-in.) sump drain 
line that collects liquid from floor drains in the former uranium extrusion area (Ref. 2).  Concentrations of 
uranium ranged from 20 to 40 pCi/L in oil and from 110 to 350 pCi/g in the scale collected near the top of the 
sump.  An oily sample from the bottom of a drain line in the eastern section of the extrusion area contained 
uranium-238 concentrations of 4,100 pCi/L.  Oily liquid from sump 3 located in the area of the north loading dock 
contained 9,700 pCi/L of uranium-238.  Samples collected from an underground storm drain contained uranium 
concentrations ranging from 5 to 1,800 pCi/L in water and from 0.1 to 1,500 pCi/g in sludge and sediment.  
Therefore, remedial action was deemed necessary for the former uranium extrusion area drainage and oil 
collection system at the GM site. 
 
 In 1985, GM installed the currently used manufacturing equipment (extrusion presses, etc.) in the former 
extrusion area.  During construction, a tile drain line was excavated and found to be radioactively contaminated.  
The portion of the drain line directly under the manufacturing area was removed, placed in four 208-L (55-gal) 
drums, and shipped to a DOE facility in Oak Ridge, Tennessee, for disposal (Ref. 2). 
 
 A team of FUSRAP representatives (including DOE, BNI, and SAIC) visited the plant on June 23-24, 
1994, to obtain information regarding the location, extent, and current condition of the manholes, sumps, and 
drainage system and to conduct radiological investigative surveys for validation of the ORNL data (Ref. 2). 
 
 Minimal documentation or evidence was obtained during the June site visit on the extent of the 
interconnections of the manholes, sumps, and drain lines.  Observation and surveying of the manholes and sumps 
were hindered by the presence of an oily liquid.  The radiological survey results from the site visit showed that 
the manholes, sumps, pipe chase, and the associated piping were contaminated, and survey results were 
consistent with data presented in the 1982 ORNL report. 

 
4.2  REMEDIAL ACTION GUIDELINES 
 
 The source of contamination at the GM site was the machining of natural (neither depleted or enriched) 
uranium slugs from processed uranium metal.  Standards and criteria governing the release of properties for 
radiologically unrestricted future use are based on DOE Order 5400.5 (Table I-1), 
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Table I-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 (DOE Order 5400.5).  In implementing this limit, DOE applied as-low-as-
reasonably-achievable (ALARA) principles to set site-specific guidelines. 

 

Site Specific Soil Guidelines 
 
 The site-specific criterion for soil is 35 pCi/g for total uranium (Ref. 3). 
 

Site Specific Liquid Criterion 
 
 The site-specific criterion for oil/water solutions is 300 pCi/L for total uranium (10 CFR 20). 
 

Indoor/Outdoor Structure Surface Contamination 
 
 The residual contamination guidelines for fixed and transferable radioactive contamination (dpm/100 cm2) 

(DOE 5400.5): 
 
 Radionuclide    Average         Maximum  Removable  
 Uranium-natural,    5,000 (alpha)          15,000 (alpha) 1,000 (alpha) 
 uranium-235, uranium-238, 
 and associated decay products 
 
 Beta/gamma emitters         5,000          15,000      1,000 
 (radionuclides with decay  (beta/gamma)     (beta/gamma) (beta/gamma) 
 modes other than alpha  
 emissions) 
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“Radiation Protection of the Public and Environment,” and are comparable to those currently used by EPA and 
NRC.  The remedial action guidelines for alpha activity from natural uranium, uranium-235, uranium-238, and 
associated decay products on indoor and outdoor structure surfaces are 5,000 disintegrations per minute per 
100 square centimeters (dpm/100 cm2 ) averaged over a remediated area of 100 m2; 15,000 dpm/100 cm2 

(maximum), and 1,000 dpm/100 cm2 (removable).  The site-specific criterion for residual radioactive material in 
exterior soil removed is 35 pCi/g for total uranium averaged over the remediated area (Ref. 3). 
 
 Because only trace concentrations of radium and thorium exist in uranium metal after processing, only 
extremely low concentrations of these two radionuclides were detected in characterization samples.  Only the 
uranium isotopes contributed significantly to the radioactive contamination at the site. 
 
 Oil and asbestos were the only non-radioactive hazardous constituents mingled with residual uranium 
materials at concentrations requiring remedial action.  All oil and asbestos-containing materials (ACM) with 
residual radioactive substances were removed from the site, solidified, and stabilized, respectively, and 
transported for disposal at Envirocare of Utah. 
 
 The site-specific criterion used at the site for the oil and water, or liquid waste, containing uranium was 
300 pCi/L total uranium.  This site-specific concentration was established based on the derived concentration 
guide (DCG) of 600 pCi/L total uranium for discharges of wastewater containing uranium from facilities to 
surface waters and the NRC concentration limit of 300 pCi/L for natural uranium in liquid effluent discharges to 
unrestricted areas (10 CFR 20) (Ref. 4).  Using the ALARA principle, DOE selected the more restrictive NRC 
value for use at this site. 

 
4.3  POST-REMEDIAL ACTION STATUS 
 
 The post-remedial action survey data indicated that all areas of the GM site determined to be 
contaminated during characterization surveys are now in compliance with applicable guidelines for cleanup of 
residual radioactive contamination.  Considering a review of post-remedial action measurements, hazard 
assessment calculations, survey procedures, and quality assurance data, the IVC confirmed that the site was 
decontaminated to the radiological guidelines established for the site, below the DOE guidelines. 
 
 After completing verification activities, the IVC notified DOE, 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 DOE decontamination criteria and standards to protect health, safety, and 
the environment. 
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5.0  SUMMARY OF REMEDIAL ACTION 
 
 The following sections describe the remedial action process, actions taken to protect the public and 
environment, post-remedial action measurements, the verification process, waste management, and costs 
associated with the release of the property for future use. 

 
5.1  PRE-REMEDIAL ACTION ACTIVITIES 
 
 After the appropriate real estate instruments were obtained from the property owners to gain access to 
the property, but before remedial action began, the contaminated areas were resurveyed.  These surveys were 
performed  to more accurately define the boundaries of radioactive contamination above DOE guidelines, to 
supplement existing characterization information, and to obtain the information necessary to classify the waste to 
be removed during remediation.  In addition, areas that were inaccessible (e.g., plugged and/or buried drainpipes) 
were surveyed as they became accessible during remedial action. 

 
5.2  DECONTAMINATION ACTIVITIES 
 
 During the characterization sampling and surveys at the GM site, concentrations of uranium exceeding 
the current guidelines were determined to exist in oil, scale, and sludge contained within the pipe chase and oil 
collection system (including sumps, manholes, and drains) near the area formerly used for uranium metal 
extrusion operations.  All water, oil, sludge, and scale were removed from the sumps and manholes as well as the 
associated piping to the extent practicable using a high-pressure water wash.  Some materials with contamination 
that exceeded the guidelines but was lower than the basic dose limit were left in place in the piping system 
because of the high costs of complete remediation and the economic impact that would result from shutting down 
the GM plant to accomplish the remedial action.  A hazard assessment (Ref. 4) concluded that the application of 
supplemental limits to material left in the piping system would not result in a member of the general public 
receiving a dose above the DOE primary dose limit of 100 mrem/yr. 
 
 To obtain data for the hazard assessment, an innovative technology was applied that deployed a detector 
using an inverted membrane.  The Pipe Explorer™ technology was developed and implemented by the Science 
and Engineering Associates, Inc. (SEA) group in conjunction with members of DOE, BNI, and TN.  A 
significant savings was realized because of the nondestructive survey methods of the system; no excavation of 
material was necessary to gain access to the drainage system, and the drainage system could be left in place 
while measurements were obtained.  Appendix I-B contains a detailed description of the technology and its use 
at the site. 
 
 The components remediated at the GM site were the pipe chase, electrical manholes (M1, M2, M15, 
M16, M25), sump 3, oil trap, a 107-cm (42-in.) sump, and all the accessible associated piping within
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each system (Figure I-4).  All sumps and manholes contained an oil/water liquid mix and sludge material that first 
had to be removed before the decontamination process could be started.   
 
 All the oil/water and sludge were removed by pumping the liquids into lined drums; the liquid and sludge 
were then separated and transferred to storage tanks outside the building (Figure I-2).  The liquids were sampled 
as they were removed and containerized to determine the appropriate treatment and disposal strategies and to 
measure the uranium concentrations within the sumps and manholes.  After the oil/water and sludge had been 
removed, the trash in the pipe chase, sumps, and manholes was removed to facilitate removal of the scale and 
decontamination of the walls and floors (Figure I-5).  This debris was wiped to remove the oil and scale and was 
containerized separately for shipment as low-level radioactive waste (LLRW).  Before shipment to the 
commercial disposal facility, the oil and sludge were removed from the storage tanks, placed in lined drums, and 
solidified to meet disposal facility requirements and land disposal restrictions.  The water was filtered and 
disposed of by a local water treatment/processing facility designed specifically for managing waste waters of 
various types.  The oil/sludge mixture was solidified with cement, rendering the resultant waste non-hazardous.  
The mixture is thus considered LLRW.  
 
 The contaminated inactive lines within the contaminated portion of the pipe chase were cut and wiped to 
remove the oily film.  The decontamination materials were disposed of as LLRW.  These pipes varied in size 
from 2.6 to 20.8 cm (1 to 8 in.) outer diameter.  About 30 percent of the pipe hangers and brackets were cleaned 
and were left in place.  Pipe supports were decontaminated and abandoned in place for future use. 
 
 The walls and floors of each sump were decontaminated by using a 3,000-psi and a 10,000-psi high-
pressure water wash system and wiping with rags.  The piping was decontaminated to the extent possible, 
surveyed, and then plugged and filled with flowable concrete. 
 
 Manholes and sumps involved in the remedial action were electrical manholes M1, M15, and sump 3 
with the associated oil trap (Figures I-4, I-6, I-8, and I-9), and the 107-cm (42-in.) sump (Figures I-3 and I-7).  
The manholes were constructed of concrete with drain inlets/outlets and typical duct banks.  Some of the cables 
in the duct banks were insulated with thermal system insulation (TSI), which included ACM.  Before oil removal, 
the TSI was encapsulated with an inert fixative spray to prevent the spread of the material into the liquid and 
prevent unnecessary personnel exposure.  The TSI was then removed from the duct bank entrance, bagged, 
packaged in accordance with 49 CFR 173.1050 and U.S. Occupational Safety and Health Administration 
(OSHA) regulations in 29 CFR 1926.1101, and shipped for disposal as LLRW at the commercial disposal facility.  
The inactive cables were abandoned and left in place.  All asbestos work was performed in accordance with 
applicable OSHA and State of Michigan health standards to prevent exposure to the ACM.  After all the 
oil/water, sludge, and ACM had been removed, the decontamination efforts were completed, and all manholes 
were filled with flowable concrete or controlled low-strength material (CLSM) up to the cover plate level.  The 
cover plates were embedded in the concrete or CLSM and welded shut. 
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 For sump 3 (Figure I-8) and the oil trap (Figure I-9), shoring was used to reinforce the brick wall in the 
top portion.  The oil/water was pumped out; sump pumps, the ladder, and electrical items were removed from the 
sump; and access was gained to the oil trap.  The oil trap was decontaminated and filled with CLSM.  Sump 3 
was filled with a combination of CLSM [from the bottom to the top 1.2 m (4 ft)] and flowable concrete [top 1.2 
m (4 ft)].  A detailed description of the piping system post-remedial action status is presented in Table I-2. 
 
 One isolated exterior area of contaminated soil, suspected of being a former disposal or experimental 
area, was present 38.7 m (129 ft) southeast of the main GM building (Figure I-2).  This soil was excavated from 
an area of 0.27 m2 (3 ft2) to a depth of 0.6 m (2 ft).  Post-remedial action soil samples were then collected from 
the excavation to verify that the uranium-238 concentration was well below soil guidelines.  Results from this 
sampling showed that the post-remedial action level of uranium-238 was 5 pCi/g total uranium, which is well 
below the site-specific cleanup limit of 35 pCi/g. 
 
 A hazard assessment (Ref. 5) was conducted on the remaining components of the discharge system 
manholes (M2, M16, and M25) and piping systems.  Because these areas were either filled by GM after its 
purchase of the building in 1974 (M16) or rendered inaccessible (M2 and M25) by placement of heavy 
machinery or switchgear, attempts to gain normal access would be extremely expensive.  The unfilled manholes, 
M2 and M25, were filled with flowable concrete via their duct banks from other manholes. 
 
 The hazard assessment (Ref. 5) evaluated the use of supplemental limits, with current concentrations as 
inputs, to estimate potential exposures under current and future use.  The hazard assessment was designed to 
evaluate doses to workers and the public from the residual contamination and to assess whether additional 
remediation was warranted based on costs of further reductions in dose and current and future land uses. 
 
 The results of the hazard assessment showed that supplemental limits, as described in DOE Order 5400.5, 
were warranted for the GM site, so the existing residual uranium concentrations were approved as supplemental 
limits.  Leaving the residual uranium in place for these limited areas will not pose a significant potential future 
risk, and the cost of removal is very high relative to the long-term benefits that would result. 
 
 During the 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 in excess of 
applicable standards.  These controls are outlined in the safety and health instructions for the GM site. 
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Table I-2 
Post-Remedial Action Status of the Piping System 

at the General Motors Site 
  

 As-Built 
Component   Length Status 
 m (ft)  
 
Drainline: 
 A 37 (120)  Filled 
 B 37 (120)  Plugged at pipe chase 
 C 61 (200)  Partially filled 
 E 52 (170)  Plugged at pipe chase 
 D 56 (185)  Plugged at pipe chase 
 F   9 (30)  Plugged at M25 
 G 44 (145)  Plugged at M1 
 H 14 (45)  Filled 
 I 18 (60)  Filled 
  
 
Note:  See Figure I-3. 
 
Component  Status  
 
Sump 3/oil trap: Backfilled with CLSM.  Top 4 ft with concrete. 
42-in. sump:  Backfilled with CLSM. 
Pipe Chase:  Decontaminated to surface release criteria. 
 M1: Backfilled to top with CLSM. 
 M2: Backfilled to 4 ft from top with CLSM. Backfilled  
  with concrete to the top. 
 M15: Backfilled to top with CLSM. 
 M16: Previously filled by GM. 
 M25: Backfilled to top with CLSM. 
  
 
Note:  Density of CLSM = 110 lb/ft3 (1.76 g/cm3) 
    Concrete = 150 lb/ft3 (2.40 g/cm3) 
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5.3  POST-REMEDIAL ACTION MEASUREMENTS 
 
 Post-remedial action surveys performed by and for the remediation contractor are designed to permit an 
evaluation of the current radiological status of the property and to allow comparison with guidelines for the 
release of decontaminated property for radiologically unrestricted future use.  Differences in measurement 
protocol among sites are generally attributable to the type of material handled and the physical form of the 
contaminants.  The measurements listed in this section are those needed to provide an adequate survey of the 
GM site. 
 
 To determine the levels of uranium contamination on surfaces after decontamination, the following 
surfaces were monitored: walls and floors of sump 3 (Figure I-10); the oil trap associated with sump 3 
(Figure I-11); the 42-in. sump; manholes M1 and M15 (Figure I-12); piping associated with the remediated 
systems; and the exterior area located southeast of the building. 
 
 Direct surface contamination is the total amount of radioactive contamination on a surface, including both 
removable and permanently fixed contamination.  To quantify direct surface contamination, radiation detection 
instrumentation is placed about 1.3 cm (0.5 in.) above the surface to measure the radioactivity emitted from a 
known surface area.  Direct alpha radiation is measured with an alpha scintillation detector connected to a 
scaler, an instrument that counts the number of radioactive disintegrations (decays) detected in a specified 
amount of time.  Direct beta/gamma radiation measurements are obtained with a Geiger-Mueller probe attached 
to a scaler.  The probe is placed about 1.3 cm (0.5 in.) above the surface to be surveyed, and pulses are allowed 
to accumulate for one minute on the scaler, resulting in a measurement of counts per minute (cpm) for the 
surface area.  These measurements are then converted, with appropriate calibration and conversion factors, to 
dpm/100 cm2, a common unit of measurement in health physics. 
 
 Transferable contamination is the loose radioactive material that can be removed from a surface when it 
is “swiped” or “smeared” with a soft absorbent paper smear.  The smear is placed in a portable smear counter, 
and alpha and beta/gamma radiation are each counted for one minute.  The resulting measurements in cpm are 
then readily converted to dpm/100 cm2. 
 
 TN provided the analytical functions and health physics services as required to support the remedial 
action.  ORNL performed independent verification surveys of the remediated areas using similar survey 
techniques.  The ORNL survey data and conclusions will be issued as a separate report.  When remedial action 
was completed, the property was restored to a condition agreed upon by DOE and the property owner.  Sumps 
and manholes were backfilled and cover plates welded shut, and all associated piping was plugged or filled.  
 
 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 
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clothing and equipment such as hoods and respirators were required, as specified in the safety and health 
instructions. 
 
 Workers exiting radioactively contaminated work areas were subjected to a whole -body scan (frisked) at 
the control point by a health physics technician with a hand-held radiation detection instrument to ensure that 
their protective clothing was not contaminated and to prevent the spread of contamination to clean areas.  A frisk 
is simply a search for radioactive material that may have rubbed off onto the clothing of individuals inside the 
work area.  The hand-held radiation detection instrument is held approximately 2.6 cm (1.0 in.) away from the 
area to be “frisked” and moved slowly [5.2 cm (2 in.) per second] to scan the portion of the body or clothing 
being monitored.  Boots and hands were resurveyed after personnel removed their personal protective equipment 
(PPE) to ensure that no material was transferred to the individual’s personal clothing or skin.  Contaminated PPE 
was sent to Envirocare for disposal as LLRW. 
 
 The total exposure to the general public and the work force was minimized by using nondestructive 
methods of surveying the piping systems and components.  An SEA Pipe Explorer™ was used to obtain 
radioactivity (survey) information on 5.2-cm (2.0-in.) drain lines and electrical duct bank conduits connecting the 
electrical manholes and sump 3 without using intrusive methods of conventional remedial actions (i.e., excavation, 
pipe cutting).  The Pipe Explorer™ used a pneumatically deployed inverted membrane to send the detector 
through the system at a constant rate while obtaining real-time data.  Therefore, the operator could remain 
outside the system and obtain the radiological results for the pipe.  The only contaminated material resulting from 
the operation was approximately 0.003 m3 (0.004 yd3) of plastic membrane (Appendix I-B). 
 
 All removable residual radioactive material above the current guideline was removed from the GM site 
and properly disposed of at Envirocare of Utah.  Post-remedial action direct surface contamination 
measurements (Tables I-3 and I-4) were used to verify that the residual radioactive material had been reduced to 
levels within authorized limits or supplemental limits as indicated by the hazard assessment (Ref. 5).  Additional 
details on the methods and procedures of sampling and surveying are provided in the post-remedial action report 
for the site (Ref. 6). 

 
5.4  VERIFICATION ACTIVITIES 
 
 After remedial action activities were completed, the IVC conducted a survey and obtained soil samples 
to verify that the site was remediated to levels below applicable guidelines.  The objective of the independent 
verification survey was to confirm that surveys, sampling, and analysis conducted during the remedial action 
process provided an accurate and complete description of the radiological status of the property. 
 
 The IVC’s activities included reviewing the published radiological survey reports and the post-remedial 
action report, visually inspecting the site, and performing radiological survey and sampling 
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activities.  The surveys were conducted in accordance with approved verification and certification protocol (Ref. 
7).  Upon completion of the verification activities, the IVC prepared a verification report and submitted it to DOE 
(Ref. 8). 
 

5.5  PUBLIC AND OCCUPATIONAL EXPOSURES 
 
 During the 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 in excess of 
applicable standards.  These controls are outlined in the safety and health 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 
equipment such as hoods and respirators were required, as specified in the health and safety instructions. 

 
 Perimeter air particulate sampling was performed adjacent to areas being remediated to document that 
no airborne particulate matter with levels of radioactivity exceeding current guidelines (DOE Order 5400.5) was 
released from the site.  The DCG limits in DOE Order 5400.5 represent concentrations of radionuclides that 
would yield an effective dose equivalent of 100 mrem/yr, the basic dose limit, to an individual continuously 
exposed to the radionuclide by inhalation for an entire year.  This guideline was established to protect the general 
public and the environment against undue risk from radiation.  High-volume air samplers were used to collect air 
samples to determine the air particulate concentration.  The samples were accumulated daily and counted after 
sufficient time was allowed for radon progeny decay. Concentrations of uranium-238 measured by area 

particulate air samplers ranged from background [3.7 × 10-13 µCi/mL (0.00037 pCi/L)] to 7.8 × 10-13 µCi/mL 

(0.00078 pCi/L).  The DCG is 2.0 × 10 12 µCi/mL (0.0020 pCi/L) for uranium-238 (2.5 times larger than the 
activity detected at the site). 
 

5.6  WASTE MANAGEMENT 
 
 The decontamination of the General Motors site was conducted in a manner that minimized the total 
waste volume while expediting the remedial action.  The waste volume and waste streams from the General 
Motors site are listed in Table I-5.  None of the excavated material was used as fill material; all of it was 
disposed of as LLRW.  The quantity of waste material was minimized by using a Pipe Explorer™ during pipe 
surveys and using a local water treatment and processing facility for the accumulated water instead of adding an 
absorbent material and increasing the volume to be shipped as LLRW for disposal at Envirocare of Utah. 
 
The SEA Pipe Explorer™ significantly minimized waste by reducing investigation-derived waste (including PPE 

and decontamination and other materials) and reducing the volume of waste generated to 
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Table I-5 
REMEDIAL ACTION SUMMARY 

 
 
WBS  141      REMEDIATION AUTHORITY 
  
SITE  Bridgeport Brass Company Special Metals     NEPA/CERCLA 
  Extrusion Plant site      SUPERFUND 
          RCRA 
OWNER General Motors Corporation 
 
SITE ADDRESS 1450 Beecher Street 
 
CITY, STATE Adrian, Michigan 
 

ACTION DATE RESPONSIBLE 
ENTITY 

DOCUMENT 

DESIGNATION 07-21-88 DOE Designation/Authorization Report 

CHARACTERIZATION 04-01-82 ORNL Results of Radiological Survey at the Former 
Bridgeport Brass Company Special Metals Extrusion 
Plant Site in Adrian, Michigan. 

FINAL RA 4/95-7/95 DOE / ORNL / 
BNI 

Post-Remedial Action Report for the General 
Motors Site in Adrian, Michigan. 

 
TOTAL VOLUME     174 yd3  
 To Remain In Situ       0         Documentation Used:  Waste shipping record,  
 Volume Reduction       0                   CCN 133298.  
 Net Disposal     174 yd3 
 
TYPE OF WASTE FOR NET DISPOSAL: 
REGULATORY     VOLUME  DISPOSAL SITE 

 LLRW (solidified sludges and oils)   174 yd3   Envirocare, Clive, Utah  
 11(E)2      _______     
 MIXED __________________   _______     
 CHEMICAL _______________   _______     

PHYSICAL 
 BUILDING RUBBLE   ___________     
 SOIL     ___________     
 LIQUID (non-regulated)   6,150 gal water  Environmental Waste Control, Monroe, 

         Michigan 
 OTHER                                         ___________     

 
TREATMENT TECHNOLOGIES APPLIED AT THE SITE: 
  Macroencapsulation and stabilization.    
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gain access to the piping systems by conventional methods (i.e., excavating to the pipe for surveys and removal). 
 
 Use of the Pipe Explorer™ allowed for a hazard assessment encompassing the entire site (most 
uranium-containing material was found in the piping systems), which significantly reduced the total volume 
removed from the site and the costs associated with the removal action. 
 

5.7  COSTS 
 
 The final cost associated with the remedial action performed at the General Motors site was 
approximately $1.8 million; itemized costs are presented in Table I-6. 
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Table I-6 

GENERAL MOTORS SITE  
TOTAL REMEDIAL ACTION COSTS 

 

Description Cost 
Design Engineering $     64,000 
Remedial Action Operations 1,102,000 
Waste Transport and Disposal 168,000 
Final Engineering Reports 42,000 
Project Support 425,000 

Total $1,801,000 
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DOE ORDER 5400.5, CHAPTER IV 
RESIDUAL RADIOACTIVE MATERIAL











































 

EXHIBIT II 
DOCUMENTS SUPPORTING THE CERTIFICATION 

OF REMEDIAL ACTION PERFORMED AT THE GENERAL MOTORS SITE 
IN ADRIAN, MICHIGAN 

 







































































































Ta G. L, Palau 

Icrbjcrct Scoping Notice: General 
Motors Site, Adrian, 
Michigan 

cr.pce* to T. E. Morris 
G. R. Galen s 
J. 5. Allison 

SCOPING NOTICE 

File No. 7440/141 

Dstc! March 29, 1995 

From D. D. Sexton t3PS 

Of ES&H 

At Oak Ridge Ext. 4-3643 

INTRODUCTION 

The pur-pout of this Scoping Notice is to formalize the identification 
r2nd application of federal and state rules and regulations tha‘t may 
supply to the cleanup of the former Bridgeport Brass "Company Special 
Mctnla Extrusion Plant, hereafter referred to as the General Motors 
ICM) site, located in Adrian, Michigan. 
evaluation is based on 

This environmental compliance 

of the site, 
information contained in the Radiological Surve; 

which provides the nature and'extent of radiological 
contamination, and upon verbal information received from the FUSRAP 
Engineering and Technology Group. The environmental services 
muhcantra~tor has not yet provided the Missouri/Ohio Team with a copy 
of the characterization data r-sport for- GM. This Scoping Notice 
rsz*/zcws \/;irious environment33 regulations. However, neither OSHA nor 
I"9T recJ1.I 1 at lolls are within the scope of this review since such 
i't7cju l,lt Lens cafe the pr imar-:; rsesponsibility of Safety and Health and 
Wtlnrc Management ctnd TL+3atrreilt Zapartments, respectively. 

REGULATORY FRAMEWORK 

b&&$&#,ed Observational Approach 

Cleallup of tt1ts &!neral Mot.ors site will utilize the draft DOE Modified 
Qbne~,1tLo!1~11 Apprrsach iML'A! its described in CCN 118781, dated July 27, 
13QQ1 , 'I'he MO$, Prttocol 1s still pending final approval by DOE-FSRD. 
'I'hc M@$, i&3 con expedired metl~od of remediating DOE sites utilizing DOE': 
.tutI>0City I~T~CL" the Atomic Energy Act of 1954, and subsequent related 
htJislmi tun, The MOtl Protocol is similar to the Expedited Protocol, 
~*xctSpt it: wan mudificci to address more complicated NEPA-only sites tha: 
t\~y riot bc rcmcdi‘ltccd itnmcdintely after designation. 
ti I f t: 9 rct1cc ~3ct:wcr:!II 

The major 
t t1c 

corztt-actsr in no Iungw 
two alternatives is that the designation 

responsible for determining the boundaries or 
~xrr?nt of cc;~tcwination because jf the more complex surveys needed. A: 
\;t~+ I?MC, hact~ci Natian;\l # WC., will define the extent of 



contamination and perform design engineering and remedial action at th, 
GM site. 

The Comprehensive Environmental Response, Compensation and Liability 
Act (CERCLA) 

Since the GM site is not being remediated under CERCLA authority the 
Section 121(e) (1)' exemption from permitting for on-site activities, is 
not available. Bechtel will procure all required permits, to ensure 
that work activities are in compliance with all local, state, and 
federal requirements that necessitate a permit and or notification. 

National Environmental Policv Act (NEPA) 

NEPA, as implemented by Executive Orders 11514 and 11991, establishes 
national policies and goals for the protection of the environment. 
Section 102(2) of NEPA contains provisions which direct federal 
agencies to give appropriate consideratisn to the environmental effect: 
cf their decision making and to prepare appropriate doc:lmentation. 
Appropriate NEPA documentation may include the preparation of either a 
Environmental Impact Statement (EIS), Environmental Assessment (EA), 01 
a Categorical Exclusion (CX) depending upon the potential significance 
of the activities' impact upon the environment. 

Since activities at GM will not have an individual or cumulative 
significant effect on the environment, a Categorical Exclusion (CX) 
under NEPA has been prepared specific to the activities planned for th. 
site. The CX has been submitted to and approved by the DOE Oak Ridge 
Operations NEPA Compliance Officer. The CX applied to work at this 
site is "B.6.1 Removal Actions Under CERCLA (including those taken as 
final response action and those taken before remedial~action) and 
Removal -Type Actions Similar in Scope Under RCRA and Other 
Authorities." 
24, 

The CX for GM was approved by DOE-Headquarters on August 
1994 (see CCN 119788). 

ADDITIONAL REGULATORY CONSIDERATIONS 

DOE ORDER 5400.5 

Cleanup of the General Motors site will be conducted pursuant to DOE 
Order 5e200.5. However, 
the process of 

the Department of Energy (DOE) is currently in 
codifying all DOE Orders. A proposed rule which would 

codify DOE Order 5400.5 (IO CFR 834) has been published (58 FR 16268). 
The final rule is expected to be published before the end of this 
ca1enda.r year-. Upon codification of 10 CFR 834, the requirements 
governing clt-\nup of radioactively contaminated areas at the General 
Motors site woc::d havt to be reevaluated, particularly if the new 
requirements become effective before remediation commences. 
recommended that cleanup be 

It is 

chc new reFalationa. 
completed prior to the effective date of 

Based on the proposed rule, it is czcpected that 
10 CFR 834 will significantly change existing cleanup requirements at 
DOE sl.ir..cs. kr example, unlike WE Order 5400.5, the proposed rule ii 



10 CFR 834 does not contain building release criteria or soil criteri; 
in the form of easily identifiable numbers (e.g., 1,000 dpm). The 
proposed rule requires that the public not be exposed to 100 mrem/yr. 
This change would make it more difficult to determine whether 
buildings, soil, or equipment could be released. 

Clean Air &..-t (CAA) 

The fed,jral National Emissions Standards for Hazardous Air Pollutants 
(NESHAPS) regulate radionuclide air emissions from DOE facilities and 

operations. 

Radionuclide Emissions 

NESHAPs subpart H regulates the emissions of radionuclides from DOE 
facilities and operations. A literal reading of the regulation 
indicates that DOE "operatiansl', (assuming that remedial activities by 
DOE may be interpreted as "operations"), that emit radionuclides must 
demonstrate compliance with the 10 mrem/yr standard. However, the 
current DOE interpretation of the applicability of Subpart H, based on 
a draf‘t Memorandum of Understanding with EPA, is that Subpart H only 
ap.plies to DOE owned or leased sites, not to vicinity properties such 
as the General Motors site. In addition, it can be argued that merely 
Ita potential to emit" does not trigger applicability of subpart H. 

Asbestos Abatement 

NESHAPs subpart M contains requk-ements for asbestos demolition and 
renovation activities in 40 CFR §61.145. The General Motors asbestos 
removal is classified as a renovation activity. Furthermore, since 
less than 260 linear feet of regulated asbestos containing material on 
pipes is being removed, the activity does not require compliance with 
the provisions of 40 CFR §61.145 and notification is not required to b 
given to U.S..EPA. 

Clean Water Act (CWA) 

The CWA regulates the discharge of pollutants to waters of the United 
States through the application of Federal, State, and local discharge 
standards. 

Discharqe of Pollutants to Waters of the U.S. 

EPA and states regulate direct discharges of pollutants through their 
National Pollutant Discharge Elimination System (NPDES) and State 
Pollutant Discharge Elimination System (SPDES) programs, respectively. 
Although decontamination water will be generated at the GM site, such 
water will not be discharged to waters of the United States. Since 
remedial action at the General Motors site will not lead to the 
discharge of pollutants (i.e., deconwater) to waters of the United 
States, the provisions of the CWA are not applicable and a permit will 
not be required. 
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Stormwater Discharqes Under the NPDES Proqram 

A stormwater permit is not required for the GM site. The owner or 
operator of a facility subject to the regulations in 40 CFR 122.26 (the 
federal stormwaier requirements) must apply for a stormwater discharge 
permit (e.g., a general or individual stormwater permit) for activities 
"associated with industrial activity" at a regulated facility. A 
regulatory database search reveals that the State of Michigan has not 
obtained authorization to implement the EPA stormwater program. 
However, the EPA administers this program in the absence of a state 
program. 

Federal stormwater regulations require l'operators" responsible for 
discharges of, stormwater to obtain permits in certain circ'umstances. 
Although DOE does not own the General Motors facility, it could be 
argued that DOE "operates" a portion of the facility during remediation 
because it exercises control over the activity. However, the General 
Motors site does not fit into one of the facility categories listed in 
the stormwater regulation (e.g., it is not a construct!on site that 
will result in the disturbance of at least five acres of to~tal land 
area). Therefore, the site is not subject to stormwater regulations. 

Resource Conservation and Recovery Act (RCRA) 

Hazardous Waste Manasement 

RCRA regulates the -sto_rage, treatment, and/or disposal of hazardous 
waste or radioactive mixed waste (RMWJ that contains hazardous 
constituents (40 CFR 261 through 40 CFR 268). No RCRA regulated waste . 
or RMW has been identified at the site, nor is any expected based on 
process knowledge. Nevertheless, should a hazardous waste be 
generated, it will be managed in c-ompliance with the provisions of 
RCRA. Since RCRA regulations now also cover contaminated debris '(e.g.,- 
concrete rubble and other building material) any such building material _ 
that is suspected to have been contaminated from leakage or spills of ; 
hazardous waste must be tested using the RCRA TCLP procedure. In 
addition, should RCRA waste be tncountered, recently promulgated 
treatment standards will be reviewed for applicability prior 'to land 
disposal or shipment of the waste for final disposal (59 FR 47982). . 

Used Oil Regulations 

RCRA also establishes standards for the management of used oil (40 CFR 
279). Used oil is defined as "any oil that has been refined from crude 
oil, or any synthetic oil, that has been used and as a result of such 
use is contamirated by physical or chemical impurities" (40 CFR 279.1). 
Oils that meet this definition are not subject to RCRA hazardous waste 
requirements if they are recycled (burned). To prevent the triggering 
of more stringent hazardous waste regulations, the used oil must not be 
mixed with a hazardous waste, cannot have greater than 1,003 ppm total 
halogens, and must be recycled. It is not necessary to test Jlsed oil 
fo'r hazardous waste characteristics if the above provisions are met. 



Used oils which are not radiologically contaminated will remain the 
property of GM. Such oils will not be managed by DOE. However, oils 
contaminated at levels greater than 300 piC/g will be managed in 
accordance with either used oil regulations, RCRA regulations, or state 
solid waste regulations, as appropriate. 

Toxic Substances Control Act (TSCA) 

PCBS 

TSCA establishes requirements for the manufacture, processing, 
distribution in commerce, use, disposal, storage, and marking of PCBs 
of greater than 50 ppm (40 CFR 761). TSCA regulated PCBs have not been 
identified, nor are any expected based on process knowledge, at the- 
site. Should regulated PCBs be encountered, they will be managed, ~~ 
stored, and disposed of in accordance with TSCA regulations. 

Asbestos 

In addition, TSCA sets forth requirements which must be followed by 
employers of state or local government employees during asbestos 
abatement projects not governed by the Occupational Safety and Health 
Act [OSHA] (see 40 CFR 763.120). These requirements are not applicable 
to GM since asbestos abatement will not involve state or local 
government employees and OSHA asbestos standards under 29 CFR 1910.101 
will be followed to protect workers. 

National Historic Preservation Act (NHPA) 

Since this removal action is a federal ulldertaking, compliance with ' 
§106 of the NHPA is required. On February 24, 1994, a letter was sent 
to the Michigan State Historic Preservation Officer (SHPO) indicating 
DOE's opinion that site activities will not detrimentally impact any 
historic properties (CCN 1137OG). In a letter dated March 10, 1994, 
the Michigan SHPO provided concurrence that activities at the General 
Motors site wili not affec~t any historic properties and that the 
property is cleared under 36 CFR 800 (CCN 114461). 

State Requirements , 

State Asbestos Resulations 

The state of Michigan has adopted b y reference the federal asbestos 
NESHAPs provisions of 40 CFR 61, subpart M (see R 299.4131). However, 
there are licensing requirements for corpora~tions and accreditation 
requirements for workers who engage in asbestos removal activities. It 
is recommended that the services of a licensed/accredited subcontractor 
be obtained for the asbestos removal. 

In addition, for any asbestos removal of at least 10 linear feet.or 15 
square feet, whether on pipes or. facility components, the asbestos 
abatement contractor must provide notification to the state at least 10 
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days prior to the beginning of the abatement activity (Asbestos 
Abatement Contractors Licensinq Act; Act 135 of 1986; §220(1))-. 
Asbestos abatement contractors must also pay fees equal to 1% of the 
price of the contract for the asbestos abatement project (Act 135, 
5220(3)). Michigan has also recently adopted the OSHA construction 
standards of 29 CFR 1926.1101. These standards categorize work 
activities for asbestos removals. 

In summary, the state of Michigan requires compliance with federal 
iJESIWPS provisions (for the actual asbestos renovation or demolition 
activities), state licensing and accreditation requirements,' state 
notification requirements (1C days prior to beginning the abatement 
project) I and the OSHA construction standards of 29 CFR 1926.1101. 

State Radioactive Waste Code 

A strong case can be made, based on statutory and regulatory 
interpretation of federal and state law, that DOE is not subject to 
Michigan's radiation protection regulations. This is based on the fact 
that Michigan's authority to regulate radioactive materials is derived 
from the Nuclear Regulc::ory Cornmiss-ion (NRC). The NRC and DOE are 
sister agencies and generally do not have regulatory or enforcement 
authority over each other. Therefore, NRC regulations and/or state 
radiation protection regulations derived from,NRC authority are snot 
applicable to DOE. 

S:ate Solid Waste Requlations 

Requirements regarding th e disposal of radiologically contaminated non- 
hazardous oils are found in the Michigan Solid Waste Regulations. 
Generally, these regulations require treatment prior to disposal of 
li+ids in a solid waste landfill. In addition, since oils managed by 
DOE will have contamination in excess of- 300.piC/g, they may not be 
disposed of in a solid waste landfill. 

The oils in question wi, '1 be treated onsite and then disposed of at a 
RCRA permitted facility (e.g., Envirocare). Solidification will be 
the treatment method for these non-hazardous oils. Planned treatment 
and disposal methods actually comply with hazardous waste requirements. 

Z?t<~te Hazardous Waste Code 

The state of Michigan has an EPA authorized hazardous waste program 
which sets forth regulations that are compatible with RCRA. Therefore, 
~tclte hazardous waste *ruies are the applicable regulations for 
hazardous waste generated at the General Motors site. Where state 
regulations do . 'ot address certain issues contained in federal 
L-ccjulations, the federal regulations are applicable. 



Based on process knowledge and characterization activities to date, 
RCRA regulated waste has not been identified at the General Motors 
site. If hazardous waste is generated, it will be managed according tc) 
the requirements contained in the Michigan Hazardous Waste Management 
Rules (R299.9101 through R299.11107). 

Transportation Interstate 

Another potenti. issue involves the crossing of state lines with 
radioactive waste during transportation to a permanent disposal site. 
We rec0mmer.d that this issue be researched and evaluated by Waste 
Management and Treatment for applicability to the General Motors site. 

Water Manasement 

Evaporation (e.g., drum heaters) and/or solidification are the 
preferred method of handling contaminated water remaining from site 
activities. However, should it be necessary to transport and dispose 
of water bffsite, a water hauler who is licensed pursuant to §325.12501 
of the.Michigan Drinking Water Rules will be contacted. The licensed 
water hauler must comply with applicable Michigan regulations. Local 
public owned, treatment works (POTWs) may be contacted to explore the' 
possibility of discharging.water directly to the local sewer system. 

Potential Local Ordinarrces and/or Permits 

The city of Adrian has been contacted to identify applicable local 
ordinances and/or permits for the GM site. According to Mr. Gary Bite 
of the Engineering/permitting Department for the city, only an 
electrical permit must be obtained. The permit shall be acquired by an 
electrician licenses in the State of Michigan. It is no't necessary to 
provide the city with copies of drawings or the scope of work. 

Pursuant to an agreement with General Motors, construction activities 
will use facility (e.g., General Motors) power control and water 
supplied connections as opposed to using local power controls and water 
supplied connections. Therefore, permits will not be required for 
water service extensions, construction, or sanitary services (E-Mail 
dated 3/28/95 from Naren Ramachandran). 

CONCLUSION 

This review has identified the major regulatory drivers that guide 
activities during the General Motors site cleanup. As a result, the 
following specific actions have been identified that should be 
addressed prior to initiating work at the site: 

0 the Michigan Department of Public Health should be notified of 
the asbestos removal at least 10 days prior to the start of 
the activity, 
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0 Bechtel or the appropriate subcontractor should obtain 
appropriate licenses for corporations and/or accreditation for 
employees prior to beginning asbestos abatement, and 

0 the construction or engineering group should obtain an 
electrical permit from the city of Adrian. 

. Additional actions may be required. These actions will be tracked and 
coordinated by the Missouri-Ohio Environmental Compliance Coordinator 
upon direction from the Project Manager. 

Based on the above assump:ions and research, environmental compliance 
has not .identified any environmental regulations, other than those 
identified and referenced to date, that would impact work at the 
General Motors site. 
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.l 
A radiological survey was made of the former Bridgeport Brass 

Specia 1 Metals Extrusion Plant in Adrian, Michigan, now owned by Genera 
Motors Corporation. This plant was operated to extrude uranium metal 
which was used in the fabrication of reactor fuel for the Hanford, 
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F. F. Haywood* 
H. W. Dickson 
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ABSTRACT 

Washington, and Savannah River, South Carolina, plants. Activities at 
the Adrian plant included preparation of material for extrusion, abra- 
sive sawing, storing, packaging, and shipping. When the original con- 
tract was concluded, most of the equipment was dismantled and salvaged. 
The current property owner cleaned much of the building and conducted 
his own radiological survey. The results of the General Motors survey 
indicated that the area originally involved in the uranium handling'and 
processing operation was within tolerances under the provision of guide- 
lines applicable at the time the facility was decommissioned. A compre- 
hensive survey was conducted in that area by a team of health physicists 
from the Oak Ridge National Laboratory (ORNL). The results of this sur- 
vey tend to confirm the findings of the General Motors report, except 
that some floor areas were contaminated in excess of applicable guide- 
lines and some off-gas ducts which had been used in the cutting area 
were found to be contaminated with uranium. 
the floor areas were cleaned, and a subsequent 

These ducts were removed, 
resurvey of the plant was 

made by ORNL during February and March, 1977. 

In April, 1979, an additional survey of a portion of the facility 
was conducted by ORNL health physicists after learning that service pits 
had existed beneath the extrusion units. Sometime after extrusion opera- 
tions ceased, these pits were filled with sand and covered over at the 
existing floor level with concrete. Results of this survey revealed 
concentrations of 238U up to 21,000 pCi/g of residue, scale, and other 
miscellaneous materials collected from the bottom of service pits, 
service manholes, and holding tanks.. 

*Present address: Eberline, Oak Ridge, Tennessee 37830. 

'Retired. 
t Consultant: Chattanooga State Technical Community College. 
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INTRODUCTION 

During the 195Os, the Bridgeport Brass Company, a division of 

National Distillers and Chemical Corporation, operated a Special Metals 

Extrusion Plant in Adrian, Michigan, under contract AT-(30-l)-1405 with 

the Department of Energy (DOE, then the Atomic Energy Commission [AEC]). 

The product of this operation was material for uranium fuel elements for 

reactors in Hanford, Washington, and at the Savannah River Plant in 

South Carolina. Uranium handled in this operation included depleted, 

natural, and up to 2.1% enriched.l There are no descriptive records 

available which indicate the full nature of the operations at this 

plant. 

At the completion of work by the Bridgeport Brass Company, one 

large extrusion press was shipped to Reactive Metals, Inc., in Ashtabula, 

Ohio, and put into operation there. Other equipment was dismantled and 

scrapped. The whereabouts of this material is unknown. The plant, was 

sold to Martin-Marietta in the early 1960s. It was used by that company 

until 1974, when it was sold to General Motors, Chevrolet Manufacturing 

Division. Therefore, from about 1961 until the present, no records 

exist to document alpha and beta-gamma contamination levels on the 

floor, walls, fixtures, and structural members of the building. 

In May, 1976, newspapers throughout the country carried articles 

pertaining to a report from the General Accounting Office recommending 

that DOE (then the Energy Research and Development Administration [ERDA]) 

expedite completion of radiological surveys at numerous sites throughout 

the U. S. in order to certify that no potential hazards existed at these 

sites. When General Motors officials learned through this release that 

the Adrian property was included in those under consideration, a decision 

was made to perform an in-house survey of the facility in order to 

determine the need for decontamination. Residual uranium was found in 

numerous places, especially on elevated horizontal surfaces, fixtures, 

and in floor cracks. The building was.decontaminated using a vacuum 

This cleaning operation netted eight 

to an analysis 

in the collected 

.cleaner with filtered exhaust. 

55-gal drums containing 1 ton of 

of the residue, there was a tota 

dust and dirt. According 

1 of 5 to 6 kg of uranium 

1 
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dust. A follow-up survey was made by General Motors. Results suggested 

that the areas actually surveyed were within recognized tolerances. The 

Department of Energy (then ERDA) was then requested to confirm the 

General Motors results with a formal survey and to verify that the area 

met current guidelines for unrestricted release of property. In order 

to verify the results obtained by General Motors and to obtain an 

independent evaluation, ORNL was asked to inspect the facility, make 

exploratory measurements, and conduct a formal survey if one was required. 

On August 9, 1976, a presurvey visit to the Adrian plant was made 

by H. W. Dickson of ORNL's Health and Safety Research Division (then 

Health Physics Division) and W. T. Thornton of DOE (then ERDA), Oak 

Ridge Operations (ORO). During this initial site visit, preliminary 

measurements were made in areas where particulate matter was apt to 

accumulate. It was found that most of the activity on the floor was 

confined to cracks in the concrete. There were a number of places where 

concrete had been chipped during cleanup to remove contaminated sections 

of the floor. Exploratory measurements revealed residual radioactivity, 

but the readings were less than 1000 CI dpm/lOO cm2 by direct reading on 

the floor and less than 0.2 mrad/h at 1 cm from the floor due to beta- 

gamma radiation. In areas well above the floor, some alpha radioactivity 

was found on structural steel members but did not exceed 2,000 dpm/lOO cm2. 

Because residual radioactivity approaching limiting average levels 

was detected during this visit, it was decided that a comprehensive 

survey of the building would be needed in order to assure the appro- 

priateness of unrestricted use of the property. Based on the results of 

this preliminary visit, a plan was developed for the formal survey of 

this facility. The plan was approved by DOE (then ERDA), and the initial 

survey work was conducted during the period August 17-19, 1976. 
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DESCRIPTION OF PLANT AREA 

The former Bridgeport Brass Company plant, only a portion of which 

was used for the uranium extrusion operations, is a large complex cover- 

ing approximately 757,000 ft2 (17.4 acres). A layout of the building 

was sketched from an original drawing and is given in Fig. 1. Metal 

extrusion, cutting, etc., was carried out in Bays 5 through 7, shown as 

the shaded area in Fig. 1. This area is approximately 40,800 ft2, with 

a ceiling height which varies from 45 to 55 ft. Lighting was provided 

by several rows of fluorescent fixtures and by sunlight through windows 

in two lo-ft-high "monitors"* in Bays 5 and 7. These windows were opened 

and closed automatically by motorized actuators. The large open areas 

of this structure are afforded by a massive steel framework. Supported 

from this framing are .crane rails, roof drain lines, electrical wires 

and conduits, water pipes, space heaters, and off-gas ducts. Airborne 

radioactive material which settled onto the horizontal surfaces of-this 

network of material presented a difficult situation both with regard to 

cleanup and monitoring. The largest single surface was the concrete 

floor. Most of the remaining surfaces were concrete block walls and 

steel supports with the exception of a wood catwalk '(45 ft above the 

floor) which traversed two sides and the north end of both the west moni- 

tor located in Bay 5 and the east monitor located in Bay 7. 

A general view of the operational area during the AEC contract is 

shown in Fig. 2 and includes a nominal 3,800-ton-capacity press (lower 

right), saw (lower left), and pickling vats (upper left). A close-up 

view of the pickling vats and associated off-gas system is shown in 

Fig. 3. Blowers for numerous off-gas ducts in the exhaust system were 

located on the roof. Air from this off-gas system was released at some 

unknown height above the roof. 

At the time of the survey, conducted in August, 1976, as well as at 

the time of the subsequent survey conducted in February-March, 1977, 

there was a surrounding concrete block wall on the east and south sides of 

*Monitors referred to here are raised sections of the roof which 
contain rows of windows for lighting. 
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Fig. 1. Plan view of former Bridgeport Brass Special Metals Extrusion Plant. 
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/lew of extrusion area showing extrusion press in right foreground. 
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Fig. 3. Typical arrangement of exhaust ducts for cutting, etching, and extrusion operations. 



the operations area. Because of some uncertainty regarding the age of 

this wall, the survey of fixed alpha and beta-gamma activity on the floor 

was extended to the areas immediately adjacent to and on the other side 

of the concrete block wall. It was later learned that these walls were 

erected in early 1960 prior to termination of operations in 1961. 

For convenience, a plan view of the shaded area in Fig. 1 is pre- 

sented in Fig. 4. For the purposes of this survey, a plan view including 

the shaded area in Fig. 1 as well as the area outside the concrete block 

walls, which are now removed, is shown in Fig. 5. The grid shown in this 

figure represents an alpha-numeric code assigned by the original archi- 

tect. This code is assigned to vertical steel beams which were placed 

along the outer walls of the facility. The plus signs (+) which appear 

in these figures represent the intersection of lines of projection drawn 

between these vertical beams. Because of the massive roof framing 

design, the need for vertical beams in interior spaces was minimized. 

Within the operational area (nonsymmetric with respect to the remainder 

of the building) there were three of the beams at grid locations ijN, 

ZlN, and 25N. 

RADIOLOGICAL SURVEY MEASUREMENTS 

Most measurements made during the course of a formal survey of 

former MED/AEC facilities follow a fixed pattern and are designed to 

permit an evaluation of the current radiological status of the property 

and to permit comparison with guidelines for the release of decontami- 

nated property for unrestricted access. Differences in measurement 

protocol between sites are generally attributable to the type of material 

handled and to the type of operation. The measurements listed in this 

section, therefore, represent those which were deemed necessary in order 

to provide an adequate survey of the former Bridgeport Brass plant. 

Gamma-Ray Measurements 

Gamma-ray exposure-rate measurements were made 1 m above the floor 

throughout the area used for extruding uranium. The spacing used for 

these measurements was chosen according to the alpha-numeric grid 
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depicted in Fig. 4. Also, gamma-ray exposure-rate measurements were 

made 1 m above the ground in the open land area north of the building 

shown in Fig. 6, as well as in the building, inside manholes, inside down 

spouts of roof drains, sumps, and the pipe chase at locations indicated 

in Fig. 5. 

Measurements of Alpha and Beta-Gamma Contamination 
on Building Surfaces 

In order to determine the levels of total and transferable uranium 

contamination on surfaces, the following surfaces were monitored: 

structural steel, elevated catwalks, pipes, heaters, light fixtures, 

vertical walls, and other objects above the floor level; floor of the 

plant area involved in the AEC contract and the floor in areas adjacent 

to the operational area; and the roof surface including the roof storm 

drain troughs. 

"Contamination," as used in this report, refers to radioactive 

materials, whether fixed or transferable, deposited in or on surfaces. 

Survey meter readings made on surfaces were used to indicate the levels 

of total surface contamination, while standard smear techniques were used 

to determine the levels of transferable contamination. 

Concentration of Radionuclides in Air 

Filtered, high-volume air samples (50,000 to 100,000 liters) were 

collected in three locations in the general area of uranium extrusion. 

The filters were returned to ORNL and analyzed to determine the amount 

of e34u , 235U, and 238U from which air concentrations of these nuclides 

could be calculated. 

Investigation of Underground Drains 

There is one main storm sewer near the operations area of the main 

building. The sewer is used as drainage for water collected on the 

roof. Air from exhaust ducts near the extrusion and cutting area was 

released at some point above the roof. Local fallout from these ducts 

was then washed into the storm drain during rainy periods. Three floor 
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drains were found in the building. These are shown in Fig. 5. Addi- 

tionally, service manholes Ml, M15, and Ml6 shown in Fig. 5 contained 

drains at the bottom which terminated in sump SPl located on the loading 

dock at the north end of the building. A 42-in.-diam sump, shown in 

Fig. 5, contained two drains near the bottom. One entered the sump from 

an eastward direction and the other from a westward direction. No in- 

formation is available as to the origin of these drains. Samples from 

this main trunk line of the storm sewer were collected at three points 

(see Fig. 1) and analyzed at ORNL. Also, samples from all other under- 

ground drains were collected. The concentration of 238U was measured in 

all samples. 

Concentrations of Radionuclides in Soil Collected 
on the Site and off the Site 

Samples of soil were collected on three sides of the main building 

(see Fig. 1) from the open land area north of the plant (see Fig. 6) and 

at four places in Adrian from 2 to 5 miles from the Bridgeport Brass 

plant. These samples were analyzed at ORNL for 238U and for 22sRa. 

, 
RESIDUAL CONTAMINATION GUIDELINES 

Through an investigation of the operations of this facility, it was 

determined that only uranium was processed. The U.S. Nuclear Regulatory 

Commission (NRC) has published guidelines2 for the decontamination of 

facilities and equipment prior to release for unrestricted use. Sur- 

face alpha radioactivity limits in these guidelines for uranium are 

5,000 dpm/lOO cm2 averaged over 1 m2 and 15,000 dpm/lOO cm2 maximum. 

For associated beta-gamma contamination, the radiation dose rate limits 

at 1 cm above surfaces are 0.2 mrad/h averaged over 1 m2 and 1.0 mrad/h 

maximum for an area not greater than 100 cm2. The NRC guidelines are 

presented in Appendix I. At the time survey operations began at this 

site, these guidelines had not been adopted for the DOE (then ERDA) re-m 

survey program. Therefore, for the floor of this facility, it is not 

possible to compare the results of early measurements except in a gen- 

era1 way. In December, 1976, the NRC guidelines were adopted for the 
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program since they were being used by NRC for the release of decontami- 

nated property for unrestricted use. In comparing the results of the 

survey with the NRC guide, it was obvious that residual contamination in 

some areas exceeded limits given therein. This information was passed 

on to the current property owner who, in turn, performed additional 

decontamination and requested that another survey be made of the facil- 

ity. This survey was conducted during February and March, 1977. Spe- 

cific survey procedures used during surveys are presented later. Those 

of the second survey were designed to permit comparison with the NRC 

guidelines. 

DESCRIPTION OF SURVEY PROCEDURES 

Prior to conducting the initial survey, the nature of the extrusion 

operations was discussed with plant personnel (some of whom worked at 

the plant during.the Bridgeport Brass operation), and an inspection was 

made of the building. Based on these discussions and observations made 

during the inspection, it was decided that a representative survey could 

be accomplished by measuring contamination levels on (1) floor and wall 

surfaces; (2) elevated chord trusses, heaters, light fixtures, pipes, 

etc., at the 35-ft level; (3) structural .steel at the 45-ft level; 

(4) catwalks, windows, hand railings, and vertical surfaces in the east 

and west "monitors" between 45 and 55 ft above the floor; (5) roof, 

including original exhaust outlets; (6) loading and unloading ramp on 

the north side of the building; and (7) floor and roof drains. Because 

some contamination existed on the overhead structure, it was important 

to obtain samples of air to determine whether survey activities resulted 

in airborne contamination. For this reason, it was felt that high volume 

air samples should be collected during the survey. 

Readings of surface radioactivity and gamma-ray exposure rate were 

made in all areas which were accessible. However, it should be stressed 

that during the initial survey there were some areas of the floor which 

were covered or otherwise rendered inaccessible because of material 

stored on pallets and equipment stored on the floor directly. These 

places which were only partially available for survey are indicated as 
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shaded areas in Fig. 7. There are a total of 130 grid points within the 

boundaries of the operational areas. Measurements were made at 44 grid 

points on interior floor surfaces and at 23 grid points along the four 

walls. The area covered around each interior grid point was approxi- 

mately 3.5 m2 and one-half that area at grid points along the walls 

(this represents approximately 17% of the floor area, actually surveyed). 

Random alpha and beta-gamma readings were taken in each square meter 

within the area, and the average of those random readings was recorded 

for each grid point area. One random smear sample was taken within the 

area covered at each grid point. In addition, 100 smear samples were 

taken at random locations on the floor throughout the operational area. 

Prior to conducting subsequent survey measurements at this plant, 

all stored material and equipment were removed, and the floor area was 

cleared. For this part of the survey, a revised survey plan was prepared 

and approved by DOE-OR0 (then ERDA-ORO). It gave details of the tech- 

niques utilized for taking surface contamination readings. 

There were three sets of off-gas ducts which had been cut at a 

height of approximately 15 ft above the floor (the lower portion was 

scrapped when the plant was decommissioned). The lower end of the duct 

was covered, and the duct was intact from that point to the ceiling. 

Sample scrapings were taken from the inside of these ducts and returned 

to ORNL for analysis. 

After learning that service pits existed beneath the extrusion units 

(see Fig. 8), and that after removal of the equipment the pits were 

filled with sand and covered over with concrete at original floor level, 

plans were developed to investigate these areas. This survey was con- 

ducted in April, 1979. The plan included (1) direct gamma radiation 

level measurements at sequential depths (typically 1 ft) in holes drilled 

through the concrete floor, sand, and into concrete surfaces in the bot- 

tom of the service pits (see Fig. 5); (2) analysis of core samples from 

surfaces of the bottom of service pits; (3) analysis of scale, sediment 

and crud from surfaces of drains, sumps, service manholes, and the pipe 

chase (located toward the north end of the building); and (4) sampling 

of water (or other forms of liquid) from sumps, drains, storm sewer sys- 

tem, etc., where present. Additionally, overhead areas east and south 
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of the operating area, beyond where block walls once existed, were sur- 

veyed in a manner as done above the operating area in the "initial" 

survey. 

INSTRUMENTATION AND EQUIPMENT 

All measurements of alpha and beta-gamma surface contamination in 

the operations area were made with portable, hand-held instruments 

described in Appendix II. Environmental samples which were returned to 

ORNL were analyzed for radionuclide concentration using state-of-the-art, 

computerized electronics as described in Appendix III. 
Samples of airborne particulate radioactivity were collected with a 

Staplex, model TF-lA, high-volume sampler. The effective area of aerosol 

collection was 66.5 cm2. Whatman No. 41 filter paper was used. This 

filter is used for fast filtering of coarse and gelatinous precipitates 

in laboratory work, and it contains 0.01% ash or less. Six air samples 

collected during the three-day survey period were returned to ORNL for 

analysis. The filters were ashed, dissolved, and analyzed for uranium 

isotopes using mass spectrometry techniques. 

RESULTS OF RADIOLOGICAL SURVEY 

The findings of the surveys presented here show the initial (1976) 

and current (1979) levels of residual contamination in the facility. 

All direct meter readings reported here represent gross readings; back- 

ground radiation levels have not been subtracted. Similarly, background 

levels have not been subtracted from radionuclide concentrations measured 

in environmental samples and building materials. 

In the initial survey, radioactive residues were found inside the 

section of off-gas ducts which had not been torn down. Measurements on 

the inside of these ducts revealed the presence of uranium residue. 

Because of a buildup of "scale," the direct reading for alpha radio- 

activity did not exceed 1,200.dpm/lOO cm2; however, the transferable 

contamination also ranged up to 1,200 dpm/lOO cm2. A direct beta-gamma 
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reading on a wet paper towel "wipe" revealed up to 8,000 cpm transferable 

with a corresponding,direct beta-gamma reading at the duct surface of 

7.4 mrad/h. A sample of scale was taken from the inside of these ducts. 

Neutron absorption techniques3 were used to estimate the concentration 

of uranium in this material. The observed range of 238U was 11,000 pCi/g 

(3% uranium) to 25,000 pCi/g (7.5% uranium). On the basis of this 

information, DOE (then ERDA) requested the removal of the ducts. General 

Motors personnel removed these ducts and cleaned all residue in the area 

using a filtered vacuum cleaner. 

Results of the initial and second transferable surface contamination 

surveys are presented in Table 1. A given value posted in Table 1 

represents net disintegrations per min per 100 cm* alpha or beta-gamma 

activity obtained by use of standard smear techniques applied to grid 

blocks indicated. Columns I and II refer to results obtained during the 

first survey. Columns III and IV refer to'results obtained during the 

second survey after General Motors personnel had cleaned some areas. 

For direct readings of radiation levels,on floor surfaces for both the 

initial and second surveys, results are presented in Table 2. A given 

value posted in Table 2 represents average direct readings per square 

meter in an area approximately 3.5 m x 3.5 m. It is seen that the 
. 

residual $-y contamination levels on the floor in several areas (see 

Column II, Table 2) exceed the recommended NRC guidelines for uranium. 

General Motors personnel removed all material from the operations area 

and decontaminated those areas where contamination was found in excess 

of guidelines. It was necessary to remove some sections of concrete by 

chipping, to remove imbedded steel anchor bolts from the floor, to remove 

expansion joint packing, and to etch some painted surfaces with acid. 

All decontamination work was completed in February, 1977. The second 

floor survey was completed on March 2, 1977. Results of this survey are 

presented in Columns III and IV of Table 2. 

I In the second survey, a measurement grid was established for each 

of the five shaded areas given in Fig. 9. Grid lines were separated by 

2 m thus describing a "checkerboard" pattern as shown in Fig. 10. Five 

random alpha and five random beta-gamma measurements were made .in each 

alternate 1 m* area within each gridded area. An area weighted average 
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Table 1. Results of transferable alpha and beta-gamma contamination 
measurements of floor during initial survey (Columns I and II) 

and after cleaning by General Motors (Columns 111 and IV) 

Survey block I II III IV 
shown in Alpha 

Fig. 4 
Beta-gamma Alpha Beta-gamma 

(dpm/lOO cm*) (dpm/lOO cm2) (dpm/lOO cm*) (dpm/lOO cm*) 

G15 
G16 
G18 
G21 
G23 
G25 
G27 
H15 
H16 
H17 
H18 
H20 
H22 
HZ4 
H26 
315 
J16 
317 
J18 
J19 
J20 
J21 
523 
525 
327 
K15 
K16 
K17 
K18 
K20 
K22 
K23 
K24 
K26 
L15 
L16 
L17 
L18 
L19 
L21 
L22 

(10 
a -- 

(10 
(10 
(10 
(10 

-- 

(10 
-- 

(10 
(10 
(10 
<lo 
<lo 
<lo 

mm 

(10 
-- 

20 
10 

(10 
(10 
(10 
(10 
<lo 
<lo 

-- 

<lo 
-- 

<LO 
-- 

<lo 
(10 
30 
-a 
30 
-- 
10 
20 
-a 

(10 
a -- 

-- 

100 
(10 
(10 
10 
60 
50 
-- 

110 
50 

<lo 
60 
40 
40 
-- 
40 
a- 

100 
10 

110 
30 

a0 
60 
90 
80 
-- 

120 
-- 
70 
a^ 

a0 
a0 
(10 
-- 

(10 
em 
80 

170 
mm 

a -- 

(10 
(10 

a- 
-- 
mm 
em 

(10 
(10 
<lo 

-- 

(10 
<lo 

-- 

(10 
(10 
a0 

-a 

10 
-- 
-- 
-- 
-- 
mm 

a0 
a0 
a0 
a0 
-- 

a0 
-- 
me 

<lo 
a0 
(10 
a0 
mm 
-- 

(10 

a -- 

(10 
(10 

mm 
-- 
mm 
em 
70 
60 
60 
-- 

-- 

60 
-40 
-- 

a0 
a0 
(10 
Mm 

100 
-- 
-- 
-- 
-- 
-- 

a0 
a0 
a0 
(10 
-- 

a0 
-- 
-- 

<lo 
-a0 
(10 
(10 
-- 
-- 

<lo 



Table 1. (continued) 

Survey block I II III IV 
shown in Alpha Beta-gamma Alpha 

Fig. 4 
Beta-gamma 

(dpm/lOO cm*) (dpm/lOO cm*) (dpm/lOO cm*) (dpm/lOO cm*> 

L23 
L25 
L27 
Ml5 
Ml6 
Ml7 
Ml8 
Ml9 
M20 
M21 
M22 
M24 
M26 
N15 
N16 
N17 
N18 
N19 
N20 
N21 
N22 
N23 
N25 
N27 
015 
016 
017 
018 
019 
020 
021 
022 
023 
024 
026 
P15 
P16 
P17 
P18 
P19 
P20 
P21 
P23 
P25 

<lo 
(10 
<lo 
(10 

20 
-- 

10 
-- 

20 
-- 

<lo 
GO 

10 
80 
-- 

50 
-- 

10 
-- 

30 
-- 

<lo 
<lo 
<lo 

10 
GO 

mm 

GO 
-- 

70 

10 
-- 

(10 
GO 
<lo 

-- 

<lo 
-- 

20 
em 

(10 
(10 

-- 

(10 
100 

60 
60 
60 
-- 

40 
-- 

190 
-- 

50 
<lo 

60 
150 

-- 

60 
-- 

30 
-- 

50 
-- 

30 
50 

(10 
20 
60 
-- 

90 
-- 

210 
-- 

80 
-- 

(10 
a0 

30 
-- 

(10 
-- 

(10 
-- 
30 

(10 

-- 

W^ 

-- 

-- 
-- 
-- 

-- 

<lo 
GO 
(10 
(10 

30 
50 
50 
SW 

<lo 
(10 
(10 
(10 

70 
130 
100 

em 
-- SW 

50 <lo 
50 <lo 

100 <lo 
(10 <lo 

50 (10 
50 320 
70 100 
50 160 
-m -- 
-- 
WC 

40 
50 
50 
50 

(10 
50 
80 

(10 
(10 

-- 
-- 

GO 
(10 
(10 
(10 

-- 

50 
50 
-- 

<lo 

mm 
em 

300 
(10 
400 
400 
(10 
(10 
<lo 
400 
(10 

-- 
-- 

50 
(10 
(10 
(10 

-- 

100 
(10 

-- 

(10 
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Table 1. (continued) 

Survey block I II III IV 
shown in Alpha Beta-gamma 

Fig. 4 
Alpha Beta-gamma 

(dpm/lOO cm2) (dpm/lOO cm2> (dpm/lOO cm2) (dpm/lOO cm2) 

P26 
P27 
Q15 

Ql6 

417 

418 

Q19 

420 

421 

422 

424 

426 

<lo 
<lo 

20 
10 
-- 
-- 
-- 

10 
-- . 

(10, 
(10 
<lo 

10 
(10 
(10 

90 
a- 
-- 
^W 

90 

(10 
10 
60 

-- 
-- 
-- 

(10 
(10 
<lo 
a0 

-- 

a0 
-- 

-- 

-- 
a- 
-- 

(10 
(10 
(10 
(10 

-- . 

a0 

-- 
-- 

'Absence of data value indicates that no measurement was taken 
in this block during this particular survey. 
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Table 2. Results of direct alpha and beta-gamma measurements on 
floor during initial survey (Columns I and II) and after 

cleaning by General Motors (Columns III and IV) 

~~ 
Survey block I - II III IV 

shown in Alpha Beta-gamma 
Fig. 4 

Alpha Beta-gamma 
(dpm/lOO cm2) (mrad/h at 1 cm) (dpm/lOO cm2) (mrad/h at 1 cm) 

a mm a -- G14 
G15Sb 
G15Nb 
G16 
G18 
G21 
G23 
G25 
627 
H14 
H15S 
H15N 
H16 
H17 
H18 
H20 
H21 
H22 
H24 
H26 
314 
315s 
J15N 
J16 
J17 
518 
319 
520 
521 
523 
525 
327 
K14 
K15S 
K15N 
K16 
K17 
K18 
K19 
K20 
K21 
K22 

(50 
(50 

-- 
-- 
mm 

150 
<50 
(50 
<50 
(50 
<50 

60 
40 
-- 

50 
em 
a- 

(50 
(50 
<50 
(50 
~60 
140 

mm 

100 
-- 

90 
120 

70 
<50 
<50 
<50 
(50 
~60 
300 
300 

-- 

70 
-- 
-- 
-- 

120 

CO.02 
CO.02 

0.05 
-- 
-- 

0.02 
CO.02 
CO.02 
CO.02 
CO.02 
CO.02 

0.03 
0.02 

-- 

0.03 
-- 
-- 

CO.02 
CO.02 
CO.02 
co.02 
co.02 
0.05 
-- 

co.02 
-- 

0.01 
0.03 

CO.02 
CO.02 
CO.02 
CO.02 
CO.02 
CO.02 

0.03 
0.02 

-- 

0.10 
-- 
-- 
-- 

CO.01 

me -- 
-- -- 

CO.02 
co.02 

-- 

(50 
(50 
-- 
-- -- 

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

70 
70 
70 
-- 

(50 
(50 

-- 

-- 

0.02 
0.02 
0.01 
-- 

CO.02 
co.02 

mm 
mm 
-- 
-- 

-- 
-- 
-- mm 
-- 

230 
(50 
(50 
90 
-- 

SW 

0.04 
co.02 
co.01 
0.01 

-- 
mm 

-- 
-- 
-- 
-- 

-- 

-^ -- 
-- 

120 
140 
190 
180 
<50 
(50 
(50 

-- 

-- 

0.04 
0.03 
0.03 
0.02 

CO.02 
CO.02 
CO.02 

-- 
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Table 2. (continued) 

a “: 

Survey block I II III IV 
shown in Alpha Beta-gamma Alpha Beta-gamma 

Fig. 4 (dpm/lOO cm2> (mrad/h at 1 cm) (dpm/lOO cm2) (mrad/h at 1 cm) 

K24 
K26 
L15S 
L15N 
L16 
L17 
L18 
L19 
L21 
L22 
L23 
L25 
L27 

Dock area 
Ml4 
M15S 
M15N 
Ml6 
Ml7 
Ml8 
Ml9 
M20 
M21 
M22 
M23 
M24 
M26 
N14 
N15S 
Ni5N 
N16 
N17 
N18 
N19 
N20 
N21 
N22 
N23 
N25 
N27 
014 
015s 
015N 

(50 
<50 

50 
3400, 

-- 

590 
-- 

120 
150 

-- 

180 
(50 
(50 
All ~50 d/m o - 

60 
(50 
480 
150 

-- 

290 
^^ 

100 
-- 

160 
-- 

60 
<50 

90 
330 

3400 
-- 

780 
i- 

120 
-- 

1100 
-- 

<50 
<50 
<50 

60 
130 
420 

CO.02 -- -- 
CO.02 -- -- 

0.10 -- -- 

0.70 450 0.03 
-- 220 0.08 

0.15 250 0.09 
-- 300 0.04 

CO.01 120 0.01 
0.07 -- -- 

-- (50 co.02 
0.05 -- -- 

CO.02 -- -^ 
CO.02 -- -- 

* 100 cm2; ~0.02 mrad/h 8-u @ 1 cm 
0.02 -- -- 
0.10 -- -- 

0.60 320 0.10 
CO.02 520 0.10 

-- 350 0.13 
0.50 440 0.10 

-- 220 0.12 
0.40 130 0.10 

-- 100 0.06 
(0.0.2 70 0.07 

-- 180 0.05 
0.02 -- mm 

CO.02 -- -- 
0.05 -- -- 
0.10 -- -- 

0.50 430 0.05 
-- 30 0.05 

0.09 310 0.11 
-- 670 0.06 

CO.02 240 0.09 
mm 100 0.04 

0.90 140 0.08 
-- 90 0.06 

co.02 -- -- 
CO.02 -- ^- 
CO.02 -- -- 

0.05 - -- 
0.10 -- -- 

0.03 340 0.05 
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Table 2. (continued) 

Survey block I II III IV 
shown in Alpha Beta-gamma Alpha 

Fig. 4 
Beta-gamma 

(dpm/lOO cm2) (mrad/h at 1 cm) (dpm/lOO cm2> (mrad/h at 1 cm) 

016 
017 
018 
019 
020 
021 
022 
024 
026 
P14 
P15N 
P16 
P17 
P18 
P19 
P20 
P21 
P22 
P23 
P26 
P27 
414 
4155 
Q15N 
43-5 

417 

418 

Q19 

Q20 

621 
422 

424 

426 

(50 
a- 

50 
-- 

1200 
-^ 

(50 
<50 
(50 

50 
120 

-- 

(50 
mm. 

<50 
-- 

<50 
-a 
-- 

(50 
(50 
50 
50 

590 
300 
-- 
-- 
-- 

310 
mm 

190 
240 
(50 

co.02 
-- 

<0.02 
em 

-0.40 
-- 

CO.02 
co.02 
CO.02 
co.01 
0.02 
-- 

CO.02 
em 

CO.02 
-- 

co.02 
-- 
-- 

CO.02 
CO.02 
CO.01 
co.01 
0.02 

co.02 
-- 
-- 

0.03 
-- 

CO.02 
0.03 

CO.02 

110 
170 
190 

60 
120 

80 
60 
SW 
-- 
mm 
60 
60 

(50 
40 
-- 
70 
80 

120 
<50 * 
-- 
-- 
-- 
SW 

90 
90 
90 

110 
110 

-- 

<50 
-- 

-- 

0.03 
0.05 
0.04 
0.02 
0.04 
0.02 
0.07 
se 
-- 
-- 

CO.02 
0.02 

CO.02 
0.02 

-- 

0.03 
0.07 
0.03 

co.02 
-- 
-- 
-- 
-- 

0.03 
0.03 
0.02 
0.03 
0.03 

-- 

<0:02 
mm 
-- 
-- 

aAbsence of data value indicates that no measurement was taken in 
this ,block during this particular survey. 

b 
The designations 155 and 15N refer to grid line 15, measurements 

made on floor on south side of block wall and north side of block wall, 
respectively. 
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was determined for these random measurements and recorded as the average 

reading per 100 cm2 in each l-m2 area actually surveyed. In addition, a 

smear sample was also taken in each of the l-m2 areas in which direct 

readings were taken. Therefore in the 1977 survey, 50% of the floor area 

indicated in Fig. 9 was surveyed. 

Several 55-gal drums of material were collected by General Motors' 

personnel during decontamination activities. This material included dust 

and dirt from vacuum cleaning of overhead beams, trusses, and structures 

above the floor in June and July, 1976, chipped concrete and expansion 

joint packing from the floor, and residues collected after removal of 

building exhaust ducts. These drums were shipped to the DOE Feed 

Materials Processing Center, Fernald, Ohio, for disposal. 

For surfaces above the floor - namely, at 35- and 45-ft elevations - 

results are given in Tables 3 and 4, respectively. A survey of vertical 

surfaces (walks, steel beams, pipes, etc.) produced no significant read- 

ings above instrument background. 

External Gamma-Ray Exposure Rate 

The gamma-ray exposure rate at 1 m above the floor in the operations 

area was measured with portable instruments. The measurements are pre- 

sented in Fig. 11 and are given in pR/h. 

Survey of Storage Shed 

A small, wood shed with a concrete floor is located just west of 

the main building near a rail siding. This building, referred to as the 

"sheep shed," was used by shipping and receiving for temporary storage 

of material. A survey of the surfaces in the building did not reveal 

direct readings of residual contamination in excess of 100 dpm/lOO cm2 

for alpha and 0.05 mrad/h at 1 cm above the surface for beta-gamma. 

Results of smear tests in this area gave no values in excess of 

20 dpm/lOO cm2 alpha and 200 dpm/lOO cm2 beta-gamma. 
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Table 3.~ Results of direct and transferable alpha and beta-gamma measurements on surfaces at 
an elevation of 35 ft above the floor 

Survey block 
shown in 

Figs. 4 and 5 

Directly measured contamination 

Alpha 
(dpm/lOO cm2) 

Beta-gamma 
(mrad/h at 1 cm) 

Transferable contamination 

(dpm%!acm2) 
Beta-gamma 

(dpm/lOO cm2) 

GlO 
617 
G18 
G21 
623 
G25 
H14 
H15 
H17 
H18 
H19 
H21 
H23 
H25 
514 
515 
517 
521 
525 
J$17 
J+19 
J+21 
Jts23 
5425 
KlO 
K14 
K15 
K15+= 
K17 
K19 
K21- 
K23 
K25 
K3515= 

if;; 

KG21 
K$23 
K425 
L15 
L17 
L19 
L23 
L25 
L417 
LQ9 
LQl 
L+25 
Ml5 
Ml9 
M21 
M23 
M25 
NlO 
N14 
NE 
N16 
N17 

6’: 
2 
Z8 

1:: 
190 

2;: 

:oo 
80 
90 

269: 
900 

15:: 
1400 

600 
680 
130 

50 

;i 
240 
620 
144 
130 
240 
300 
400 
450 
330 
360 
240 

2:: 
260 
300 
150 

2:: 
150 
300 

50 
320 
300 
120 

50 

0.02 
0.02 

co.01 
CO.01 
CO.01 

0.02 
0.03 
0.02 
0.02 
0.02 
0.03 

CO.01 
co.01 
co.01 

0.08 
0.08 
0.02 
0.03 

co.01 
0.07 
0.03 
0.02 
0.05 

co.01 
0.02 
0.08 
0.08 
0.02 
0.03 
0.05 
0.02 
0.02 
0.02 
0.05 
0.03 
0.05 
0.02 
0.03 
0.02 
0.03 
0.03 
0.02 
0.02 
0.02 
0.02 
0.05 
0.02 

CO.01 
0.02 
0.03 
0.03 

CO.01 
co.01 

0.02 
0.08 
0.03 
0.02 
0.03 

(10 
40 

1:: 
30 

218 
<lo 
(10 

-- 
Cl0 
a0 

1:: 
a0 -- 
-- 

Cl0 

-- 

Cl0 
20 

:i 
<lo 

20 
a0 
20 

6'8 

"1: 
(10 

6200 
20 

a0 
(10 

:oo 
20 

ii 

I?:: 
10 

(10 -- 
^_ 

<lo 
10 
10 

1;: 
80 

:x 

S8 
<lo 

:i 
80 

zi 
140 
190 

1:: 
20 

<lo 
100 

60 

1:: 
40 

:i 
<lo 
160 -- 

;i 
50 



Table 3. (continued) 

Survey block 
shown in 

Figs. 4 and 5 

N18 
N19 

Directly measured contamination 

(dpm?:&zacm") 
Beta-gamma 

(mrad/h at 1 cm) 

30 0.02 
120 0.03 

Transferable contamination 

Alpha Beta-gamma 
(dpm/lOO cm2) (dpm/lOO cm') 

:i 1;: 
N20 390 0.07 40 
N21 180 0.05 (10 
N22 0.10 
N23 1;: 0.02 :; 
N24 co.01 10 
N25 1:: 0.02 (10 
016 300 0.02 
018 150 0.02 :i 
022 100 co.01 10 
0+19 
Osi24 
P15 

250 0.02 
150 0.02 

70 0.03 

30 
a0 

-- 

P18 
P19 
P22 
P24 
P26 
P+16 
P$19 
P$22 
$61 

8:; 
422 
F$: 

R16 R20 
R24 

R27 
S16 

T15 
T20 
T23 

0.02 10 50 
;i co. 01 cl0 10 

200 0.02 10 110 
CO.01 10 

ii 0.01 a0 1;: 
360 0.02 90 
120 co.01 

z: 
90 

20 co.01 <lo a0 
698 0.02 0.02 (10 -- <lo 60 

:i 
0.03 

co. 01 lloo 
<lo 

:"o 
co.01 (10 zi 
co.01 <lo 40 

<20 CO.01 (10 40 

160 '0.05 -- 0.03 20 ;"o 12 
0.03 -- -- 

-- 0.02 80 80 
;x 0.02 -- -- 

0.03 -- 20 
1;: 0.02 -- 230 

0.02 me 40 

QThe alpha-numeric grid used in this table is based on the identification of vertical steel 
columns as shown on building drawings. Columns running south-to-north in the operational area 
are labelled 15-27, while columns running west-to-east are labelled G-T. Where a notation such 
as 15%, or Ki, etc. appears in this table, the measurement location is midway between columns 
15 and 16, and K and L, respectively. 
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Table 4. Results of'direct and transferable alpha and beta-gamma measurements on surfaces at 
an elevation of 45 ft above the floor 

Survey block 
shown in 

Figs. 4 and 5 

Directly measured contamination 

Alpha 
(dpm/lOO cm2) 

Beta-gamma 
(mrad/h @1 cm) 

Transferable contamination 

Alpha Beta-gamma 
(dpm/lOO cm2) (dpm/lOO cm2) 

J15 
J16+= 
5174 
Jl8+ 
J19 
519% 
520 
521 
522 
523 
524 
J;5 

$:: 
J%22 
J+25 
K25 

2;; 

2;; 

L15 
L164 
L17 
L17$ 
Llf& 
L19 
L20 
L20$ 
L214 
L22 
L22?1 
L23 
L24 
L25 
015 

. 016 
018 
019 
021 
022 
023 
024 
025 
0$17 
0+19 
0$20 
0421 
0322 

E 
P15 
P16 
P17 
P18 
P19 
P20 
P21 
P22 
P23 
P24 
P25 

520 
770 
680 

1000 
250 
580 
310 
510 
380 
280 
180 

70 
180 
240 200 
1:: 
210 
460 

70 
lb0 
350 
850 
820 
810 
610 
640 
930 
630 
440 
380 
360 
210 
130 
-40 
480 
540 
330 
130 
340 
420 
330 
200 
200 
240 
270 
200 
190 
360 
150 

5:: 
330 
270 
280 
340 
450 
350 
300 
450 
420 
130 

0.14 
0.14 
0.17 
0.17 
0.17 
0.16 
0.14 
0.12 
0.12 
0.07 
0.05 
0.05 
0.17 
0.16 
0.08 
0.05 
0.05 
0.17 
0.14 
0.05 
0.05 
0.17 
0.14 
0.17 
0.17 
0.10 
0.19 
0.17 
0.14 
0.10 
0.10 
0.07 
0.07 
0.05 
0.05 
0.03 
0.10 
0.03 
0.14 
0.05 
0.03 
0.05 

co.01 
co.01 

0.03 
0.03 
0.05 
0.04 
0.04 
0.03 

CO.01 
0.04 
0.03 
0.06 
0.03 
0.14 
0.03 
0.03 
0.03 
0.03 

co.01 
co.01 

<lo 

:i 
(10 

E 
<lo 

10 
<lo 
x10 
<lO 
<lo 
<lo 
<lo 
a0 
<lo 
<lo 
(10 

20 
a0 
<lo 

:8 

21: 
Cl0 

ii 
10 

<lo 
10 

<lo 
Cl0 
<lo 
<lo 
Cl0 

10 
a0 

10 
Cl0 
<lo 
Cl0 
Cl0 
<lo 
<lo 
<lo 
<lo 
Cl0 

10 
(10 
(10 

10 

:"o 
Cl0 

:: 
<lo 

10 
<lo 

10 
10 

70 
<lo 

:: 

1:: 
<lo 
(10 

;I 

<lO 

E 
110 

20 
10 

a0 

2 
(10 
140 

5: 

:8 
150 

Ti 
a0 

:8 

$I 

:: 

1:: 
<lo 

20 
(10 
x10 
100 
<lo 

lt?l 

ii8 

:i 
60 
70 
80 

<l(r 
110 

80 

;i 
80 

ii 
20 

=The alpha-numeric grid used in this table is based on the identification of vertical steel 
columns as shown on building drawings. Columns running south-to-north in the operational area 
are labelled 15-27, while columns running west-to-east are labelled G-T. Where a notation such 
as 164, or J$, etc. appears in this table, the measurement location is midway between columns 
16 and 17, and J and K, respectively. 
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Storm Drains, Sumps, Manholes', and Pipe Chase 

Included in this survey was an investigation of the building storm 

drain, and a 42-in.-diam sump located inside-the building. Only water 

from the roof drains into the storm system. Sampling points are shown 

in Fig. 1. Scale which had accumulated throughout the years was sampled 

at point 1 during the initial survey. Only water samples were collected 

from the drain at points 2 and 3 in November, 1976, and in February, 

1977. Results of the sample analyses revealed uranium concentrations in 

water ranging from 5 pCi/L to 1800 pCi/L and in solids ranging from 

0.1 pCi/g to 1500 pCi/g. Results of these spot samples are presented in 

Table 5. When the survey of this facility was conducted on March 2, 1977, 

900 gal of water was flushed into the drain at point 1 on Fig. 1. One 

water sample was collected at point 2 (Fig. 2) prior to the arrival of 

the 900-gal flush, and five water samples were collected at 1-min inter- 

vals at this same point as water was flowing through the system. Results 

of sample analyses are presented in Table 6. Although only minor amounts 

of uranium contamination were found in these six samples, it may be 

assumed that, during periods of heavy rains, varying quantities of 

uranium will be flushed from this drain. 

-Alpha and beta-gamma direct readings were made on interior surfaces 

inside the drain access at point 1 in Fig. 1 during the initial survey. 

No detectable alpha readings above instrument background were noted. 

However, the beta-gamma reading on accessible drain surfaces was 

0.05 mrad/h as measured with a portable Geiger-Mueller (G-M) survey 

meter. This area was cleaned before the second survey. No readings 

above instrument background were found at that time. 

Water and solid matter were sampled from a 42-in.-diam underground 

sump located midway between building grids 18 and 19 and midway between 

N and 0. These samples were analyzed for uranium. Results are pre- 

sented in Table 7. 

All samples from both the storm drain and the sump were analyzed 

for uranium utilizing a neutron-absorption technique whereby delayed 

neutrons from the fission of 235U in the irradiated samples are counted 

to determine the concentration of uranium.3 This technique has a 

sensitivity of parts per billion (ppb), and it is used routinely to 



Table 5. Uranium concentration in water and sediment samples collected in building . 
storm drain manholes 

Date of sample 
Location 

of 
manholesa 

Type of sample 

Concentration of 238U 

Water Solids 
(pCi/L) Wi h) 

August, 1976 1 Solids we 1500 

November, 1976 1 Solids -- 500 

November, 1976 2 Water and precipitate 1800 160 

November, 1976 3 Water and precipitate <5 0.1 

February, 1977 1 Water and precipitate 5 700 

w 
w 

aSee Fig. 1. 



Table 6. Uranium concentration in samples collected from point 2, Fig. 1 of building roof 
storm drain as a function of time after dumping 900 gal of water into manhole at 

Point 1, Fig. 1 

Date of sample 
Time after 

flushing 
Type sample 

Water Solids 
(pCi/L) (PCi’/d 

March, 1977 0 min Water and precipitate 0.9 <0.02 

March, 1977 1 min Water and precipitate 2.0 0.02 

March, 1977 2 min Water and precipitate (1 0.01 

March, 1977 3 min Water and precipitate 5.0 0.02 

March, 1977 4 min Water and precipitate 5.0 0.02 

March, 1977 5 min Water and precipitate 4.0 0.07 

I 



Table 7. Uranium concentration in water collected from underground 
sump tank inside building 

Date of sample Type of sample Water Solids 
(pCi/L) W/g) 

August, 1976 Water and precipitate 40 110 

February, 1977 Water and precipitate 

February, 1977 Scale from edge of tank 350 
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a detect normal concentrations or uranium normally found in terrestrial 

samples. 

During,the most recent survey of the facility, the 42-in.-diam sump 

was pumped of contents, and debris was collected for further analysis. 

This debris consisted of sludge, etc., backed up into two drains which 

entered the sump from an eastward and a westward direction. Results of 

analysis of these samples gave 21,000 and 11,000 pCi/g of 238U, respec- 

tively. 

Direct radiation levels were measured inside all manholes, floor 

drains, roof drain downspouts at cleanout plugs, inside sumps, and in 

the pipe chase. Measurements included (1) gamma radiation exposure 

rate, (2) direct b t e a-gamma dose-rate measurements at 1 cm from sur- 

faces, and (3) direct alpha radiation measurements. Samples of dirt, 

crud, scale, water, and oil were collected from these areas and returned 

to ORNL for analysis. 

Results of direct gamma-ray exposure rate, directbeta-gamma dose 

rate at 1 cm from surfaces, and direct alpha radiation levels for all 

drains, manholes, sumps, and inside roof drain downspouts are shown in 

Table 8. Results of the survey made inside the pipe chase are shown in 

Table 9. Results of analysis of samples of dirt, crud, scale, etc., 

collected from inside manholes, floor drains, roof drain downspouts, and 

debris in general, collected elsewhere in the facility, are reported in 

Table 10. Results of analysis of water and oil samples collected from 

sumps, manholes, etc., are shown in Table 11. 

Core Hole Sampling 

After learning that service pits had existed beneath the extruder 

facility, a decision was made to investigate these areas. In order to 

do this, it was necessary to drill holes through the existing surface 

into the former pit areas. Additionally, after finding elevated direct 

radiation levels inside the bottom of the 42-in.-diam circular sump, a 

decision was made to drill core holes near it in order to determine if 

any radioactive material may have seeped from or into this sump. Loca- 

tions of all core holes drilled are shown in Fig. 5. 
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Table 8. Results of direct radiation measurements in drains, manholes, sumps, and 
inside roof drain downspouts 

Gamma radiation 
level (uR/h) 

Location 
Shown 

on 
figure 

Drain 
code 

Top 
of 

drain 

15 to 100 Beta-gamma dose Direct alpha 
cm below rate at 1 cm reading drain 
surface (mrad/h) (dpmI100 cm*) 

Roof drain 5 RDIC 

Roof (original drain 
from roof to floor) 

Roof drain 

East slope of loading 1 Manhole 27 
dock, north side (halfway 
of plant to bottom) 

NE corner of office 1 Storm 
area sewer 

manhole 

North end of building: 

%K27 5 Manhole 
Ml 

-P19 

NW corner, 5 FOl= 
process area 

15' East of FDl 

70' South of FDl 

5 FD2 

5 FD3 

RD2 

RD3 

.s Manhole 
Ml5 

14 

11 

(f& of 
cleanout 

plug) 

8 

8 

9 

8 

(Z'liown) 

11 

(0.3 down) 

(1.3! down) 

(aGage 1' 
to 4Js'down) 

(aGage 1' 
&' down) 

11 
(average 
1’ to 5’ 
down) 

(bo::om) 

(bittom) 

14 
(average 1' 

down to 
bottom) 

(avefige 1’ 
down to 
bottom) 

0.02 (20 

0.25 (20 

2.0 530b 

0.02 

0.05 
(inside 

plug) 

0.01 

13Dd 
(inside 

walls) 

45 
'(inside 

plug) 

45 
(inside 

plug) 

0.03 __ 

(bottom) , 

0.10 
(bottom) 

-- 

0.02 90 

0.03 3.20e 

. 
I 
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Table 8. (continued) 

Gamma radiation 
level (pR/h) 

Location 
Shown 

on 
figure 

Drain 
code 

Top 15 to 100 
Of cm below 

drain surface 

Beta-gamma dose Direct alpha 
rate at 1 cm reading drain 

(mrad/h) (dpm/lOO cm') 

*L19 5 Manhole 
Ml6 

Below floor 

Inside circular 42" 
diam sump 

5 

5 

Circular 42" 
diam concrete 

SURD 

East drain 

West drain 

East slope of loading 1 Sump SPl' 
dock, north side of 
plant 

West of office AICA 1 Sump SP2 

9 96 
(4" from 

bottom) 

280 
(on bottom 

in water) 

15-150 
(1' down to 

bottom) 

10 14 
(average 1' 

down to 
bottom) 

23 
(average 1' 

to 8' down) 

1.0 5009 
(iron band (maximum on 

around tank) sides of tank) 

2.0 
(inside drain) 

1.5 
(inside drain) 

-- -- 

-- -- 

a 
FD = floor drain. 

b A smear sample taken from the lip of drain showed 85 dpm transferable alpha contamination and 150 dpm 
transferable beta contamination. 

>D = roof drain. 

A smear sample taken from inside walls showed 3 dpm transferable alpha contamination and 80 dpm transfer- 
able beta contamination. 

eA smear sample taken around lip of drain showed 6 dpm transferable alpha contamination and 60 dpm trans- 
ferable beta contamination. 

f A smear sample taken around lip of drain showed 90 dpm transferable alpha contamination and 60 dpm trans- 
ferable beta contamination. 

gA smear sample taken from sides of tank showed 25 dpm transferable alpha and 190 dpm transferable beta 
contamination. 



Table 9. Results of direct radiation measurements in the pipe chase 

Location 

External gamma at 
Direct alpha 1 m above bottom 

Beta-gamma dose contamination level of floor of chase 
rate at 1 cm 

(mrad/h) 
(dpm/lOO cm2) (vR/h) 

Average Maximum Average Maximum 

Sample point 1, far west end 0.13 100 800 -- a 36 

Sample point 2, 40' east of 0.23 180 700 36 36 
west end of pipe chase 

Sample point 3, 75' east of 0.02 180 350 -- 14 
west end of pipe chase 

Sample point 4, 155' east of 0.02 70 180 13 13 
west end of pipe chase 

Sample point 5, 235' east of 
west end of pit 

0.02 (20 90 -- 13 

"Absence of data value indicates that no measurement was taken in this block during this 
particular survey. 
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Table 10. Results of analysis of dirt, crud, scale, etc., collected 
from manholes, floor drains, pipe chase, roof downspouts,. etc. 

Sample Survey location shown in 'Fig. 5 
238U concentration 

Wih) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Lip of Ml6 

Bottom, Ml6 

Bottom, Ml 

FDl - 

FD3. 

Ml5 

East drain, entering bottom of 42" sump 

West drain, entering bottom of 42" sump 

Bottom, 42" sump 

Overhead beam at N15 

Crud, lip FD3 

Storm sewer manhole, at NE corner office 
area (see Fig. 1) 

Lip, FD2 

Sample point 1, pipe, chase 

Sample point 2, pipe chase 

Sample point 2, top of cross members 

Sample point 3, pipe chase 

Sample point 4, pipe chase 

Sample point 5, pipe chase 

5,600 

15,000 

7 

20 

11,000 

260 

21,000 

11,000 

70 

440 

8,100 

210 

480 

710 

260 

510 

50 

6 

0.8 
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Table 11. Results of analyses of oil and water samples from 
sumps and manholes 

Sample Survey location (see Fig. 5) 
238U concentration 

(pCi/L) 

1 

2 

3 

4 

5 

6 

7 Water from manhole 16 

8 Oil from on top water in sump 3, outside 
at north side of building (see Fig. 1) 

9 

10 

11 

12 Water from core hole 5, inside plant 

Bottom, 42" diam sump 

Oil on top of water in 42" diam sump 
(before pumped) 

Oil and water from 42" diam sump 
(before pumped) 

Water from 42" diam sump after 935 gal 
pumped out 

Water from 42" diam sump after 1,375 gal 
pumped out 

Oil from east drain to 42" diam sump 
(after pumped) 

Water from sump 3 

Water from storm drain manhole, east slope 
of loading dock, north side building 

Water from storm drain manhole, NE corner 
office area 

30 

170 

770 

50 

580 ' 

4,100 

640 

9,700 

6 

CO.1 

1.0 

10 
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Holes were drilled with a motorized rig equipped with a 7-in.-diam 

auger, and ranged in depth from 4 ft to a maximum of 13-l/2 ft. The 

depth chosen was dependent upon location with respect to old service 

pits and where bottom concrete pit floors were found. A plastic pipe 

with a 4-in. outer diam was placed in each hole, and a NaI scintillation 

probe was lowered inside the pipe. Measurements were made both with an 

unshielded and a shielded probe. The shielded probe was encased in a 

lead shield with narrow slits on the side. This arrangement allowed 

measurements of gamma radiation intensities resulting from contamination 

within small fractions of the hole depth. Measurements were usually 

made at 1-ft intervals. 

Random soil and debris samples were taken from each hole and analy- 

zed for uranium. In addition, some samples from specific depths were 

collected and analyzed. Results of the analyses of these samples are 

,shown in Table 12. As discussed in Appendix IV, these samples were used 

to estimate the distribution of 238U contamination in the service pits 

based on the gamma-ray logging of augered holes. Results of these 

estimates are given in Table 13. It should be borne in mind that the 

sources of error discussed in Appendix IV limit the interpretation of 

this table to providing an indication of the location and relative mag- 

nitude of 238U contamination present in the service pits. 

Airborne Radioactivity 

High-volume air samples were taken during the initial survey period. 

Samples were normally taken for 2 to 3 hours in the morning and after- 

noon. A Staplex model TF-1A sampler was used with Whatman No. 4 filter 

paper. Details of the sampling periods, location, and analysis for 

total uranium are presented in Table 14. In the analysis of sample 1, 

it was seen that the 23sU concentration (atom percent) was 12.96. This 

high value was attributed to the small quantity of uranium actually 

sampled. The concentration of 238U is given in Table 15. The concen- 

tration guide (CG) for uranium in air is 3 x lo-l2 pCi/ml for continuous 

nonoccupational exposure. It is seen, therefore, that during the period 

of sampling, the concentration of uranium in air ranged from a low of 
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Table 12. Results of analyses of soil samples from core holes 

Location Description of sample 
shown in collection area or 23gU concentration 

Fig. ga depth collected W-i/g) 

Hl 

H2 

H3 

H4 

H5 

H6 

H7 

H8 

H9 

HlO 

Hll 

H12 

Random 

Randon 

Random 

O-2" (concrete) 

Random 

7"-13" 

13"-19" 

19"-31" 

31"-43" 

43"-54" 

Random 

Random 

Random 

Random 

Random 

Random 

Random 

Bottom 

Concrete 

7”-13” 

13"-19" 

19"-31" 

31"-43" 

43"-55" 

2.0 

15 

0.9 

0.5 

6.6 

3.9 

2.0 

2.7 

11 

21 

1.0 - 

0.9 

9.1 

1.2 

0.7 

0.6 

100 

210 

0.4 

27 

7.2 

5.4 

24 

20 

H13 

55"-63" 1.0 

Random 1.5 

Random 1.7 

'Sample code numbers are identical to core hole numbers. 
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Table 13. Estimates of 238U concentration in material in 
service pits based on augered hole gamma-ray loggings 

Location shown Depth 
in Fig. 9 (ft) 

e i 

H2 

H3 

H4 

H5 

0 <l 
1 2 
2. 2 
3 2 
4 2 
5 2 
6 4 
6.5 5 

0 (1 
1 6 
2 6 
3 5 
4 4 
5 4 
6 4 
7 3 
8 3 
9 2 

10 2 
11 2 
12 3 

(1 
5 
7 
7 
7 
4 
3 
3 

2 
9 

10 
9 
7 
7 

3 
5 
8 
9 
7 
9 



Tab le 13. (cant inued) 

H5 (cont'd) 6 8 
7 8 
8 a 
9 8 

10 9 
11 11 
12 10 
13 7 
13.5 7 

H6 0 4 
1 4 
2 7 
3 8 
4 8 
5 9 
6 9 
7 9 . 
8 9 
9 7 

10 9 
11 10 
12 9 
12.5 10 
13 7 
14. 1 
15 1 
16 1 
17 1 
18 1 

H7 0 1 
1 7 
2 6 
3 6 

H8 0 1 
1 9 
2 11 
3 12 
4 11 
5 9 

H9 0 (1 
1 5 
2 5 

45 

Location shown Depth 23q 

in Fig. 9 (ft) Wih)a 
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Table 13. (continued) 

Location shown Depth 
in Fig. 9 (ft) 

2381) 

(pCVg)a 

H9 (cont'd) 3 5 
4 5 
4.5 3 

HlO 

Hll 

H12 

H13 

0 1 
1 2 
2 4 
3 4 
4 4 
4.5 3 
5 3 

0 1 
1 2 
2 4 
3 4 
4 6 
5 9 
6 9 
7 10 
8 20 
8.5 30 

0 3 
1 11 
2 10 
3 13 
4 14 
5 12 
6 11 
7 12 
8 12 
a.5 12 

0 <l 
1 1 
2 2 
3 2 
4 2 
4.5 2 
5 4 

'Estimates are based on interpretation of hole log- 
gings described in Appendix IV. Error of these estimates 
is about 200% for this technique. 



Table 14. Total uranium concentration in high volume air samples 

Total 
Uranium analysis 

Time 
Sample 

flow 
atomic percent 

Date 
Total U Grid 

Start stop (liters) 234~ 235~ 238~ (K3) location 

1 8/17/76 10:55 13:55 7.1x104 0.021 12.96 87.00 0.60 19 X N 

2 8/17/76 13:57 17:13 7.8~10~ 0.005 0.722 99.27 14.9 19 X N 

.3 8/18/76 lo:oo 13:05 7.3x104 0.015 0.860 99.12 0.43 19 X H 

4 8/18/76 13:15 17:07 9.2x104 0.007 0.723 99.27 277.0a 19 X H 

5 8/19/76 8:20 10:34 5.3x104 0.019 0.792 99.19 0.39 19 X G 

6 8/19/76 10:34 12:45 5.20x104 0.014 0.721 99.26 1.39 19 X G 

aOne may conclude that physical activity due to the conduct of the survey by personnel and 
mobile equipment (i.e., moving vehicle used for surveying overhead structures) as the day pro- 
gressed could have resulted in the higher air activity levels for later periods during the day 
as material may have become airborne. 
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Table 15. 238U concentration in high volume air samples 

Sample 
Grid 

location 

238~ 

,(l-rCi > 
pCi/ml 

1 19 x N 1.7 x 10" 2 x 10-1s 

2 19 x N 4.9 x 10'6 6 x lo-l4 

3 19 x H 1.4 x 10" 2 x 10-1s 

4 19 x H 9.2 x 10-s 1 x 10-12 

5 19 x G 1.3 x 10" 2 x 10-1s 

6 19 x G 4.6 x 10" 9 x 10-1s 

RCG Air = 3 x 10-12 
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l 0.06% to a high of 33.2% of the concentration guide. Because of the 

short-term nature of these samples, it is'not possible to determine an 

annual average concentration for airborne uranium. 

Alpha and Beta-Gamma Readings on the Roof 

Measurements were made on the roof of this facility. A scan of the 

flat roof surfaces and drain troughs with a G-M survey meter and random 

measurements with a portable alpha scintillation detector did not reveal 

readings which were higher than the instrument background readings. 

. There were two areas where off-gas ducts, blowers, and tie-down anchors 

had been mounted during operational periods. This equipment was removed 

at the time the plant was decommissioned. Readings on exterior surfaces 

of the covers of feed-through sleeves for the ducts averaged less than 

100 dpm/lOO cm2 alpha, and beta-gamma readings were less than 0.02 mrad/h. 

Interior surfaces of these feed-through sleeves were also monitored. 

Readings here averaged 300 dpm/lOO cm2 alpha and 0.05 mrad/h beta-gamma. 

On-Site Soil Samples 

A random sample of surface soil was collected on each of three sides 

of the plant building (see Fig. 1) during the first survey and returned 

to ORNL for analysis. Each sample was dried overnight at llO°C in order 

to remove moisture, pulverized to a particle size of 500 pm, packaged in 

plastic counting vials, and'stored for equilibration of radon daughter 

products. The samples were then analyzed using gamma-spectroscopy tech- 

niques.4 Radionuclides which were sought specifically included 22sRa 

and 232Th. Analysis for 238U was done as described earlier. The 

results of these samples are given in Table 16. 

A survey of the open land area north of the building was conducted 

(see Fig. 6). This survey included (1) gamma-ray exposure-rate measure- 

ments made 1 m above the ground, (2) beta-gamma dose-rate measurements 

at 1 cm from the ground surface, and (3) collection of a sample of soil 

at each grid point shown. Results of this survey are shown in Table 17'. 
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Table 16. Analysis of on-site soil samples 

Nuclide concentration in (pCi/g) 

22sRa 232Th 238~ 

Soil ADS19 

Soil ADS20 

Soil ADS21 

0.57 l!I 0.05 

0.65 f 0.05 

0.98 + 0.03 

0.42 zk 0.04 

0.51 + 0.06 

0.62 + 0.07 

3.4 2 0.6 

6.9 + 1.4 

1.8 + 0.8 

aSee location in Fig. 1. 
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Table 17. Results of measurements in open land area north of building 

Surface 
samplea 

External gamma Beta-gamma dose 
radiation level rate at 1 cm from 238U concentration 

location at 1 m (uR/h) surface (mrad/h) (PWg) 

ADS1 

ADS2 

ADS3 

ADS4 

ADS5 

ADS6 

ADS7 

ADS8 

ADS9 

ADS10 

ADS11 

ADS12 

ADS13 

ADS14 

ADS15 

ADS16 

ADS17 

ADS18 

11 

13 

12 

11 

12 

11 

15 

12 

12 

13 

14 

13 

11 

12 

12 

12 

11 

12 

0.02 

0.02 

0.02 

<O.Ol 

0.02 

0.02 

0.02 

0.03 

0.01 

0.01 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

1.4 

1.9 

1.7 

1.5 

1.4 

1.0 

2.0 - 

1.1 

1.7 

0.7 

0.9 

1.0 

1.1 

1.0 

1.0 

1.0 

0.9 

1.0 

aSee Fig. 6. 
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Off-Site Background Soil Samples 

Four samples of soil were collected from the surface at points up 

to several miles from the Bridgeport Brass facility. These samples were 

prepared in the same way as those obtained on site, and they were analy- 

zed using gamma scintillation and neutron absorption techniques. Results 

are presented in Table 18. A comparison of the information in Tables 16, 

17, and 18 suggests that some residual uranium may be found on the sur- 

face of the ground around the immediate vicinity of the main building. 

Although the uranium content of on-site samples was slightly higher than 

that observed in samples from off the site, the uranium concentration is 

within the normal terrestrial range for large portions of the United 

States. 

SIGNIFICANCE OF FINDINGS 

At the request of DOE (then ERDA), a comprehensive radiological 

survey was conducted in August, 1976, in the operational areas of the 

former Bridgeport Brass Company Special Metals Extrusion Plant in 

Adrian, Michigan. 

Included in this survey were measurements of residual uranium con- 

tamination on building surfaces, external gamma-ray exposure rates in 

the operations area 1 m above the floor, high-volume air samples in the 

operations area, uranium in water and residues from underground tanks 

and drains, and the analysis of uranium, radium, and thorium in samples 

of soil from on-site and off-site locations. 

During the initial survey of the facility, residual contamination 

in excess of NRC guidelines was found on several sections of the floor. 

Equipment which had been stored in this area was removed, and contami- 

nated areas were cleaned by General Motors. Also, during the initial 

survey, several ducts used for exhaust in the extrusion and cutting 

operations were found to be contaminated with uranium (up to 7.5% 

uranium in scale scrapings from inside these ducts). These ducts were 

subsequently removed by General Motors and sent to Fernald, Ohio, for 

disposal along with other contaminated material collected during General 

Motors' early cleanup. When a subsequent survey was performed in March, 
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Table 18. Analysis of off-site background soil samples collected 
in the vicinity of Adrian, Michigan 

Sample location 
Nuclide concentration in (pCi/g) 

22sRa 232Th 2381) 

Junction of Wellsville 
and Deerfield Roads 

2.0 0.4 0.9 

Junction of Bent Oak 
and Shepherd Roads 

1.5 0.8 1.1 

Junction of Forrester 
and Townline Roads 

1.5 0.7 1.1 

Junction of Gorman 
and Baker Roads 

1.2 0.5 0.7 
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1977, all areas of the floor and overhead structural members were found 

to be within the guidelines used for the release of decontaminated 

facilities for unrestricted use. However, some areas below the floor 

level were found to be contaminated with uranium. 

The concentration of uranium in water and residue removed from a 

42-in.-diam. circular underground sump ranged from 20 to 40 pCi/L in 

water and from 110 to 350 pCi/g in residue and scale collected from 

upper horizontal edges around the inside top of this tank. Most of the 

scale which had accumulated in this area was included in the sample. 

When the most recent survey of the facility was conducted in April, 1979, 

further investigation of this sump produced an oily sample from an east 

drain near the bottom which gave 4100 pCi/L of 238U. This same drain 

contained residue and scale which contained 21,000 PC-i/g of 238U. Mate- 

rial from the sump's west drain contained 11,000 pCi/g. Material col- 

lected from the bottom of manhole Ml6 (see Fig. 5) gave 15,000 pCi/g of 

2381). Liquid from a sump located on the north loading dock area con- 

tained 9700 pCi/L. Samples collected from an underground storm drain 

contained from 5 to 1800 pCi/L in water and from 0.1 to 1500 pCi/g in 

solid residue. During the survey, 900 gal of water were flushed down 

the storm system to determine if significant quantities of material were 

removed from the drain during heavy rains. Results of analyses on sam- 

ples collected during the flushing revealed only minor concentrations of 

uranium in the water. Material from core holes drilled into areas under 

the floor formerly serving as extruder service pits contained up to 

210 pCi uranium per gram of debris from the former concrete floor 

surfaces. 

Air samples collected in the former extrusion area were analyzed 

for uranium. Although the sampling period was too short to establish an 

annual average concentration, the airborne uranium concentration ranged 

from 0.06 to 33% of the concentration guide for continuous nonoccupa- 

tional exposure. 

Samples of soil were collected on the surface near the main plant 

building and at four locations off the site ranging up to 5 miles dis- 

tance. A comparison of the concentration of uranium in these samples 

suggests that minute quantities of residual uranium may exist on the 
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surface near the plant due to deposition of material exhausted from 

blowers during extrusion and cutting operations. However, the on-site 

uranium concentration remains small and is within the normal terrestrial 

distribution of uranium for large portions of the United States. 

An evaluation has been made of current radiation exposures at the 

former Bridgeport Brass site and is presented in Appendix V of this 

report. The purpose of this evaluation is to present information which 

will permit the reader to compare current radiation exposures from the 

site to normal background exposures for Michigan, as well as to scien- 

tifically based guideline values established for the protection of 

radiation workers and members of the general public. 
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The instructions in this guide in conjunction with Table I-l specify the 

radioactivity and radiation exposure rate limits which should be used in 

accomplishing the decontamination and survey of surfaces or premises and 

equipment prior to abandonment or release for unrestricted use. The 

limits in Table I-l do not apply to premises, equipment, or scrap con- 

taining induced radioactivity for which the radiological considerations 

pertinent to their use may be different. The release of,such facilities 

or items from regulatory control will be considered on a case-by-case 

basis. 

1. The licensee shall make a reasonable effort to eliminate residual 

contamination. 

2. Radioactivity on equipment or surfaces shall not be covered by 

paint, plating, or other covering material unless contamination 

levels, as determined by a survey and documented, are below the 

limits specified in Table I-l prior to app 1, ying the covering. A 

reasonable effort must be made to minimize the contamination prior 

to use of any covering. 

3. The radioactivity on the interior surfaces of pipes, drain lines, 

or ductwork shall be determined by making measurements at all 

traps, and other appropriate access points, provided that contamina- 

, tion at these locations is likely to be representative of contamina- 

tion on the interior of the pipes, drain lines, or ductwork. 

Surfaces of premises, equipment, or scrap which are likely to be 

contaminated but are of such size, construction, or location as to 

make the surface inaccessible for purposes of measurement shall be 

presumed to be contaminated in excess of the limits. 

4. . Upon request, the Commission may authorize a licensee to relinquish 

possession or control of premises, equipment, or scrap having 

surfaces contaminated with material in excess of the limits specified. 

This may include, but would not be limited to, special circumstances 

such as razing of buildings, transfer or premises to another organi- 

zation continuing work with radioactive materials, or conversion of 

facilities to a long-term storage or standby status. Such request 

must: 
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Provide detailed, specific information describing the premises, 

equipment or scrap, radioactive contaminants, and the nature, 

extent, and degree of residual surface contamination. 

Provide a detailed health and safety analysis which reflects 

that the residual amounts of material on surface areas, 

together with other considerations such as prospective use of 

the premises, equipment or scrap, are unlikely to result in an 

unreasonable risk to the health and safety of the public. 

Prior to release of premises for unrestricted use, the licensee 

shall make a comprehensive radiation survey which establishes that 

contamination is within the limits specified in Table I-l. A copy 

of the survey report shall be filed with the Division of Fuel Cycle 

and Material Safety, USNRC, Washington, D.C. 20555, and also with 

the Director of the Regional Office of the Office of Inspection and 

Enforcement, USNRC, having jurisdiction. The report should be 

filed at least 30 days prior to the planned date of abandonment. 

The survey report shall: 

a. Identify the premises. 

b. Show that reasonable effort has been made to eliminate residual 

contamination. 

C. Describe the scope of the survey and general procedures 

followed, 

d. State the findings of the survey in units specified in the 

instruction. 

Following review of the report, the NR& will consider visiting the - 

facilities to confirm the survey. 
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Excerpts from 

Proposed 

ANSI N328-197 

Proposed American National Standard 

Control of Radioactive Surface Contamination 

on Materials, Equipment, and Facilities to be 

Released for Uncontrolled Use 

Secretariat 

Health Physics Society 
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Property shall not be released for uncontrolled use unless docu- 

mented measurements show the total and removable contamination levels to 

be no greater than the values in Table I-2 or Table I-3 (Table I-3 is 

easier to apply when the contaminants cannot be individually identified.) 

Where potentially contaminated surfaces are not accessible for 

measurement (as in some pipes, drains, and ductwork), such property 

shall not be released pursuant to this standard, but made the subject of 

case-by-case evaluation. Credit shall not be taken for coatings over 

contamination. 
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The levels may 
in any area of 

Table I-2: Surface contamination limits 

be averageda over the 1 m2 provided the maximum activity 
100 cm2 is less than 3 times the limit value. 

Nuclide 

Groug 1: 
MPC 

Nuclides for which the nonoccupational 
is 2 x lo-l3 Ci/m3 or less or for which the 

nonkcupational MPC ' is 2 x low7 Ci/m3 or less; 
includes AC-227; Amz241; -242m, -243; Cf-249; 
-250, -251, -252; Cm-243, 
-248; I-125, 

-244, -245, -246, -247, 
-129; Np-237; Pa-231; Pb-210; Pu-238, 

-239, -240, -242, -244; Ra-226, -228; Th-228, -238.d 

Group 2: Those nuclidesbnot in Group 1 for which 
the nonoccupational MPC is 1 x lo-l2 Ci/m3 or 
less or for which the n&occupational MPC ' is 
: ;2~0-~1~f/m3 or less; includes Es-254; 'Fm-256; 

U-2321d ' 
-133; PO-210; Ra-223; Sr-90; Th-232; 

Group 3: 
Group 2. 

Those nuclides not in Group 1 or 

Limit (activity) 
dpm/lOO cm2 

Total Removable 

100 20 

1000 200 

5000 1000 

aSee note following table on applications of limits. 

bMPC : Maximum Permissible Concentration in Air applicable to 
continuou!? exposure of members of the public as published by or derived # 
from an authoritative source such as NCRP, ICRP, or NRC (10 CFR 20, 
Appendix B, Table 2, Column 1). 

%PC : Maximum Permissible Concentration in Water applicable to 
members oY the public. 

dValues presented here are obtained from 10 CFR 20. The most 
limiting of all given MPC values (e.g., 
used. 

soluble vs. insoluble) are to be 
In the event of the occurrence of a mixture of radionuclides 

the fraction contributed by each constituent of its own limit shall'be 
determined and the sum of the fractions must be less than one. 
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Table I-3. Alternate surface contamination limits 

(All alpha emitters, except U-nat and Th-nat are considered as a group.) 
The levels may be averaged over 1 m2a provided the maximum activity in 
any area of 100 cm2 is less than 3 times the limit value. 

Nuclide 
Limit (activity) 

dpm/lOO cm2 

Total Removable 

If the contaminant cannot be identified; or 
if alpha emitters other than U-nat and Th-nat 

or if the beta emitters comprise 
100 20 

are present; 
AC-227, Ra-226, Ra-228, I-125, and I-129. 

If it is known that all alpha emitters are 
generated from U-nat and Th-nat; and beta 
emitters are present which, while not 
identified, do not include AC-227, I-125, 
I-129, Ra-226, and Ra-228. 

1000 200 

If it is known that alpha emitters are 
generated only from U-nat and Th-nat; and 
the beta emitters, while not identified, 
do not include AC-227, I-125, I-129, Sr-90, 
Ra-223, Ra-228, I-126, I-131, and I-133. 

5000 1000 

aNote on application of Tables I-2 and I-3 to isolated spots 
or activity: 

For purposes of averaging, any m2 of surface shall be considered to be 
contaminated above the limit, L, applicable to 100 cm2 if: 

a. From measurements of a representative number, n, of sections,.it 
is determined that l/n $Si 1 L, where Si is the dpm/lOO cm2 determined 

from measurement of section i; or 

b. On surfaces less than 1 m2, it is determined that l/n ;Si 1 AL, 
where A is the area of the surface in units of m2; or 

C. It is determined that the activity of all isolated spots or 
particles in any area less than 100 cm2 exceeds 3L. 
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APPENDIX II 

DESCRIPTION OF RADIATION SURVEY METERS 

AND SMEAR COUNTERS 
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RADIAiIOt'i SURVEY METERS 

Alpha Survey Meters 

Two types of alpha survey meters are used to measure alpha radio- 

activity on surfaces. One type of instrument uses a ZnS scintillator 

and the other uses a gas-flow proportional counter to detect the alpha 

radiation. 

The alpha scintillation survey meter consists of a large area 

(100 cm2) ZnS detector with a photomultiplier tube in the probe which is 

coupled to a portable scaler/ratemeter (see Fig. II-l). The ZnS detec- 

tor is covered with a 0.28-mil aluminized mylar sheet in order to make 

the instrument light-tight. The mylar, in turn, is covered with a grid 

to prevent puncturing the detector when surveying over rough surfaces. 

This instrument is capable of measuring alpha surface contamination 

levels of a few dpm/lOO cm2 but must be used in the scaler mode for this 

purpose. It is highly selective for densely ionizing radiation such as 

alpha particles'; the instrument is relatively insensitive to beta and 

gamma radiation. 

The gas-flow proportional counter uses propane gas as the detection 

medium. Through front panel meter readings, it can be used to measure 

alpha contamination levels from a few hundred dpm/lOO cm2 to several 

hundred thousand dpm/lOO cm2. If individual pulses are counted, this 

instrument can also be used for measurements down to a few dpm/lOO cm2. 

The probe has a surface area of approximately 61 cm2 and has a 0.25-mil 

aluminized mylar covering with a protective grid. Due to the protective 

grid, the active area of the probe is 50 cm2. It is relatively insen- 

sitive to other than alpha radiation. This instrument, shown in 

Fig. II-Z, is manufactured by the Eberline Instrument Company as their 

model PAC-4G meter with a probe. 

Both of these instruments are calibrated 

sources. While each instrument is individual 

factors are typically 5-6 dpm/cpm. 

at ORNL using 23gPu alpha 

ly calibrated, the calibrat ion 



ORNL-Photo 6707-76 

Fig. II-l. Alpha scintillation survey meter. 



ORNL-Photo 6715-76 

Fig. 11-2. Gas-flow proportionql alpha survey meter. 
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Beta Survey Meter 

A portable Geiger-Mueller (G-M) survey meter is the primary instru- 

ment for measuring beta-gamma radioactivity. The G-M tube is a halogen- 

quenched stainless steel tube having a 30 mg/cm2 wall thickness and 

presenting a cross-sectional area of approximately 10 cm2. Since the 

G-M tube is sensitive to both beta and gamma radiation, measurements are 

taken in both an open-window and a closed-window configuration. Beta 

radiation cannot penetrate the closed window, and, thus, the beta 

reading can be determined by taking the difference between the open- and 

closed-window readings. This meter is shown in Fig. 11-3. 

The G-M survey meter was calibrated at ORNL for gamma radiation 

using an NBS standard radon source. The gamma calibration factor is 

typically of the order of 2,600 cpm mR/h. 

In order to assess beta-gamma surface dose rates from uranium- 

contaminated surfaces using this instrument, a'field calibration was 

performed. The G-M survey meter was compared with a Victbreen Model 440 

ionization chamber (see Fig. 11-4) and was found to produce 1,750 cpm 

per mrad/h with a 25% standard deviation for a wide variety of surfaces, 

including concrete, wood, pavement, bricks, and steel beams. 

Gamma Scintillation Survey Meter 

A portable survey meter using a NaI scintillation probe is used 

to measure low-level gamma radiation exposure. The scintillation probe 

is a 3.2 x 3.8-cm NaI crystal coupled to a photomultiplier tube. This 

probe is connected to a Victoreen Model Thyac III ratemeter (see 

Fig. 11-5). This unit is capable of measuring radiation levels from a 

few pR/h to several hundred uR/h. This instrument is calibrated at 

ORNL with an NBS standard 226Ra source. Typical calibration factors are 

of the order of 300 cpm per uR/h. 
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ORNL-Photo 6704-76 

Fig. 11-3. Geiger-Muller survey meter. 
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ORNL-Photo 6710-76 

Fig. 11-4. Victoreen model 440 ionization chamber. 
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ORNL-Photo 6705-76 

Fig. 11-5. Victoreen model Thyac III rate-meter. 
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SMEAR COUNTERS 

Alpha Smear Counter 

This detector assembly, used for the assay of alpha emitters on 

smear paper samples, consists of a light-tight sample holder, a zinc 

sulfide phosphor, and a photomultiplier tube. This detector assembly 

was used with electronic components housed in a portable NIM bin (see 

Fig. 11-6). The electronics package consisted of a preamplifier, an 

ORTEC 456 high voltage power supply, a Tennelec TC 211 linear amplifier, 

and a Tennelec TC 545 counter-timer. 

The alpha smear counter was used in the field and was calibrated 

daily using an alpha source with a known disintegration rate. 

Beta Smear Counter 

The beta smear counter consisted of a thin mica window (~2 mg/cm2) 

G-M tube mounted on a sample holder and housed in a 23-cm-diam x 35-cm- 

high lead shield. Located under the counter window is a slotted sample 

holder, accessible through a hinged door on the shield. An absorber can 

be interposed in the slot between the sample and the counter window to 

determine relative beta and gamma contributions to the observed sample 

counting rate. The electronics for this counter were housed in a 

portable NIM bin and consisted of a Tennelec TC 148 preamplifier, an 

ORTEC 456 high voltage power supply, and a Tennelec TC 545 counter- 

timer. 

This unit, shown in Fig. 11-6, was used in the field to measure 

beta activity on smear papers and was calibrated daily using a beta 

standard of known activity. 

Fig. II-7 shows the mobile lab used during the survey. 



ORNL-Photo 1070-78 

u 
U 

Fig. 11-i;. Alpha and beta smear counters. 
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APPENDIX III 

DESCRIPTION OF Ge(Li) DETECTOR AND 

SOIL COUNTING PROCEDURES 
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DESCRIPTION OF Ge(Li) DETECTOR SYSTEM 

A holder for twelve 30-cm3 polyethylene bottles (standard containers 

for liquid scintillation samples) and a background shield have been 

designed for use with a 50-cm 3 Ge(Li) detector system (see Fig. III-1 and 

111-2). During counting of the samples, the holder is used to position 

10 of the sample bottles around the cylindrical surface of the detector, 

parallel to and symmetric about its axis, and two additional bottles 

across the end surface of the detector, perpendicular to and symmetric 

with its axis. With a 300-cm3 sample and a graded shield developed for 

use with the system, it is possible to measure 1 pCi/g of 232Th or 22sRa 

with an error of +lO% or less. 

Pulses' are sorted by a 4096-channel analyzer (see Fig. III-3), 

stored on magnetic tape, and subsequently entered into a computer pro- 

gram which uses an iterative least-squares method to identify radio- 

nuclides corresponding to those gamma-ray lines found in the sample. 

The program, which is accessible through a remote terminal, relies on a 

library of radioisotopes which contains approximately 700 isotopes and 

2,500 gamma rays and which runs continuously on the IBM-360 system at 

ORNL. In identifying and quantifying 226Ra, six principal gamma-ray 

lines are analyzed. Most of these are from 214Bi and correspond to 295, 

352, 609, 1,120, 1,765, and 2,204 keV. An estimate of the concentration 

of 238U is obtained from an analysis of the 93 keV line from its 

daughter 234Th. 



ORNL-Photo 2172-75 

Fig. III-l. Holder for Ge(Li) detector system. 
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ORNL-Photo 2171-75 

Fig. 111-Z. Ge(Li) detector system. 
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APPENDIX IV 

PROCEDURE FOR ESTIMATING THE 238U CONTAMINATION 
FROM SCINTILLATION PROBE LOGGINGS 
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PROCEDURE FOR ESTIMATING THE 238U CONTAMINATION 
FROM SCINTILLATION PROBE LEGGINGS 

Two of the immediate daughters .of 238U are gamma-ray emitters: 

2s4Th with 63 keV at 5% yield and a 93 keV complex at 5% yield, and 

234mPa with 1,001 keV at 0.6% yield. The half-lives of these daughters 

are short enough that equilibrium with the freshly separated 23sU occurs 

within a few months. Thus, gamma-ray counting could provide an estimate 

of 23sU activity. A large fraction of the low-energy (63 keV and 

93 keV) gamma rays can be absorbed by a medium such as sand or soil and 

not be detected by the NaI scintillator. Furthermore, gamma rays 

associated with the daughters of 226Ra have a higher probability of 

interaction with the scintillator than does the 1,001 keV gamma ray. 

Because of this higher efficiency of detection and the higher yield of 

226Ra daughter gamma rays, the presence of background levels of 226Ra E 
can cause appreciable interferences in estimating 23sti activity on the 

basis of gamma-ray counting. 

Soil and crud samples were obtained from holes drilled in the ser- 

vice pits at various locations. The results of 23aU analysis for 10 

of these samples could be compared with the shielded and unshielded 

gamma-ray loggings of the holes. "Best-fitting" lines were obtained 

for these relationships as follows: 

2381) (pCi/g) = 3.07 x 10m3 x (unshielded cpm) - 2.23, 

238U (pCi/g) = 20.33 x 10-a x (shielded cpm) - 7.55. 

Use of either of these relationships can yield estimates which may be 

in error by 200% because of the low gamma-ray yield and 226Ra inter- 

ference problems outlined above. 

Estimates of 23sU concentration given in Table 12 were made by 

using these two relationships and the count-rate data from the hole 

loggings. The average of the two estimates obtained (unshielded and 

shielded) is given in Table 13 for each depth logged. 
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APPENDIX V 

EVALUATION OF RADIATION EXPOSURES AT THE FORMER BRIDGEPORT 

BRASS COMPANY SPECIAL METALS EXTRUSION PLANT, 

ADRIAN, MICHIGAN 
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The U.S. Department of Energy (DOE) has determined that the former 

Bridgeport Brass Company Special Metals Extrusion Plant at Adrian, 

Michigan, is presently contaminated with low-level radioactive residues 

resulting from previous uses of this property. This plant was operated 

under contract with the Atomic Energy Commission (AEC) from 1953 to 1962 

to extrude uranium metal which could be used to produce fuel for AEC 

reactors at Hanford, Washington, and Savannah River, South Carolina. 

Only about 40,000 square feet of one'building of the 17.4-acre structure 

was involved in the AEC contract work. When the contract was terminated 

in 1962, one of the plant's two extrusion presses was sent to Reactive 

Metals, Inc., Ashtabula, Ohio, and put into operation there. Other 

equipment was scrapped and disposed of at unknown locations. 

In 1974, the Chevrolet Manufacturing Division of General Motors 

purchased the site, cleared the buildings, and conducted a radiological 

survey. A comprehensive radiological survey performed by DOE indicated 

that some low-level uranium contamination from AEC-contracted work 

remains at this site in spite of extensive decontamination work done by 

the current property owner. This contamination from previously con- 

tracted op'erations is producing radiation exposures which are, foreall 

practical purposes, indistinguishable from natural background. These 

slight exposures to employees working at this site result from beta and 

gamma radiation emitted by contamination in the ground or on normally 

inaccessible surfaces. A summary of radiation exposures at the former 

Bridgeport Brass site is provided in Table V-l along with appropriate 

guidelines and background values. 

The naturally occurring radionuclides present at the former Bridge- 

port Brass site are also present in minute quantities throughout our 

environment. Concentrations of these radionuclides in normal soils, 

air, water, food, etc., are referred to as background concentrations. 

Radiation exposures resulting from this environmental radioactivity are 

referred to as background exposures. These background exposures are not 

caused by any human activity and, to a large extent, can be controlled 

only through man's moving to areas with lower background exposures. 

Each and every human receives some background exposure daily. 



Table V-l. Summary of exposure data at the former Bridgeport Brass, Adrian, Michigan 

Exposure source Background Guideline value 
levels for general public 

Guideline value for 
. radiation workers 

Average levels at 
Bridgeport Brass site 

Gamma radiation 
from daughters 
of uranium 
contamination 

9 microRoentgens 
per hour in 

Michigan 

250 microRoentgens per 
hour above natural 
background for 40 hours 
per week and 50 weeks 
per year for an indi- 
vidual. This is 
equivalent to 0.5 
Roentgen per year 

2500 microRoentgens per 
hour for 40 hours per 
week and 50 weeks per 
year. This is equivalent 
to 5 Roentgens per year 

Average gamma radiation 
levels 1 meter above the 
floor or ground were 12 
to 13 microRoentgens per 
hour 

Beta-gamma 
radiation from 
daughters of 
uranium 

Less than 0.02 
millirad per 
hour 

15 millirads per hour 
for 40 hours per week 

contamination 
surface of 1 square 
meter 

Maximum of 0.2 
millirad per hour at 
1 centimeter above l and 50 weeks per year. 

This is equivalent to 
30 rads per year 

Range from background to 
5 millirads per hour. 
Guideline values never 
exceeded at any acces- 
sible point indoors or 
outdoors 

The Roentgen is a unit which was defined for radiation protection purposes for people exposed to penetrating gamma radiation. 
microRoentgen is one-millionth of a Roentgen. 

A 

The rad is the unit for measuring radiation dose to tissue. One millirad is equal to one-thousandth of a rad. 
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The use of radioactive materials for scientific, industrial, or 

medical purposes may cause radiation exposure above the background level 

to be received by workers in the industry and, to a lesser extent, by 

members of the general public. Scientifically based guidelines have 

been developed to place an upper limit on these additional exposures. 

Limits established for exposures to the general public are much lower 

than the limits established for workers in the nuclear industry. 

Uranium-238 is believed to have been created when the earth was 

formed. It is still present today because it takes a very long time 

to decay. The half-life is a measure of the time required for radio- 

active decay; for uranium-238 it is 4.5 billion years. Thus, if you 

begin with one curie* of uranium-238, one-half curie will remain after 

4.5 billion years. After 9 billion years, there would only be one- 

fourth curie of uranium-238. As the uranium-238 decays, it changes into 

another substance: thorium-234. Thorium-234 is called the daughter of 

uranium-238. In turn, thorium-234 is the parent of protactinium-234. 

Radioactive decay started by uranium-238 continues as shown in Table V-Z 

until stable lead is formed. The decay product listed in Table V-Z is 

the radiation produced as the parent decays. 

Direct Gamma-Ray Exposures 

As shown in Table V-Z, some of the radioactive daughters in the 

uranium decay series emit gamma-rays. (Gamma-rays are a highly penetrat- 

ing radiation like X-rays.) The maximum gamma radiation level indoors 

was recorded at an isolated spot at the south end of the building and 

was equal to 31 microRoentgens per hour. t The average indoor reading was 

13 microRoentgens per hour. Outdoor readings ranged to 15 microRoentgens 

per hour, with an average value of 12 microRoentgens per hour. Exposure 

to the maximum indoor gamma radiation level, 31 microRoentgens per hour 

*A curie is a unit defined for expressing the amount of radio- 
activity present in a substance; one curie represents 37 billion 
radioactive disintegrations per second. 

t The Roentgen is a unit which was defined for radiation protection 
purposes for people exposed to penetrating gamma radiation. A micro- 
Roentgen is one-millionth of a Roentgen. 
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Parent 

Table V-Z. Uranium decay series 

Half-life Decay products Daughter 

uranium-238 

thorium-234 

protactinium-234 

uranium-234 

thorium-230 

radium-226 

radon-222 

polonium-218a 

lead-214a 

bismuth-214a 

polonium-214a 

lead-210 

bismuth-210 

lead-206 

4.5 billion years 

24 days 

1.2 minutes 

250 thousand years 

80 thousand years 

2,600 years 

3.8 days 

3 minutes 

27 minutes 

20 minutes 

10,2000 
second 

22 years 

140 days 

stable 

alpha thorium-234 

beta, gamma protactinium-234 

beta, gamma uranium-234 

alpha thorium-230 

alpha radium-226 

alpha radon-222 

alpha polonium-218 

alpha, lead-214 

beta, gamma bismuth-214 

beta, gamma polonium-214 

alpha 

beta 

alpha 

none 

lead-210 

bismuth-210 

lead-206 

none 

%hort-lived radon daughters. 
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for 2,000 hours per year (a typical work year), would lead to an expo- 

sure of 62,000 microRoentgens. For comparison, a typical chest X-ray ' 

(according to Department of Health, Education and Welfare data) might 

yie1.d an exposure of about 27,000 microRoentgens. 

On the basis of information provided by the U.S. Environmental 

Protection Agency (EPA), it is estimated that the average background 

exposure in Michigan is'about 9 microRoentgens per hour.* Since local 

variation of up to 50% in background radiation is common, it may be 

concluded that both the indoor average and the outdoor average gamma 

radiation levels cannot be distinguished from background at this site. 

The National Council on Radiation Protection and Measurements 

(NCRP) has recommended a maximum annual whole-body exposure of 

500,000 microRoentgens per year to an individual continually exposed 

in the general population; this would correspond to exposure to 

250 microRoentgens per hour for 2,000 exposure hours. This guideline 

would not be exceeded at any accessible location on this site. 

Direct Beta-Gamma Exposures 

Nuclear Regulatory Commission (NRC) guidelines state that the 

combined dose from weakly penetrating beta particles and from gamma 

rays, measured at a distance of 1 centimeter above any surface, should 

not exceed 0.2 millirad t per hour when averaged over an area of 1 square 

meter. The combined dose rate should not exceed 1.0 millirad per hour 

in small areas of 100 square centimeters. These guidelines are not 

exceeded in any routinely accessible areas of the building nor at a 

point outdoors. However, the guidelines are exceeded at some locations 

inside drains, manholes, and sumps. The maximum value obtained was 

5 millirad per hour inside manhole 16. Handling material inside this 

manhole for one hour would result in a skin dose of 5 millirad. For 

comparison, the skin dose which would be expected from a normal year's 

*D. T. Oakley, Natural Radiation Exposure in the United States, 
U.S. Environmental Protection Agency Publication ORPJSlO, 72-1, June 1972. 

tThe rad is the unit for measuring radiation dose to tissue. One 
millirad is equal to one-thousandth of a rad. 
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watching of color television by an adult is 1.6 millirad; for a child 

less than 15 years of age, the comparable dose is 3.6 millirad per year 

(according to the United Nations Scientific Committee on the Effects of 

Atomic Radiation). 

The primary concern of the NRC guideline is exposure of skin sur- 

faces. The thickness of ordinary shoe soles is adequate to protect the 

skin of feet. froln beta radiation. Other areas of body skin are ade- 

quately protected from these exposures if they remain away from these 

surfaces. In most cases, exposures are negligible at a distance of 

1 foot away from these surfaces. Although potential exists for expo- 

sures in excess of the guidelines, beta and gamma exposures are believed 

to be inconsequential to employees at this site due principally to the 

routine inaccessibility of the surfaces exceeding the guidelines. 

Other Considerations of Exposure 

Several sumps, drains, and manholes are contaminated with 

uranium-238 residues. For example, a sample of material from the bottom 

of manhole M-16 had a uranium-238 concentration of 15,000 picoCuries* 

per gram (normal soil has about 1 picocurie per gram). Furthermore, the 

sand in the service pits below the floor had up to 200 picocuries of 

uranium-238 per gram. These materials are capable of causing human skin 

exposures by improperly handling the material. Additional, more serious 

inhalation exposures could result from improper removal of this material 

in a manner which could cause it to become airborne. Ingestion expo- 

sures could also conceivably result if this material were disposed of in 

a manner in which any member of the public would have access to it. 

Risk and Radiation Exposures 

Risks resulting from radiation exposures should-be considered 

within the context of other risks incurred in normal living. For 

simplicity, risks to health may be classified in four categories: 

*A picocurie is one millionth-millionth of a Curie, previously 
defined. 
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1. Unacceptable--problems with risk so high as to require imme- 

diate action, such as severe diseases where medical treatment 

is required to save a life. 

2. Concerned--problems where people are willing to spend time and 

money to reduce potential hazards. Examples of this include 

the maintenance of public highways and signs, signals, fire 

departments, and rescue squads. 

3. Recognized--problems where people may accept some inconvenience 

to avoid certain activities such as flying in airplanes, 

swimming alone, etc. 

4. No great concern--problems with a low frequency of occurrence. 

There is an awareness of potential hazard but an accompanying 

feeling that these problems occur only to other people. 

Any individual may be exposed to risks over which he can exercise 

some control (voluntary) and risks over which he feels he has no personal 

control or choice (involuntary). Daily, an individual is confronted 

with decisions about risk which have an associated benefit--for example, 

driving a car. This can serve as an illustration that a voluntary, 

concerned risk may be deemed appropriate due to the desirable perceived 

benefit. As another example, an individual who smokes cigarettes has 

subjected himself to a risk of lung cancer which is about 10 times higher 

than that for a nonsmoker. 

For purposes of radiation protection, all radiation exposures are 

assumed to be capable of increasing an individual's risk of contracting 

cancer. A precise numerical value cannot be assigned with any certainty 

to a given individual's increase in risk attributable to radiation 

exposure. The reasons for this are numerous; they include the indi- 

vidual's age at onset of exposure, variability in latency period (time 

between exposure and physical evidence of disease), the individual's 

-personal habits and state of health, previous or concurrent exposure to 

other cancer-causing agents, and the individual's family medical history. 

Because of these variables, large uncertainties would exist in any 

estimates of the number of- increased cancer deaths in the relatively 

small working population at the former Bridgeport Brass site. 
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The normal annual death rate* from all types of cancer among all 

population groups in Lenawee County (as of 1970) was 154 deaths per 

100,000 population. At the same time, the death rate from all types of 

cancer for all population groups in the United States and in the state 

of Michigan was 151 and 150 per 100,000 population, respectively. A one- 

year exposure to penetrating gamma radiation of 500,000 microRoentgens 

might increase the risk of death due to all types of cancer by about 

one-tenth of a percent. Exposures in excess of these guideline values 

would be expected to result in proportionately higher increases in risk. 

Consequently, any action taken to reduce either the rate or the duration 

of radiation exposures would also reduce the risk attendant to that 

exposure. 

There are no data at present which give evidence of a relationship 

between low-level exposure of the skin and the development of skin 

cancers. This does not mean that skin cancer cannot be produced by low- 

level exposures. This does mean that the risk associated with guideline 

level exposures of the skin is so small that it cannot be quantified. 

Remedial Measures 

The present radiation exposures at the former Bridgeport Brass 

facility at Adrian, Michigan, may be considered trivial. However, the 

presence of uranium-238 contamination in inaccessible places warrants 

consideration of remedial action to prevent future radiation exposures. 

Thoroughly cleaning the drains, manholes, sumps, and service pits under 

controlled conditions and proper disposal of the contaminated'residue 

would, of course, provide maximum protection. Stabilization or fixation 

of the material in place and restricting future activities of the site 

could also be considered. The Department of Energy is now actively 

evaluating alternatives under a priority program designed to assure 

protection of the working population. 

*Mortality stat istics were obtained from data in U. S. Cancer 
MortaZity by County: 1950-2969, prepared by the National Cancer 
Institute, 1973, ava ilable from the U.S. Government Printing Office. 
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SUMMARY 

In summary, the former Bridgeport Brass Company Special Metals 

Extrusion Plant at Adrian, Michigan, is contaminated with residues con- 

taining naturally occurring radionuclides. Radiation exposures asso- 

ciated with this contamination under conditions of current use cannot 

be distinguished from background. The present property owner has 

adequately decontaminated the readily accessible portions of this site. 

However, the contamination in inaccessible portions of the site has the 

potential to produce radiation exposures which could approach and, in 

some cases, exceed scientifically based guidelines. These potentially 

more serious exposures could result from changes in accessibility to 

the contaminated material. Consequently, some remedial measures are in 

order. The Department of Energy has developed a coordinated plan which 

addresses specific problems at facilities such as the former Bridgeport 

Brass facility. Currently, work is underway to implement the elements 

of this plan. 
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i 
James D. Kopotic, Site Manager 
Former Sites Restoration Division 

f - U.S. Department of Energy 
! Oak Ridge Operations 

P.O. 130x 2001 
Oak Ridge, Tennessee 3783 l-8723 

February I i, 1995 

3 10 A11 ‘95 

i Dear Mr. Kopotic: 

This is to ac~owledge receipt of your letter of February 2, 1995 concerning the DOE proposal 
for management of waste oil preparatory to the remedialion of uranium contamination at the 
General Motors Corporation site in Adrian, Michigan. 

A review of the information supplied with your letter included an asscssmcnt of the radiological 
aspects of the DOE proposal by staff of this office and an asscssmcnt of the ha;lardous waste 
aspects by staff of the Michigan Department of Natural Resources, Waste Management Division. 
I3ascd upon the review, the following comments are offered: 

f 

We concur with the DOE’s assessment that the oil in the oil collection system within the former 
extrusion press operation area can be managed as normal waste oil without regard to 
radioactivity provided: 

t 

1. ‘The average concentration of total uranium in the removed and collected oil remains below 
300 picocuries per liter based upon representative sampling of the collected oil after removal 
from the oil collection system. Representative sampling should include samples from each 
container used for storage on site for the collected oil. 

Z-25 994 

2. Consideration should be given to filtering the oil during the collection process and prior to 
bulk storage to remove particulates or sediments that would otherwise significantly disturb 
the homogeneity of the stored liquid or otherwise preclude representative sampling for 
radioactivity. 



I26746 

.Jamcs D. Kopotic 
J’agc Two 
J:cbruary 17, 1995 

3. If applicable, solid rcsiducs resulting from liltration of tllc oil prior IO bulk storage should hc 
separately sampled and analyzed for radioactivity, and, ifabovc I>OJ: guidelines for 
acceptable contamination, trcatcd as radioactive waste for subscqucnt 1X)1: managcmcnt and 
disposal. 

Ilazardous Waste Charatcriu\tiou 

1. The chemical analyses presented in the I’cbruary 2, 1995 J>Of: strategy arc not sufficient to 
characterize the waste oils as nonhazardous waste. The an:~lyscs were too variable, even 
though two of the samples were composites, and at least one of the three samples indicated 
that the oils may fail the toxicity characteristic. 

2. The procedures and requirements for characterizing and managing hazardous wastes arc more 
fully explained in J’arts 2 and 3 of the administrative rules promulgated pursuant to 1979 
J’A 64, as amended, Michigan’s Fiazardous Waste Management Act. The oils should first be 
collected and containerized, and then the containers sho’uld bc representatively sampled and 
analyzed for the toxicity characteristic. Additional sampling and analytical work can be 
avoided by classifying the oils as characterislic ha;l;lrdous waste and sending them to a 
recycle facility [R 299.9206(3)(c)]. 

Thank you for the opportunity to provide comment concerning this matter. We request that this 
office continue to be notified of each scheduled step in the overall DOE rcmcdiation plan and 
that a copy of the final remediation plan be forwarded to us when avai table. 

If you should have any questions concerning this information, please contact me at (5 17) 335- 
8200 or Steve Sliver at (5 17) 373-l 976, as appropriate. 

Sincerely, 

BUREAU OJ* ENVIRONMENTAL 
AND OCCUPATIONAL I-JEALTJ~J 

DWM:rt 

Licensing and Registration Section 
DIVISION OF RsZDJOLOGICAL HEALTH 

cc: Steve Stiver 
~fick$m Department of Natural Resources 
Waste Management Division 
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EXECUTNESUMMARY 

This hazard assessment report provides an assessment of potential current and future 
worker radiation doses associated with residual uranium at the General Motors (GM) site in 
Adrian, Michigan. The objectives of this report are to evaluate the potential health impacts 
(radiation doses) associated with the residual uranium at the site, and to provide documentation 
to support authorization of S supplemental limits and release of the site without radiological 
restrictions. 

The GM site was used during the 1950s by the former Bridgeport Brass Company to 
perform extrusion of uranium metal for the Atomic Energy Commission (AEC). After 
completion of the AEC work, uranium extrusion equipment was removed and the pits below the 
extrusion presses were filled with sand and covered with concrete. GM obtained the plant in 
1974, and performed radiological surveys of the extrusion operations area in 1976. These 
surveys showed that radioactive material above current guidelines was still present in numerous 
places inside the facility., GM conducted decontamination efforts on interior portions of the 
building (including floors and oveihead structural members) during 1976 and 1977. Followup 
surveys conducted by Oak Ridge National Laboratory (ORNL) in 1977 and 1979 showed that 
the decontamination efforts had removed radioactivity greater than the surface radioactivity 
criteria used by the Nuclear Regulatory Commission (NRC) for release of property, and that 
these interior areas could be used without radiological restrictions. 

The GM decontamination efforts did not include areas below the floor slab, including 
drain lines, sumps, manholes, electrical conduit, and floor drains which had been impacted 
during the uranium extrusion operations. The 1979 survey results showed that some of these 
areas contain radioactivity greater than the NRC release criteria. In 1995, DOE conducted 
additional remedial actions in the below-slab areas to remove as much of this residual uranium 
as possible. In some areas, access restrictions and high estimated costs prohibited complete 
removal of the residual uranium. For those areas where residual uranium remains, potential 
doses under conservative worker scenarios were assessed to determine the possible health effects 
of leaving this material in place. 

To perform the dose assessment, two worker scenarios were considered: a non-routine 
maintenance worker and a future renovation worker. The non-routine maintenance worker was 
assumed to work 10 hr/day, over a lo-day period, performing intrusive excavation work in an 
area where residual uranium was present. This scenario was intended to model possible 
exposures from future process modifications, such as installation of new assembly-line 
equipment. It was not intended to model current or routine maintenance worker conditions. The 
future renovation worker scenario was designed to provide conservative (upper-bound) estimates 
of potential future exposures. This scenario assumes extensive intrusive work including 
exposures to all areas of the sub-floor areas containing residual contamination. 
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The results from the dose assessment show that potential worker doses range from 
approximately 1 mrem/yr to approximately 3 mrern/yr for the non-routine maintenance worker 
and future renovation worker scenarios, respectively. These results show that potential future 
doses could be only a small fraction of the 100 mrem/yr public dose limit recommended by the 
International Commission on Radiological Protection, and the National Council on Radiation 
Protection and Measurements. In addition, the potential future doses are well below the 
proposed Nuclear Regulatory Commission (NRC) and the draft United States (U.S.) 
Environmental Protection Agency (EPA) site cleanup standard of 15 mrem/yr. These doses are 
based on the assumption that even though most areas with residual uranium were filled with 
grout or controlled low-strength material (CLSM), the residual uranium could eventually be 
released (although diluted by the fill material) through intrusive work activities such as pipe 
cutting and removal. 

A separate assessment was conducted to evaluate potential doses if DOE had not used 
containment measures (grout or CLSM fill) in the areas with residual uranium. The purpose of 
this assessment was to provide an evaluation of assumptions used to account for the containment 
measures in the initial dose assessment discussed above. If DOE had not used containment 
measures, potential doses were estimated as 30 mrem/yr for the non-routine maintenance worker 
and 43 mrem/yr for the future renovation worker. Since containment measures were used, these 
doses do not represent an estimate of potential future conditions at the GM site. 

The estimated cost associated with removal of only the drain line system is $1.2 million. 
This cost estimate does not include remediation of the extrusion pits, manholes, sumps, and floor 
drains. It also does not include the costs associated with lost productivity to GM of shutting 
down this plant for the major excavation work which would be required for complete removal 
of residual uranium exceeding surface activity guidelines.- It is likely that the total costs 
associated with complete uranium removal would be in excess of $2 million. 

The results from this hazard assessment show that supplemental limits, as described in 
DOE Order 5400.5, are warranted for the GM site. It is recommended that the existing residual 
uranium concentrations in the areas evaluated in this hazard assessment be approved as 
supplemental limits for the GM site. Leaving the residual uranium in place does not pose a 
significant potential future risk, and the cost of removal of uranium above current surface 
activity guidelines is very high relative to the long-term benefits that would result. 
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1. INTRODUCTION 

This hazard assessment report provides an assessment of potential current and future 
worker radiation doses associated with residual uranium at the General Motors (GM) site in 

, Adrian, Michigan. This site has been remediated under the United States (U.S.) Department of 
, Energy’s (DOE) Formerly Utilized Sites Remedial Action Program (FUSRAP). The objective 

of FUSRAP is to identify and clean up or otherwise control sites where residual radioactivity 
(exceeding current guidelines) remains from the early years of the nation’s atomic energy 
program or from commercial operations causing conditions that Congress has authorized DOE 
to remedy. The residual radioactivity at the GM site resulted from activities conducted in 
support of the nation’s early atomic energy and weapons programs. 

12. 

During the 195Os, the former Bridgeport Brass Company used a portion of the Adrian, 
Michigan plant now operated by GM to produce material for uranium fuel elements for 
production reactors in Hanford, Washington and the Savannah River Plant in South Carolina. 
This work consisted of extrusion of uranium metal, using two large extrusion presses. After 
completion of the Atomic Energy Commission (AEC) work, the extrusion presses and associated 
equipment were removed, and the service pits below the extrusion presses were filled with sand 
(date unknown) (ORNL 1982). Most of the radioactivity at the, GM site associated with the 
extrusion operations and subject to remedial action under FUSRAP, was removed during 
previous decontamination efforts. Decontamination of the interior portions of the building, 
including floors and overhead structural members, was completed in 1977 (ORNL 1982). These 
areas are not addressed in this report. 

Remedial actions to reduce the amount of radioactivity in the areas not addressed during .,. 
the 1977 remedial actions were completed in 1995. Because of the inaccessibility of some areas, 
and the high cost of complete remediation, residual concentrations of uranium above guidelines 
remain in the former uranium extrusion press pits, the oil collection system (including manholes, 
sumps, and drain lines), and the former floor drains in the area of the plant used for uranium 
extrusion operations. These locations are areas where the application of supplemental limits, 
based on assessment of potential current and future doses (hazard assessment) is appropriate 
because they present very low exposure risk to workers and members of the general public. 

DOE protocol provides for the release of property without radiological restrictions in 
cases where residual radioactive material may exceed established guidelines but does not pose 
a significant present or future exposure risk, and where the cost of remedial action is 
unreasonably high relative to the long-term benefits (DOE 1986, Gilbert et al. 1989, DOE 
1990). The objectives of this hazard assessment are to evaluate the potential radiation doses 
associated with residual uranium at the GM site, and to, provide justification to support 
authorization of supplemental limits and release of this site for use without radiological 
restrictions. Site background and historical information related to the dose assessment are 
provided in Section 2 of the report. Section 3 summarizes and evaluates the radiological survey 
data used for dose calculations. Section 4 provides an assessment of the potential current and 
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future exposure pathways for workers at the plant, and Section 5 characterizes doses for each 
of these exposure pathways. The significance of uncertainties associated with the exposure 
assumptions is discussed in Section 6, and the results and conclusions are summarized in 
Section 7. 
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2. BACKGROUND 

2.1 SITE HISTORY 

The former Bridgeport Brass Company operated a special metals research extrusion plant 
in Adrian, Michigan during, the 1950s under contract with the AEC. The location of the plant, 
now owned by GM, is shown, in Figure 2-l. The operation produced material for uranium fuel 
elements for production reactors in Hanford, Washington and the Savannah River Plant in South 
Carolina. Uranium handled in this operation included depleted, natural, and up to 2.1 percent 
enriched. There are no descriptive records available which indicate the full nature of the 
operations at this plant. After completion of uranium extrusion work for the AEC, the extrusion 
presses were removed and service pits (extrusion pits) beneath the presses were cleaned out, 
filled with sand, and covered with concrete. Figure 2-2 shows the area of the plant used for 
uranium extrusion activities. The plant was sold to Martin Marietta in the early 1960s. Martin 
Marietta used the facility until 1974, when it was sold to the Chevrolet Manufacturing Division 
of GM. There are no records documenting radiological contamination levels for the period from 
about 1961 to 1976. 

GM conducted radiological characterization surveys in 1976 which revealed radioactive 
material in numerous places inside the facility, including elevated horizontal surfaces, fixtures, 
and in floor cracks. These areas were decontaminated and a confirmatory radiological survey 
was conducted by Oak Ridge National Laboratory (ORNL). The results of the 1976 ORNL 
survey showed residual radioactive contamination greater than the limits for use without 
radiological restrictions on some floor areas and in off-gas ducts. The ducts were removed and 
additional decontamination efforts were completed in February 1977. A followup survey 
conducted by ORNL in 1977 verified that the interior building areas had been successfully 
decontaminated to levels less than the guidelines for use without radiological restrictions (ORNL 
1982). This survey and an additional followup survey conducted in 1979, documented elevated 
concentrations of uranium-238 (U-238) in residue, scale, and other miscellaneous materials 
collected from the bottom of the extrusion press service pits, the electrical pipe chase, floor 
drains, and the oil collection system (including manholes, sumps, and drain lines) beneath the 
floor of the facility in the extrusion press operations area. 

After removal of radioactive contamination from the interior building areas, the former 
extrusion press area was placed back into use for normal manufacturing operations. Because 
the remaining residual radioactive material was confined to areas not normally accessible to plant 
workers, automobile part manufacturing operations continued at the facility up to the most recent 
remedial actions. 

2.2 SUMMARY OF RECENT REMEDIAL ACTIONS 

Because of the potential for future exposures to radioactive material in the sub-floor 
areas, DOE conducted additional remedial actions at the GM site during April to July, 1995. 
For the electrical pipe chase area, the goal of the 1995 cleanup effort was to remove radioactive 
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materials greater than the surface radioactivity cleanup criteria contained in DOE Order 5400.5. 
These criteria are functionally equivalent to the surface radioactivity limits established by the 
Nuclear Regulatory Commission (NRC) in Regulatory Guide (Reg. Guide) 1.86, which limit the 
amount of radioactivity in areas used without radiological restrictions. For the oil collection 
system, the goal was to remove as much radioactive material as feasible; ideally to levels less 
than those specified in DOE and NRC regulations. However, for areas where it was not 
possible to remove all radioactive material due to cost and accessibility constraints, as much 
uranium as feasible was removed, and the drain or sump was filled with flowable concrete 
(grout) or with controlled low-strength material (CLSM) to isolate the remaining residual 
radioactivity from current and future workers. CLSM is a mixture of sand, cement, and water. 
It is similar to concrete except that it contains no aggregate, and there is more sand in the mix. 
These features permit improved flow into inaccessive areas compared to concrete. In some 
areas, drain lines were plugged (but not filled) with foam due to access limitations. Because the 
extrusion press pits had been previously cleaned out and filled with sand, no additional remedial 
actions were conducted at these locations during the 1995 remedial actions. 

The areas of the plant included in the 1995 remedial actions are shown in Figure 2-3. 
These areas include the electrical pipe chase and the oil collection system (including associated 
manholes, sumps, and drain lines). For purposes of the discussions in this assessment, the oil 
collection system includes the 42-inch (in.) sump, sump No. 3, and the oil trap pit; 
manholes Ml, M2, M15, M16, and M25; and drain lines A, B, C, D, E, F, G, H and I as 
shown in Figure 2-3. 

During the 1995 remedial actions, contaminated inactive lines within the pipe chase were 
cut, wiped to remove the oily film, and disposed as low-level radioactive waste (LLRW). 
Approximately 30 percent of the pipe hangers and brackets were clean and were left in place. 
Gang or multi-supports were decontaminated and abandoned in place. The walls and floors of 
the pipe chase were decontaminated using simple decontamination techniques. The 
decontamination effort successfully removed all uranium in the pipe chase greater than the 
surface radioactivity criteria. 

Most of the oil collection system sumps, manholes,, and drain lines contained an oil/water 
and sludge mixture that was removed during decontamination efforts. The liquid and sludge 
material was removed by pumping into drums. After removal of liquid and sludge, any 
remaining debris was removed to allow decontamination of the wall and floor surfaces of the 
sump or manhole. The walls and floors of each sump were decontaminated using a 
3,000 pounds per square inch (psi) and a 10,ooO psi Hydrolaser” system, and wiping with soapy 
rags. The drain lines were decontaminated to the extent possible, surveyed, and then plugged 
or filled with foam, flowable concrete, or CLSM. Remedial actions successfully removed 
uranium to below the surface radioactivity criteria at the 42-m ~sump, Ml and M15. 

Manholes M2 and M25 were inaccessible, and were filled with flowable concrete via 
their duct banks from other manholes. Ml6 and the drain line associated with Ml6 (drain 
line A) were filled with concrete by GM during previous renovation activities (date unknown). 
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2.3 HAZARD ASSESSMENT SCOPE 

The scope of this hazard assessment includes evaluation of potenti+ doses from each area _ 
I ‘of the plant where residual uranium remains in concentrations greater than the surface 

These areas include sump 
’ 

radioactivity guidelines specified in DOE and NRC regulations. 
No. 3, the oil trap pit, manholes M2, M16, and M25, and drain lines A, B, C, D, E, F, G, H, 
and I., Because access to drain lines A and F was not possible, these lines were combined with 
manhole Ml6 and M25,. reipectively, for dose ca&ulations. Three covered floor drains (FDi, 
FD2, and FD3) in the area of the former extrusion operation (which showed elevated uranium 
concentrations during the 1977 ‘ORNL surveys) and the two extrusion press pits were also 
included hi this hazard assessment. Doses were not assessed for the pipe chase, 42-in. sump, 
manholes Ml and Ml5 since these areas were decontaminated to the surface radioactivity criteria 
(supplemental’limits are not required). However, symmaries of t&e post- remedial action survey 
results for these areas are included in Skction 3 to provide justification for not assessing potential 
doses associated with these locations. Table 2-l provides a summary of the areas covered in j 
previous and recent remedial actions, the current status of each area, and whether or not the area 
is included as part of this report. The most recent residual radioactivity concentration data from 
each of these areas was used as the source term for dose calculations. A detailed evaluation of 
the data from each of the potential hazard assessment areas is. presented in Section 3. 

. . 
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Floor drains in the area of the former extrusion operations (FDl, FD2, and FD3) were covered 
with a new floor slab by dM during previous construction work, and could not be located during 
investigation and remedial action activities. 

. . 
. ‘ 

are included in this hazard assessment. 



Table 2-1. Summary of Status of Areas of Concern at the General Motors Site 

Area 

Above-Floor Interior Building Surfaces 

Pipe Chase 

Extrusion Pits 

Included in Hatird 
Remedial Action History Current Status Assessment 

Decontaminated during 1977 Released for use without No 
remedial actions radiological restrictions 

Decontaminated during 1995 Released for use without No 
remedial action radiological restrictions 

Filled with sand and covered with No change - not addressed Yes 
concrete during 1977 remedial during 1995 remedial action 
action 

Oil Collection System 

Floor drains (FDl, FD2, and 
FD3) 

Manholes (Ml, M2, M15, 
M16, & M25) 

Drain lines A, B, C, D, E, F, 
G, H, & I, and electrical 
conduit lines from Ml and 
Ml5 

Covered with concrete by GM Residual uranium present Yes 
(date unknown) 

Manholes (Ml, M2, MU, & Ml and Ml5 decontaminated to M2, M16, & M25 only 
M25) included in 1995 remedial surface contamination criteria. 
actions. Ml6 filled with concrete Residual uranium present in M2, 
by GM (date unknown). M16, & M25. 

Drain lines B, C, D, E, G, H, & Drain lines .E and G, and Ml All drain lines and 
I, and Ml and Ml5 electrical electrical conduit line electrical conduit lines 
conduit lines included in the 1995 decontaminated to total surface included. Drain lines A 
remedial actions. Drain line A contamination criteria and F combined with Ml6 
filled with concrete by GM when (removable portion unknown). and M25, respectively, 
filling Ml6 (date unknown). Residual uranium present in for assessment. 

Drain lines A, B, C, D, F, H, 
and I, and Ml5 electrical 
conduit line. 

Sumps (42-in., sump #3, and oil trap 
PitI 

Included in 1995 remedial actions 42-in. sump decontaminated to Sump #3 and oil trap pit 
surface contamination criteria. OdY 
Residual uranium present in 
sump #3 and oil trap pit. 
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3. DATA EVALUATION 

3.1 BACKGROUND 

The primary sources of information used in the GM site hazard assessment to determine 
existing radiological conditions include (1) Radiological Survey of the Former Bridgeport Brass 
Company Special Metals Extrusion Plant, Adrian, Michigan published in April, 1982 by ORNL 
(ORNL 1982), and (2) Post Remedial Action Report (PRAR) for the Remedial Action at the 
General Motors Site in Adrian, Michigan (BNI 1995a), (including the database associated with 
the PRAR). The 1982 ORNL survey report was generated from results of surveys and sampling 
conducted in 1976, 1977, and 1979 by ORNL. The PRAR includes the results of post-remedial 
action surveys conducted in April, May, and June of 1995. 

The results from the post-remedial action surveys conducted in 1995 were used to assess 
conditions for drain lines B, C, D, E, G, H and I; manholes Ml, Ml5 and their associated 
electrical conduit lines; sump #3, the 42-m sump and the pipe chase. Both 1995 and historical 
data were used as support documentation for calculations, extrapolations, and assumptions 
pertaining to potential residual radioactivity remaining in connecting, similar, and inaccessible 
areas. “Historical data” refers primarily to the 1982 ORNL report. Historical information was 
utilized to assess radiological conditions for areas not surveyed in 1995 (due to access 
limitations) including the floor drains, extrusion pits, and manholes Ml6 and M2. 

The following sections summarize the results of surveys conducted in each major area 
of the facility involved with uranium operations. These areas are grouped by similar physical 
characteristics or process functions, and include the extrusion pits; drain lines; sumps, pits, and 
manholes; floor drains; and the pipe chase. Results for most areas are reported as U-238 surface 
activity level in disintegrations per minute (dpm) per one-hundred square centimeters (100 cm2). 
These results are used for comparison with the uranium surface activity limits specified in DOE 
Order 5400.5 of 5,CKKl dpm/lOO cm2 (average over 1 square meter [m2]), 15,000 dpm/lOO cm2 
(maximum over 100 cm2), and 1,000 dpm/lOO cm2 removable activity. For some areas (e.g., 
extrusion pits) which could not be surveyed during the 1995 remedial actions, results from 
samples taken during previous surveys are reported in units of picocuries per gram (pCi/g). 

3.2 EXTRUSION PITS 

The data used for evaluation of the extrusion pits (“service pits” emptied of equipment, 
filled with sand and covered with concrete) were taken from the 1982 ORNL survey report. 
This report included sample results taken from boreholes drilled in the areas of the former 
extrusion pits (‘Yhrough the concrete floor, sand, and into concrete surfaces in the bottom of the 
service pits”). 
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A total of eleven samples were taken from nine locations within the two extrusion pits 
used for AEC operations. Results from these samples showed U-238 concentrations ranging 
from 0.6 pCi/g to 210 pCi/g with an average of 20.7 pCi/g. This average was calculated using 
the maximum U-238 concentration from each borehole. It represents an upper bound estimate 
of the true average U-238 concentration in the extrusion pit sands. The 95 percent upper 
confidence level (UCI& on the mean is 52 pCi/g for U-238. The UC& value was used as the 
uranium exposure point concentration for the extrusion pit sands. For comparison, results from 
analyses of offsite background soil samples in the vicinity of Adrian, Michigan showed U-238 
concentrations ranging from 0.7 to 1.1 pCi/g (ORNL 1982), with an average of 0.95 pCi/g. 

The state of Michigan uses a soil cleanup guideline of 35 pCi/g for total uranium 
(approximately 17.5 pCi/g for U-238). The extrusion pit sample results show that three of the 
eleven samples contained less than the average U-238 background concentration of 0.95 pCi/g, 
six samples showed U-238 greater than background, but contained less than 17.5 pCi/g U-238, 
and only two samples contained more than 17.5 pCi/g of U-238. 

3.3 DRAIN LINES 

Radiological surveys of the drain lines and electrical conduit lines were conducted using 
the Pipe Explorer” survey system developed in support of the DOE Decontamination and 
Decommissioning (D&D) program by Science and Engineering Associates, Incorporated (SEA). 
The Pipe Explorer” system provided the majority of radiological data used for drain line 
assessment at GM. This system was comprised of a compressed air supply unit attached to a 
pressurized deployment canister which utilized an air-tight, inverting membrane to transport 
radiological detection equipment into drain lines. Both manual and automated Pipe Explorer” 
systems were used at the GM site. Each system (manual or automatic) utilized a specific type 
of beta detector. 

The “BetaSnake” is a beta detector designed and calibrated by RUST Geotech, DOE 
Grand Junction Projects Office. This beta detector was designed as a “coaxial Bicron BC-408 
plastic scintillation sleeve surrounding a non-scintillation Lucite” light pipe to maximize beta 
response while minimizing detectable gamma radiation. ” The initial Pipe Explorer” system with 
the BetaSnake detector required manual deployment (a hand crank), with a manual reading 
(count) taken every foot. The BetaSnake detector was deployed into drain lines H and I in April 
1995. In May 1995, SEA personnel automated the Pipe Explorer” system and began using a 
different detector (the SEA Beta Detector). This system incorporated automated deployment and 
counting techniques, and had a deployment rate of 0.5 inches per second (in./s). The automated 
Pipe Explorer” system with the SEA Beta Detector was used for drain lines B, C, D, E, and 
G, and the electrical conduit line extending from manhole Ml. 

Both the BetaSnake and the SEA Beta Detector were calibrated specifically for U-238 
equivalent by SEA personnel, utilizing a 4-in. pipe and a Sr-90/Y-90 source. The primary beta 
energy from Y-90 (2,284 kilo electron volt [keq) closely matches the energy and abundance 
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of the primary beta (2,281 keV from protactinium-234m’[Pa-234mJ) from the decay of U-238. 
Thus, the beta activity results from the Pipe Explorer” measurements are directly related to I 
U-238 activity and are reported as “U-238 equivalent.” Background levels were determined by 
obtaining measurements within the pressurized deployment canister or housing unit prior to 
deployment. Both detector types were effective for measuring uranium surface activity at levels 
near the limits for use without radiological restrictions. Minimum detectable activities (MDAs) 
for the drain line surveys ranged from 2,940 dpm/lOO cm2 to 7,840 dprn/lOO cm2. 

Because the automated Pipe Explorer” system collected data at l-second intervals, a very 
large volume (up to 24 readings per foot) of data was generated by the drain line surveys. To 
simplify the evaluation of survey results, the data was averaged over l-foot (-ft) intervals. Each 
l-l? average was then ranked in order of increasing contamination level, and plotted as a 
cumulative frequency distribution. Cumulative frequency distribution-plots were generated for 
each pipe section surveyed, and then used to evaluate the post-remedial action conditions. 
Information on the percent of the surveyed portion of each line above and below the surface 
activity cleanup guidelines is based on these plots. Table 3-l provides a statistical summary of 
residual radioactivity levels remaining in individual drain lines, electrical conduit, sumps, and 
manholes. These values include the minimum, maximum, average, and UCI+ of the mean 
based on each 1-ft averaging unit. The U& value for each drain line was used with the total 
as-built length of the line to calculate the estimated total remaining uranium activity in each line. 
Average and UCbS values include negative results as zero, and results less than the MDA at 
the reported value. Because of these conventions, some calculated averages and UCbS values 
for areas with low residual activity levels are less than the reported MDA level. 

The following sections provide summaries of the residual uranium activity in drain lines 
B, C, D, E, G, H, and I (Figure 2-3). Cumulative frequency distribution graphs of residual 
U-238 surface activity levels for these drain lines are shown in Appendix A. These graphs were 
used to determine the fractions of each drain line that contain residual uranium above or below 
‘the average surface activity criteria. Residual total uranium activity calculations, for each drain 
line are shown in Appendix B. 

Drain Line A 

Drain line A runs north to south, is located southwest of the pipe chase and has an as- 
built length of 120 ft. Drain line A was previously filled and inaccessible during remediation 
and characterization. Historical data used to assess remaining residual radioactivity levels within 
drain line A were based on measurements taken of sludge in Ml6 by ORNL (ORNL 1982). The 
maximum U-238 concentration measured at Ml6 (15,000 pCi/g) was used as a conservative 
exposure point concentration estimate for a combined assessment of Ml6 and drain line A. 

Drain Line B 

Drain line B runs north to south, is located south of the pipe chase and has an as-built 
length of 120 ft. Approximately 51 ft (43 percent) was accessible and surveyed. The results 
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Table 3-1. Summary of Results from Post-Remedial Action Surveys of 
thk Oil Collection System and Pipe Chase 

Location 

Line B 

Lind c 

Line D 

Line E 

Line G 

Line H 

Line I 

Sump 
No. 3 

LwM As-Built 
Surveyed L-gUl 

(ft) et) 

51 120 

112 200 

124 185 

82 170 

106 145 

21 45 

19 60 

264sqft NA 

Minimum 
@pm/ 

100 cm2) 

3,500b 

7,840b 

3,270b 

2,940b 

3,280b 

36,637 

18.668 

79Ob 

U-238 Equivalent Surface Activity 

Maximum Average’ Std. Dev. 
(dW (dpd Oh& 

100 cm’) 100 cm2) loo cm2) 

32,720 7,760 7,756 

1,343.631 540,000 434,626 

10,941 1,850 2,024 

5,484 2,210 1,494 

3,307 1,110 642 

1,314,289 361,000 356,619 

752,077 166,000 226,859 

215,064 23,800 49,474 

UC= 
(d@ 

100 cm2) 

9,580 

608,000 

2,150 

2,480 

1,220 

789,000 

256.000 

55,800 

Oil Trap 
Pit 

280 ft sq NA 797b 108,933 9,020 18,637 12,900 

42-m. 
Sump Pit 

Ml 

Ml5 

Ml Elec. 
Conduit 

136 fi sq NA 723b 4,391 1,150 1,360 2,380 

173 sq ft NA 818b 4,727 600 656 754 

173 fi sq NA 795b 13,598 1,920 2,392 2,480 

117 145 ‘3,350b 1,767 779 411 842 

Ml5 Elec. 
Conduit 

37 155 3,711 11,328 7,180 1,634 7,630 

Pipe 
Chase 

155 NA 741b 8,426 722 749 774 

Notes: 

Survey information (raw data) taken from BNI 1995a. with statistical analysis by Science Applications International Corporation 
(SAIC). Dram lines and Ml electrical conduit lines were surveyed with the Pipe Explorer”’ by SEA personnel and are reported as 
U-238 equivalent dpm/lOO cm2. Statistical analysis for dram lines B, C, D, E, and G are based on l-ft averages. Manual readings 
were taken every foot for drain lines H and I and did not require averaging. Results for sumps, manholes, and the pipe chase are 
reported as total beta dpm/lOO cm2 (total beta used as U-238 equivalent for dose calculations, see Section 3.1). 

‘Average and UC& calculations include negative results as zero, and results less than the detection limit (but greater than zero) as 
the value reported. Thus, in some cases where activity levels are low, it is possible for the calculated average (and UC&J to be 
less than the MDA. 

bMDA reported ‘where miniium result is <MDA. 

NA: Not Applicable 



of the survey of accessible areas showed U-238 surface activity ranging from less than 
3,500 dprn/lOO cm2 (MDA) to 32,720 dpm/lOO cm2, with an average of 7,760 dprn/lOO cm2, 
and an UCL, concentration of 9,580 dpm/lOO cm2. Approximately 46 percent of the surveyed 
portion of the line showed U-238 at less than 5,000 dpm/lOO cm2 with 45 percent of the line 
indicating no detectable activity ( < MDA). The total remaining U-238 activity in drain line B 
is estimated as 5 microcuries &Ci). Drain line B was “plugged” (approximately 2 ft of foam 
in the end of the line) at the pipe chase. 

Drain Line C 

Drain line C runs south to north, is located south of the pipe chase and has an as-built 
length of 200 ft. Approximately 112 ft (56 percent) was accessible and surveyed. The results 
of the survey of accessible areas showed U-238 surface activity ranging from less than 
7,840 dpm/lOO cm2 (MDA) to 1,343,631 dpm/lOO cm2, with an average of 
540,000 dpm/lOO cm2, ,and an UCbS concentration of 608,000 dpm/lOO cm2. Approximately 
30 percent of the surveyed portion of the line showed U-238 less than the calculated MDA level 
of 7,840 dprn/lOO cm2. The total remaining U-238 activity in drain line C is estimated as 
533 &i. Drain line C was partially filled (an estimated 75 percent filled) with grout. 

, 

Drain Line D 

Drain line D runs north to south, is located south of the pipe chase and has an as-built 
length of 185 ft. Approximately 124 ft (67 percent) was accessible and surveyed. The results 
of the survey of accessible areas showed U-238 surface activity ranging from less than 
3,270 dpm/lOO cm2 (MDA) to 10,941 dpm/lOO cm2, with an average of 1,850 dprn/lOO cm2 and 
an UCbS of 2,150 dprn/lOO cm2. Approximately 89 percent of the surveyed portion of the line 
showed U-238 less than 5,000 dpm/lOO cm2 with 87 percent of the line indicating no detectable 
activity (<MDA). The total remaining U-238 activity in drain line D is estimated as 1.7 PCi. 
Drain line D was plugged at the pipe chase as previously described for drain line B. 

Drain Line E 

Drain line E initially runs east to west, angles off to run north to south, is located south 
of the pipe chase and has an as-built length of 170 ft. Approximately 82 ft (48 percent) was 
accessible and surveyed. The results of the survey of accessible areas showed U-238 surface 
activity ranging from less than 2,940 dpm/lOO cm2 (MDA) to 5,484 dpm/lOO cm2, with an 
average of 2,210 dpm/lOO cm2 and an UCbS of 2,480 dpm/lOO cm2. Approximately 98 percent 
of the surveyed portion of the line showed U-238 surface activity less than 5,000 dpm/lOO cm 
with 66 percent of the line indicating no detectable activity (C MDA). Drain line E did not 
exceed the U-238 criteria based on a limit of 5,000 dpm/lOO cm2 when averaged over any 1 m2 
area. However, it was included in this report since the removable portion of the uranium (in 
the surveyed area) could not be directly quantified using the Pipe Explorer” system. The total 
remaining U-238 activity in drain line E was estimated as 1.85 PCi. Drain line E was plugged 
at the pipe chase. 
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Drain Line F 

Drain line F runs south to north and has an as-built length of 30 feet. Drain line F was 
inaccessible due to GM production operations in the area. Because drain line F is only 30-ft 
long, it has a negligible impact on the overall oil collection system assessment. Because of its 
minor impact, and since no survey data is available, drain line F is not included separately in 
the dose calculations. It is considered in the use of conservative estimates of total (drain line F 
and M25) activity as part of the assessment of manhole M25. Drain line F was plugged at 
manhole M25. 

Drain Line G 

Drain line G runs west to east, is located north and parallel to the pipe chase and has an 
as-built length of 145 ft. Approximately 106 ft (73 percent) was accessible and surveyed. The 
results of the survey of accessible areas showed U-238 surface activity ranging from less than 
3,280 dprn/lOO cm2 (MDA) to 3,307 dpm/lOO cm2, with an average of 1,110 dpm/lOO cm2 and 
an UCbS of 1,220 dpm/lOO cm2. The total remaining U-238 activity in drain line G was 
estimated as 0.78 ,&i. Approximately 100 percent of the surveyed portion of the line showed 
U-238 less than 5,000 dpm/lOO cm2 with 99 percent of the line indicating no detectable activity 
( < MDA). While drain line G did not exceed the total U-238 contamination criteria, it was 
included in this report since the amount of removable contamination could not be directly 
quantified with the Pipe Explorer” system. Drain line G was plugged at Ml. 

Drain Line H 

Drain line H runs west to east, is located south and parallel to the pipe chase and has an 
as-built length of 45 ft. Approximately 21 ft (47 percent) was accessible and surveyed. The 
results of the survey of accessible areas showed U-238 surface activity ranging from 
36,637 dprn/loO cm2 to 1,314,289 dpm/lOO cm2, with an average of 361,000 dpm/lOO cm2 and 
an UC& of 789,000 dpm/lOO cm2. The total remaining U-238 activity in drain line H is 
estimated as 156 PCi. Drain line H was filled with grout. 

Drain Line I 

Drain line I runs east to west, is located south and parallel to the pipe chase and has an 
as-built length of 60 ft. Approximately 19 ft (32 percent) was accessible and surveyed. The 
results of the survey of accessible areas showed U-238 surface activity ranging from 
18,668 dpm/lOO cm2 to 752,077 dpm/lOO cm2, with an average of 166,000 dpm/lOO cm2 and 
an UCb, of 256,000 dprn/lOO cm2. The total remaining U-238 activity in drain line I is 

’ estimated as 67 PCi. Drain line I was filled with grout. 
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3.4 SUMP& PITS, AND MANHOLES 

The following sections describe remaining residual radioactivity conditions in sumps, pits, 
and manholes. Unlike individual drain lines, most other areas at the site (including sumps, pits, 
and manholes) were surveyed with standard portable health physics instrumentation. Both direct 
and transferable residual radioactivity levels were measured, with beta/gamma surface activity 
being the limiting factor in determining areas meeting the uranium surface activity criteria. 
Because of this,. only beta/gamma surface activity levels (in dpm/lOO cm2) are summarized in 
the following paragraphs.- Like the Pipe Explorer” system, the portable instruments were 
calibrated with a Sr-90/Y-90 source; therefore, total beta-gamma activity was assumed to be 
equivalent to U-238 activity for total residual activity and dose calculation purposes. 
Calculations of total residual uranium activity for each sump, pit, or manhole are included in 
Appendix B. 

Sump No. 3 

Sump No. 3 is a cylindrical unit approximately 20-ft deep (the first 3 ft being brick) with 
a 4~ft diameter, is located north of the pipe chase and is thought to have received effluent from 
Ml and drain line C. The results of the surveys at sump No. 3 showed surface activity ranging 
from less than the MDA of 790 dpm/lOO cm2 to 215,064 dpm/lOO cm2, with an average of 
23,800 dpm/lOO cm2 and an UCI+ of 55,800 dpm/lOO cm2. The total remaining U-238 activity 
in sump No. 3 is estimated as 62 &i. Sump No. 3 was backfilled with CLSM and concrete 
(top 4 ft). 

OilNCIater Separator (Oil Trap Pit) 

Results from the surveys of the oil/water separator (oil trap pit) showed surface activity 
ranging from less than the MDA of 797 dpm/lOO cd to 108,933 dpm/lOO cm2, with an average 
of 9,020 dpm/lOO cm2 and.an UCL, of 12,900 dpm/lOO cm2. The total remaining U-238 
activity in the oil/water separator is estimated as 15 PCi. The oil/water separator was backfilled 
with CLSM and concrete (top 4 feet). 

42-in. Sump 

The 42-in. sump is a cylindrical unit approximately 11.5-e deep with a 42-m diameter, 
is located south of the pipe chase and extrusion pit areas, and is believed to have received 
effluent from drain lines H and I. Results from the radiological surveys showed surface activity 
ranging from less than the MDA of 723 dprn/lOO cn? to 4,391 dprn/lOO cm2, with an average 
of 1,150 dprn/lOO cm2, and an UCL, concentration of 2,380 dpm/lOO cm2. The 42-m sump 
did not exceed the surface activity criteria for uranium. Thus, dose assessment is not required 
for this location. The 42-m sump was backfilled with CLSM. 
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Manhole 1 (Ml) 

Ml is located northwest of the pipe chase. Like manholes M2, M15, M16, and M25, 
Ml is an octagonal-shaped pit with a depth of 6.5 ft and a diameter of 7 ft. Results from the 
radiological surveys showed surface activity ranging from less than the MDA of 
818 dpm/lOO cm2 to 4,727 dpm/lOO cm2, with an average of 600 dpm/lOO cm2, and an UCbs 
concentration of 754 dpm/lOO cm2. Ml did not exceed the surface activity criteria for uranium. 
Therefore, a hazard assessment for Ml is not required. Ml was filled to the top with CLSM. 

Ml Electrical Conduit 

Electrical conduit lines extended approximately 145 ft east, south and north of Ml. 
Survey results from the Pipe Explorer” system showed U-238 surface activity ranging from less 
than the MDA of 3,350 dpm/lOO cm2 to 1,767 dpm/lOO cm2, with an average of 
779 dprn/lOO cm2 and an UCbs concentration of 842 dprn/lOO cm2. Ml electrical conduit did 
not exceed the surface activity criteria for uranium. However, Ml electrical conduit is included 
in this report since the removable surface activity could not be directly quantified using the Pipe 
Exployer”. Ml electrical conduit was filled with CLSM. 

Manhole 2 (M2) 

M2 is located north of the pipe chase and is indirectly tied into drain line C. Located 
underneath a compressor room, M2 was inaccessible for sampling and remediation. M2 was 
indirectly backfilled with CLSM through the duct banks. Because no data is available on residual 
uranium levels in M2, a conservative estimate of U-238 concentration was based on the highest 
U-238 sludge concentration measured in the oil collection system during previous ORNL 
surveys. A sludge sample from the 42-m sump inlet line contained 21,000 pCi/g of U-238 
(ORNL 1982). This result was used as a source term estimate for M2. 

Manhole 15 (M15) 

Ml5 is located south of the pipe chase, east of the 42-m sump. Results from the 
radiological surveys showed surface contamination ranging from less than the MDA of 
795 dprn/lOO cm2 to 13,598 dpm/lOO cm2, with an average of 1,920 dpm/lOO cm2, and a UCbs 
concentration of 2,480 dprn/lOO cm2. Ml5 was filled to the top with CLSM. Based on the 
post-remedial action survey data, Ml5 appears to contain residual uranium surface activity at 
concentrations less than the criteria for use without radiological restrictions 
(< 5,000 dprn/lOO cm2 average, < 15,000 dpm/lOO cm2 maximum, and < 1,000 dpm/lOO cm2 
removable. Therefore, Ml5 was not carried through the hazard assessment. 

Ml5 Electrical Conduit 

Electrical conduit lines extend approximately 155 ft east and west of M15. Results from 
radiological surveys using a thin wall Geiger-Mueller (G-M) detector (Eberline HP-270) showed 
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beta-gamma surface activity ranging from 3,711 dpm/lOO cm2 to 11,328 dpm/lOO cm2, with an 
average of 7,180 dpm/lOO cm2, and a UCJ.+ concentration of 7,630 dpm/lOO cm2. The 
remaining U-238 activity in Ml5 electrical conduit iines is estimated as 5.2 ,&i. Ml5 electrical 
conduit lines were filled with CLSM. 

Manhole 16 (M16) 

Ml6 is connected to the south end of drain line A. Ml6 was previously filled with 
concrete by GM personnel and was inaccessible for 1995 site remediation efforts. .Historical 
data (ORNL 1982) were used to determine residual radioactivity levels remaining in M16. Two 
samples were taken from Ml6 by ORNL and characterized as dirt, crud, and scale. Samples 
taken from the lip and bottom of Ml6 showed concentrations of 5,600 pCi/g and 15,000 pCi/g 
U-238, respectively. The maximum concentration of 15,000 pCi/g U-238 (30,000 pCi/g total 
uranium) was used as the source term concentration for M16, and drain line A which exits M16. 

Manhole 2.5 (M25) 

M25 is located south and directly tied into drain line F. M25 is located under a conveyer 
in use by GM personnel and was inaccessible for much of the 1995 sampling and remediation 
activities. A grab sample of sludge taken from M25 contained 86 pCi/g of U-238. This result 
was used to assess potential doses at M25. M25 was filled indirectly with CLSM. 

3.5 FLOOR DRAINS 

The 1982 ORNL analytical results were utilized to assess residual radioactivity 
concentrations in floor drains north of the extrusion pit area. Three floor drains were sampled, 
FDl, the lip of FD2, and FD3. The sample material was characterized as dirt, crud, and scale. 
Analytical results showed 20 pCi/g, 480 pCi/g, and 11,000 pCi/g U-238, for FDl, the lip of 
FD2, and FD3, respectively. The highest of these results, 11,000 pCi/g U-238 (22,000 pCi/g 
total uranium) was used as the exposure point concentration or source term for floor drains north 
of the extrusion pit area. The floor drams were previously covered with a concrete slab by GM. 

3.6 PIPE CHASE 

Remedial actions were required only for a 155-e section of the pipe chase located north 
of the extrusion pit areas. Although not completely rectangular in geometry, the typical 
dimensions for this section of the pipe chase are a height of 5.5-ft and width of 3.5-ft. 

Accessible areas of the pipe chase were remediated to uranium surface activity cleanup 
guidelines. Radiological surveys applicable to the pipe chase include inner pipe chase surfaces 
(floor and walls) and the pipe chase “cover” or iron grate. Results from radiological surveys 
showed surface contamination ranging from less than the MDA of 741 dpm/lOO cm2 to 
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8,426 dpm/loO cm2, with an average of 722 dpm/lOO cm2, and a UCbS concentration of 
774 dpm/lOO cm2. After remedial actions, the pipe chase area did not exceed the uranium 
surface activity cleanup guidelines. Therefore, hazard assessment of the pipe chase is not 
required. 

3.7 DATA EVALUATION SUMMARY 

The following areas were decontaminated to levels less than the uranium surface activity 
cleanup guidelines and are not included in this hazard assessment: Ml, M15, the 42-m sump, 
and the pipe chase. The following areas may contain residual uranium at concentrations greater 
than the surface activity criteria, and are included in this hazard assessment: drain lines A, B, 
C, D, E, F, G, H, I, and the electrical conduit lines from Ml and M15; sump No. 3 and the 
oil trap pit; manholes M2, M16, and M25; and the extrusion pits and floor drains. A summary 
of the results from the post-remedial action surveys from the areas surveyed in 1995 is provided 
in Table 3-l. 
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4. EXPOSURE ASSESSMENT 

4.1 INTRODUCTION 

Most of the residual radioactive material from former AEC operations at the GM site was 
removed through remediation efforts conducted in 1976, 1977, and 1995. The only remaining 
areas with residual uranium greater than cleanup guidelines are the extrusion press pits, the oil 
collection system (including selected manholes, sumps, and drain lines), and the’ former floor 
drains under the existing floor of the plant in the area of former uranium extrusion operations. 
This assessment was designed to assess potential current and future doses to workers caused by 
exposure to the low-level uranium remaining in these areas. Because the facility has been an 
operating industrial plant for approximately 40 years, and land use is likely to remain industrial, 
only potential worker exposures were evaluated. 

Because the remaining residual radioactivity at the GM site is contained in inaccessible 
areas which have been plugged or grouted closed or are under the floor slab, potential future 

t exposures to workers are very unlikely. No workers are currently being exposed to the 
remaining uranium at the site. However, to assess the hazard associated with the remaining 
material, it was assumed that at some point workers could be exposed, either through non- 
routine maintenance work which required breaking into the grouted areas or through future 
activities which involve large scale demolition or renovation operations. With this in mind, two 
scenarios (a non-routine maintenance worker and a future renovation worker) were included in 
the dose assessment. 

Residential exposures to residual radioactive materials on the site were not considered 
reasonable, since land use will likely remain industrial. However, a qualitative evaluation was 
performed of the potential for leaks from the sumps and drains system to soils beneath the plant, 
and then to groundwater. As part of the remedial action, a sample of sludge from the oil 
collection system was analyzed to determine its distribution coefficient (KJ. The & value 
provides a measure of how mobile the uranium compound is likely to be in the environment. 
Results from this analysis showed an average & value of 30,000 milliliter (ml)/g, indicating that 
the uranium from the GM site is highly immobile and, thus, is not likely to be a potential 
groundwater problem in the unlikely event that the system leaked. Work performed on the drain 
system during the 1995 remediation showed that the system was holding large volumes of oil 
and water. This observation suggests that the system is intact and that significant leakage to the 
soils under the facility is unlikely. 

For purposes of developing supplemental standards, the receptors with the most likely 
potential for exposure are current or future workers at the facility. The exposure scenarios 
considered for this assessment included a current or future (non-routine) maintenance worker, 
and a future renovation worker. These exposure scenarios are discussed in detail in the 
following sections. 
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4.2 IDENTIFICATION OF EXPOSURE PATHWAYS 

To determine radiation dose to a worker, it is necessary to understand how radioactive 
materials move from the source (pipes or sumps containing residual uranium) to the point where 
the material can come in contact with (expose) a worker. The course, or “exposure pathway” 
that uranium must move through in order to cause exposures can be described using a block 
diagram representing a conceptual exposure model. The conceptual site model for the worker 
exposure scenarios is shown in Figure 4-l and discussed below. 

4.2.1 Non-Routine Maintenance Worker Scenario 

Under the non-routine maintenance worker scenario, doses were characterized for non- 
routine maintenance work which would involve short-term intrusive activities under the floor 
slab. This scenario is not meant to represent current maintenance worker activities. The non- 
routine maintenance scenario is intended to provide a reasonable estimate of potential radiation 
doses associated with future work activities which may involve breaking into the grouted floor 
drains, manholes, or drain lines, (e.g., excavation for new utility lines). It assumes that some 
physical activity must take place to bring the residual uranium in pipes or sumps into contact 
with a worker. However, the activities associated with non-routine maintenance work are of 
short-term duration and involve exposure to only a single contaminated location (e.g., one drain 
line or manhole, not the entire oil collection system). This scenario is intended to provide an 
assessment of potential doses based on realistic activities and exposures associated with likely 
assembly line process modifications. 

Routes of exposure for the maintenance worker include direct exposure to external 
gamma radiation, inhalation of contaminated dust, and ingestion of contaminated material during 
intrusive work activities below the building floor. 

,~ 
4.2.2 Future Renovation Worker Scenario 

Under the future renovation worker exposure scenario, it was assumed that workers could 
be exposed through participation in large scale renovation operations at the facility. Such 
renovation operations could consist of several activities including partial demolition of the 
building, removal of part of the floor in the extrusion press area to add new process equipment, 
or removal of selected portions of the old underground drain system to allow for new process 
equipment or drain lines. 

Routes of exposure for the future renovation worker are the same as for the maintenance 
worker and include exposure to direct external gamma radiation, inhalation of contaminated dust, 
and ingestion of contaminated soil. The primary differences between the two projected exposure 
scenarios is the time of exposure, and the number of locations that a worker could be exposed. 
It is assumed that the future renovation worker could be exposed for a longer time period, and 
to potentially more contaminated locations than the non-routine maintenance worker. An 
example would be removal of the entire floor slab during building demolition. This would result 
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Figure 4-1. Conceptual Site Model for the GM Site Hazard Assessment 



in potential exposures to many (if not all) portions of the oil collection system. The future 
renovation worker scenario thus provides an estimate for the potential worst case future 
exposure. 

4.3 EXPOSURE PARAMETERS 

To the extent possible, exposure factors and parameters recommended by the U. S. 
Environmental Protection Agency (EPA) or NRC for conducting radiological dose and risk 
assessments were used in this assessment for standard exposure conditions. These standard 
exposure parameters were taken from Risk Assessment Guidance for Superfund (RAGS) (EPA 
1989) and related guidance, documentation supporting the RESidual RADioactivity (RESRAD) 
computer model (Gilbert et al. 1989, Yu et al. 1993a, Yu et al. 1993b), and the NRC’s 
NUREG CR 55 12 Residual Radioactive Contamination from Decommissioning - Technical Basis 
for Translating Contamination Levels to Annual Dose (1992). Dose conversion factors from 
Federal Guidance Reports 11 and 12 were used to estimate annual radiation doses (EPA 1988, 
EPA 1993). 

Because the conditions at the GM site are not very similar to a standard Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA) site, many of the default 
exposure assumptions used for EPA and NRC risk and dose assessments are not appropriate for 
use in this hazard assessment. For these situations, judgement was used to select parameters that 
represent anticipated future conditions. In particular, engineering estimates of the time required 
(days/year [yr]) for renovation or maintenance activities were used in place of the standard EPA 
worker default exposure frequency of 250 days/yr. The critical site-specific exposure parameters 
used in the analysis are presented in Table 4-l and described in more detail in the following 
sections. 

4.3.1 Maintenance Worker Scenario 

The maintenance worker exposure scenario was based on the assumption that a worker 
could be exposed to residual uranium during nonroutine maintenance work which involved 
cutting through the concrete floor and into the former extrusion pits, sumps, drain line system, 
or floor drains. The non-routine maintenance work was assumed to occur over a two-week 
(lo-day) period, with a worker working for l0 hrs/day for most areas (drain lines and extrusion 
pits). This time frame is based on engineering estimates done by BNI of the work required to 
remove the drain system around the 42-in. sump. For more localized areas like a single 
manhole or the floor drains, 3 days of work at 10 hr/day was used to estimate doses from 
maintenance activities. 
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Table 4-l. Critical Exposure and Intake Parameter6 
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Thickness of Residual Contamination (cm) 

Density of Contaminated Material (g/cm3) 1.5 1.5 

Inhalation Rate (m3/hr) 0.89 0.89 

Mass Loading (g/m’> , I 1.0 x lOA I 1 x 1oA 

Respirable Fraction 30 % 30 % 

Ingestion Rate (g/day) 0.1 0.1 

Exposure Time @r/day) I 10 I 10 

Exposure Frequency (days/yr)g 
Drain lines 10 43 
Manholes, sumps, floor drains 3 18 (total group) 
Extrusion pits 10 10 
Total renovation 71 (total renovation) 

The non-routine maintenance worker is assumed to be exposed to any single area (e.g., a drain line, or a sump) for the 
exposure frequency listed. The renovation worker is assumed to be exposed to all areas of the site for a total of 71 days in a 
year. This exposure consists of 43 days work on the drain lines, 10 days work on the extrusion pits, and 3 days each at 
manholes M2. M16, M25. sump #3, the oil trap pit, and the floor drains (3 days for all floor drains). 

The hypothetical maintenance worker was assumed to incidentally ingest 100 milligrams 
(mg) of contaminated material per day and have an inhalation rate of 0.89 m3/hr (7,800 m3/yr). 
This inhalation rate is based on a reasonable worst case for indoor work activities, and assumes 
25 percent of the average day (24 hours) is spent at a resting activity level, 60 percent at a light 
activity level, 10 percent at a moderate activity level, and 5 percent at a heavy activity level (Yu 
et al. 1993b). The average indoor dust loading during non-routine maintenance work was 
estimated as 1 x 104 g/m3 (NRC 1992). As a conservative estimate of airborne activity, it was 
assumed that the only source of dust is the radioactive material (i.e., the airborne dust is made 
up entirely of radioactive material) and that 30 percent of the dust particles are of respirable size 
(Paustenback 1989). 

4.3.2 F’uture Renovation Worker Scenario 

The renovation worker exposure scenario provides an upper bound estimate of potential 
future worker exposures inside the GM production facility. This scenario assumes that a 
renovation worker would conduct extensive intrusive activities including complete removal of \ the oil collection system and excavation/removal of the extrusion pits,. manholes, and sumps. 
This exposure scenario is similar to the non-routine maintenance scenario, except that the work 

PuSO59P/O625% 4-5 



activities are assumed to be much more extensive, and thus exposure times are longer for the 
future renovation worker scenario. Routes of exposure for the renovation worker include direct 
external gamma radiation, inhalation of contaminated dust, and ingestion of contaminated 
material during work activities around the oil collection system and other sub-floor locations. 

Because the future renovation worker scenario could consist of several activities, the 
estimate of potential worker exposure time was based on the estimated number of days required 
to completely remove the existing drain line system, plus extrusion pits and other portions of the 
oil collection systems. As part of the remediation planning for the GM site, it was estimated 
that 43 days would be required to completely remove the drain lines associated with the oil 
collection system (BNI 1995c). Each work day was estimated as 10 hours long. The future 
renovation worker was assumed to spend a total of 43 days working at various portions of the 
drain lines, with the time spent around each individual drain line in proportion to the length of 
that line (i.e., it would take longer to remove the long lines than the short lines). In addition 
to the time spent in removal of the drain lines, it was assumed that a future renovation worker 
would spend approximately 10 days of work in removing the old extrusion press pits, 3 days in 
removal/demolition of each major sump or manhole (sump No. 3, the oil trap pit, M2, M16, 
and M25), and 3 days in removal of the old floor drains. This results in a total renovation 
period of 71 days. 

The hypothetical renovation worker was assumed to ingest ibo mg of contaminated 
material each day and have an inhalation rate of 0.89 m3/hr (7,800 m3/yr). The overall average 
dust loading during renovation work was estimated as 1 x 104 g/m3. As with the maintenance 
worker scenario, all of the airborne dust was assumed to originate from the residual uranium 
material, and 30 percent of this material was assumed to be of respirable size. 

4.4 EXPOSURE POINT CONCENTRATIONS 

4.4.1 General Source Term and Exposure Point Concentration Calculations 

Exposure point concentrations are the radioactive material concentrations at the location 
where a receptor could be exposed. For most locations, exposure point concentrations were 
based on measurements taken during the 1995 remedial actions (described in detail in Section 3). 
For locations where measurements were not possible (e.g., extrusion press pits, floor drains, 
M2, M16, and M25), estimated exposure point concentrations were based on measurements 
taken by ORNL during the last (1976, 1977) remedial actions, if available, or estimated based 
on results for similar areas at the site. 

For this assessment, the exposure point concentrations for both extrusion pit sands and 
pipe surface contamination were calculated using EPA guidance for baseline risk assessments 
under CERCLA. The UCbS estimate of the mean concentration was used as the best estimate 
of the reasonable maximum exposure point concentration (RME) for each radionuclide, for each 
exposure point assessed. 
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While the facility handled depleted, enriched, and natural uranium, it is assumed that 
exposures can be characterized reasonably by treating the contamination as natural uranium. 
This assumption is,supported by high volume air samples taken inside the facility by ORNL and 
analyzed for U-234, U-235, and U-238. Those air samples which collected a significant mass 
of uranium showed isotopic ratios consistent with natural uranium (ORNL 1982). For natural 
uranium in secular equilibrium with its decay products, the activity of U-234 is equal to the 
U-238 activity. In addition, based on the activity ratios for natural uranium, U-235 was assumed 
to be present at 4.6 percent of the U-238 activity concentration. 

Most of the exposure point concentrations are based on direct contamination 
measurements taken during the 1995 remedial actions using the Pipe Explorer”’ system. These 
contamination measurements are expressed as U-238 equivalent surface activity levels in 
dpm/lOO cm’. The measurements used from the 1982 ORNL survey report are based on 
samples of sludge or scale and are expressed in units of pCi/g of U-238. The U-238 equivalent 
exposure point concentrations for each area are summarized in Table 4-2 and discussed in the 
following sections. 

4.4.2 Exposure Point Concentrations for Filled Drain Lines, Manholes, and Sumps 

For exposures associated with the residual uranium in the sub-floor areas related to the 
oil collection system, it was assumed that a maintenance or renovation worker would perform 
intrusive activities which could cause contact with (or release of) contained radioactive materials. 
To cause inhalation or ingestion exposures, a worker would have to physically cut into the filled 
or plugged drain lines, sumps, or manholes; causing the residual radioactive *material to be 
released as airborne contaminated dust, or as removable surface contamination. Similarly, direct 
gamma exposures would be possible only if the grout and concrete shielding in and over the 
sumps, manholes, extrusion pits, and drain lines were removed. The amount of material 
released and made available for inhalation, ingestion, and direct gamma exposures would be 
dependent on many variables including: the number of cuts made into the contaminated line or 
manhole; how much contaminated surface area was exposed in each cut; the type of equipment 
used for cutting, and its effectiveness; the amount of time necessary ‘to cut into the, grouted 
contaminated areas; and the geometry (distance) of the worker and the contaminated areas. 
While some exposures may be possible after grouting and plugging sumps, manholes, and drain 
lines, these containment measures will significantly reduce the exposure point concentrations, 
and thus the potential for future exposures. 

To account for the reduced potential for exposure through concrete fill and/or plugging, 
the method used to calculate source term activity concentrations included use of a factor to 
account for the reduction of uranium concentrations by addition of foam, concrete (grout), or 
CLSM. The first step in this method was to calculate the remaining activity level (total activity 
inventory) for each area where residual uranium levels (greater than the DOE and NRC criteria) 
remain. The total activity calculations were based on the results of post remedial action survey 
measurements taken with field instrumentation (see Appendix B). Using the results of the total 
activity calculations, an average activity concentration (pCi/g) value was then determined for 
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Table 4-2. Exposure Point Concentrations 

Exposure Point Location 

Drain Lines 

Status 

Pre-Fill Exposure Point 
Concentration 

(U-238 dpm/lOO cm’) 

Source Term 
Reduction 

Factor 

Post-Fill Exposure Point 
Concentration 

(U-238 dpm/lOO cm’) 

B plugged at pipe chase (foam) 9,580 1.2 7,983 
c ’ partially filled (75 %) with grout 608,000 31 19,613 
D plugged at pipe chase (foam) 2,150 1.1 1,955 
E plugged at pipe chase (foam) 2,480 1.1 2,255 
G plugged at Ml (foam) 1,220 1.1 1,109 
H filled with grout 789,009 42 18,786 
I filled with grout 256,008 42 6,095 

Ml elec. conduit filled with grout 842 31 27 
Ml5 elec. conduit filled with grout 7,630 31 246 

Manholes 

M2’ backfilled w/CLSM and concrete 
Ml6 previously filled by GM 
M25 backfilled w/CLSM 

21 ,tXlO pCi/g 
15,000 pCig 

86 pCi/g 

12 1,750 pCi/g 
12 1,250 pCi/g 
12 7 pCi/g 

Surnps 
#3 backfilled w/CLSM and concrete 55,800 342 163 

Oil Trap Pit backfilled w/CLSM and concrete 12,900 229 56 

Extrusion Press Pits filled with sand by GM NA NA 52 pCi/g 

Floor Drains covered with concrete by GM 11,000 pCi/g lob 1,100 

Notes: 
‘M2 was inaccessible, exposure point concentration based on the highest measured U-238 sample taken from a pre-remedial action sludge sample. 
Result from ORNL 1982 (Sludge data from 42-m. sump line). 
bFloor drain source term reduction factor unknown, and since previously covered by GM assumed to be 10 as a conservative estimate. 
NA = not applicable 



I 

each area of concern. This initial activity concentration calculation was based only on the total 
activity, and the estimated mass of the residual contamination. The estimated mass of 
contamination was based on an assumed contamination thickness of 0.1 cm, and density of 
contaminated material of 1.5 g/cm3. Because most areas were flushed or pressure washed prior 
to contamination measurement, it is likely that most residual ‘contamination is in the form of 
fixed pipe scale, and thus an estimated thickness of 0.1 cm is appropriate. Because the 
contaminated material removed from drain lines, sumps, and manholes was a gritty, oily 
material, a density of 1.5 g/cm3 (approximately equal to soil) was considered reasonable. The 
methods described above for estimating activity concentration from surface activity 
measurements are consistent with methods approved for use in the Baseline Risk Assessment for 
the St. Louis Site (DOE 1993). 

For those areas which contain residual uraniums and were filled with concrete or CLSM, 
a second activity concentration (“post-fill” concentration) calculation was performed using the 
total activity value, and the mass of the added fill material. The average post-fill concentration 
is simply the total residual activity for each drain line or manhole divided by the mass of the 
concrete or CLSM injected into that drain line or manhole. The post-fill activity concentration 
for each area provides a reasonable estimate of the actual average uranium concentration which 
could be encountered by a maintenance (or renovation) worker under expected future intrusive 
work activities. Similarly, the ratio of the “pre-fill” concentration to “post-fill” concentration 
provides an estimate of the activity concentration reduction, and thus potential dose reduction 
obtained by the containment measures utilized during the remedial actions. Table 4-2 includes 
a summary of the pre- and post-fill concentrations, and the “source term reduction factors” 
(ratio of pre-fill concentration to post-fill concentration) used for the dose assessment of grouted 
areas. It should be noted that while filling areas reduces the potential for exposures both by 
containment of radioactivity, and reduction of source term activity concentration (for the portion 
of the area filled), this method only takes credit for reducing the activity concentration. For 
calculation of doses (as discussed below), it is still assumed that the residual uranium is 
ultimately released from the concrete or grout containment and is made available for exposures. ’ 

4.4.3 Exposure Point Concentrations for the Extrusion Pits 

The uranium exposure point concentrations for the former extrusion press pits are based 
on the results of core samples taken in the extrusion pits during the 1977 ORNL survey (ORNL 
1982). For the 11 samples taken during this survey, U-238 concentrations ranged from 
0.6 pCi/g to 210 pCi/g. The UC!bs estimate on the mean U-238 concentration, measured in 
samples of the extrusion pit fill sand taken by ORNL, was used as the exposure point estimate 
for the extrusion pit area. This exposure point concentration is 52 pCi/g U-238 (104 pCi/g total 
uranium). 

4.4.4 Exposure Point Concentrations for the Former Floor Drains 

The exposure point concentration used to represent the former floor drains areas is based 
on measurements taken during the 1977 ORNL survey (ORNL 1982). ORNL took three 
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samples from three floor drains in the area of the former extrusion press operations, The 
maximum U-238 concentration in these samples was 11,000 pCi/g. The maximum measured 
floor drain uranium concentration of 11,000 pCi/g U-238 (22,000 pCi/g total uranium was used 
as the exposure point concentration for the floor drains. 
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5. DOSE CHARACTERIzATION 

5.1 DOSE CHARACTERIZATION METHODS 

The methods used to calculate potential future radiation doses associated with residual 
uranium at the GM site are based on methods used for assessing doses from residual 
radioactivity in soils following remedial actions. Because the GM site is not a typical 
environmental restoration site with primarily soil contamination, these standard methods were 
modified to incorporate site-specific conditions. In particular, residual radioactivity at the GM- 
site is confined to enclosed areas such as drain lines, sumps, and manholes. In addition, at most 
locations where uranium could not be completely removed, flowable concrete or CLSM was 
pumped into the area (drain line, sump, or manhole) to further contain any residual uranium. 
To account for these differences, a method for reducing the source term concentration based on 
the amount of dilution or containment afforded by the grouting process was developed (as 
described in Section 4.4.3). 

For calculating future doses associated with grouted or filled areas, the original source 
term (exposure point) concentration was divided by the concentration reduction factor 
(determined by methods described in Section 4.4.3) for that location to determine the likely 
exposure point concentration to a worker under intrusive work conditions. In addition, doses 
were calculated without consideration of the containment methods (i.e., it was assumed that at 
some point in the future some work activity would cause partial release of the uranium) to 
provide a very conservative worst case comparison value. 

Dose conversion factors (DCFs) used in calculation of total doses are based on DCFs 
listed in EPA Federal Guidance Reports 11 and 12. To simplify the dose calculations, the DCFs 
for U-238, U-234, and U-235 were combined into a single total uranium DCF value including 
all short-lived decay products. ‘The total uranium DCF was calculated as an activity-weighted 
average for natural uranium, based on the U-238, U-234, and U-235 natural activity ratio of 
1: 1:0.046. Results from contamination measurements of Ill238 equivalent were converted to 
total uranium equivalent by multiplying by two prior to use with the total uranium DCFs. 

Because the non-routine maintenance worker scenario is a short-term exposure scenario, 
the results from dose calculations for each significant exposure point are considered separately. 
It is reasonable to assume that a worker could perform all of the estimated maintenance work 
at a single exposure point location (10 days for drain lines or extrusion pits, 3 days for a 
manhole, sump, or floor drains). Thus, the maximum dose at any single exposure point location 
should provide an upper bound estimate of the potential dose for a future maintenance worker. 

Unlike the short term maintenance worker scenario, potential doses to a renovation 
worker would likely be caused by exposures at several locations. Because future renovation of 
the oil collection system would take approximately 43 days, it is likely that a worker would not 
be exposed at a single location, but would perform work at numerous locations associated with 
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the oil collection system. To account for this movement, a total pro-rated dose was calculated 
for a renovation worker performing 43 days of work on the entire drain line system. A single 
dose for each significant exposure point location was first calculated by assuming that a worker 
performed 43 days of work at that location. Then each exposure point dose was pro-rated 
(multiplied by the fraction of 43 days expected at that location) and summed to give the total 
estimated renovation worker dose for all drain lines. The fractions used to pro-rate individual 
location doses were based on the length of each line compared with the total length of line. 
Exposure times of 3 days for each major manhole, sump, or pit (and all floor drains), and 10 
days for the extrusion pits were used to calculate separate doses for these areas. As a worst case 
estimate for the renovation worker, doses from each of the separate exposure point locations 
were summed. The summed renovation worker dose represents the total dose for work over 
7 1 days (43 days for drain lines, 10 days for extrusion pits, and 18 days total for manholes, 
sumps, and floor drains). 

5.2 DOSE CHARACTERIZATION RESULTS 

Results from the dose calculations for the non-routine maintenance worker and renovation 
worker scenarios are summarized for each major exposure group (area of concern) in Tables 5-l 
and 5-2. Detailed dose calculation spreadsheets are provided in Appendix C. The three general 
exposure groups for dose assessment were established on the basis of similar process history 
(e.g., drain lines, sumps), or similar type of characterization information (e.g., manholes and 
areas previously filled by GM). Results for each scenario with consideration of containment 
methods (i.e., plugging or filling drain lines with foam or grout, filling manholes with grout or 
CLSM) are shown in Table 5-l and should be considered most representative of likely future 
conditions. 

The doses shown in Tables 5-l and 5-2 for the maintenance worker scenario are the 
maximum doses calculated for any single location within the exposure group. For the 
maintenance worker, if containment is considered, estimated doses (based on the maximum dose 
from a single location within each group) are 0.8 mrem/yr for the drain lines (drain line C); 
0.7 mrern/yr for the manholes and areas filled by GM group; and 0.002 mrem/yr for the sumps 
group. As discussed in Section 3, the doses shown for the non-routine maintenance scenario are 
based on all work around a single contaminated location to simulate the potential exposures from 
installation or removal of process equipment. Ingestion of contaminated material and inhalation 
of contaminated dust are the primary pathways contributing to these doses. 

For the renovation worker scenario, dose estimates are based on the assumption of a 
large scale renovation or demolition project which involves exposures to all areas of the drain 
lines for 43 days, exposures to the major manholes, pits, and floor drains for a total of 18 days 
and exposures to the extrusion pits for 10 days (for a total of 71 days of exposure). If 
containment measures are considered, estimated doses to a renovation worker are 0.9 mrem/yr 
for the overall drain line system; 1.6 mrem/yr for the manholes and areas previously filled by 
GM group; and 0.003 mrem/yr from the sumps group, for a total worst case estimate of 
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Table 5-1. Estimated Doses From Residual Uranium for the Maintenance and Renovation Worker Scenarios 
(With Consideration of Containment Measures) 

Exposure Group Non-Routine Maintenance Worker (mrem/yr) 

Drain lines” 0.8 

Manholes and areas previously filled by GM!’ 0.7 

Sump9 0.002 

Estimated worst-case condition Maximum = 0.8 mrem/yr 

‘Includes drain lines B, C, D, E, G, H, and 1; 
bIncludes M2, M16, M25, floor drains, and the extrusion pits. 
cIncludes sump #3 and the oil trap pit. 

Renovation Worker (mrem/yr) 

0.9 

1.6 

0.003 

Total = 2.5 mrem/yr 

- Doses shown for the non-routine maintenance worker are the maximum dose for any component in the group (e.g., drain line C). 
- Doses shown for the renovation worker are total doses from exposure to all areas or components within each group (e.g.. total for all drain lines). 

Table 5-2. Estimated Doses From Residual Uranium for the Maintenance and Renovation Worker Scenarios 
(Without Consideration of Containment Measures) 

Exposure Group Non-Routine Maintenance Worker (mremlyr) Renovation Worker (mrem/yr) 

Drain lines’ 30 24 

Manholes, sumps, and pitsb 8.1 18 

Areas previously remediated by GM” 0.6 0.8 

Estimated worst-case condition Maximum = 30 mrem/yr Total = 43 mrem/yr 

*Includes drain lines B, C, D, E,. G, H, and I. 
bIncludes M2, M16, M25, floor drains, and the extrusion pits. 
cIncludes sump #3 and the oil trap pit. 
- Doses shown for the non-routine maintenance worker are the maximum dose for any component in the group (e.g., drain line C). 
- Doses shown for the renovation worker are total doses from exposure to all areas or components within each group (e.g.. total for all drain lines). 



2.5 mrem during a year. As with the maintenance worker scenario, renovation worker doses 
are due primarily to ingestion and inhalation of contaminated material. 

Table 5-2 provides a summary of estimated worker doses if containment measures are 
not considered in the dose calculations. Without consideration of containment measures, 
estimated doses to a maintenance worker are 30 mrem/yr for the drain line group (drain line C); 
8.1 mrem/yr for the manholes and areas previously filled by GM group; and 0.6 mrem/yr for 
the sumps group. For the renovation worker scenario, the estimated doses without containment 
measures are 24 mrern/yr for the drain line group; 18 mrem/yr for the manholes and areas 
previously filled by GM group; and 0.8 mrem/yr for the sumps group for a total worst case 
renovation worker dose of 43 mrem/yr. 

The results shown in Table 5-2 do not include consideration of contaminant methods, and 
could only be considered reasonable estimates of possible exposures if no grout or CLSM had 
been used during the remedial actions. These results are shown as a basis for assessing the 
significance of the containment measures and the methods used to account for these measures 
in the dose calculations. They provide a reference point for evaluation of the relative value of 
the containment measures, and for determining if the methods for accounting for these measures 
are reasonable. They should not be considered representative of possible worst case conditions, 
since,they assume that the areas were left accessible after remedial actions, and this is not the 
case. 
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6. UNCERTAINTIES 

To estimate potential future worker doses from residual uranium in the oil collection 
system at the General Motors site several simplifying assumptions were made concerning future 
site conditions. To the extent possible, measured site-specific data were used to limit the amount 
of uncertainty associated with future dose estimates. However, there are several areas in the 
dose assessment process where site-specific data are not available, and assumptions based on 
average or upper bound estimates of reasonable conditions must be used. The net effect of this 
use of multiple conservative assumptions is that the estimates of future dose are usually much 
higher than what is really likely to occur. This section outlines the major uncertainties 
associated with the dose assessment and summarizes how those uncertainties impact the overall 
dose estimates. The discussion of uncertainties is grouped by the following topic areas: data 
collection and evaluation, source term concentration calculations, and exposure point 
concentration calculations. 

6.1 DATA COLLECTION AND EVALUATION 

How data is cohected can have a significant effect on determination of the average or 
UCL, concentration estimate used for dose calculations. At most sites with soil contamination, 
a set of representative samples are used to estimate the site-wide average contaminant level. At 
the GM site, much of the oil collection system was inaccessible and could not be sampled using 
normal methods. To collect sufficient data for dose assessment and remedial action decisions, 
a state-of-the-art pipe surveying system was used to measure residual contamination in the pipes 
(as described in Section 3). This system provided contamination data over every foot (in some 
cases several data points per foot) of pipe length surveyed. Collection of such a high volume 
of data points allows very accurate determination of average contamination conditions, as well 
as high assurance that localized spots of contamination would not be missed if present within the 
area surveyed. Thus, the measurement techniques used for the drain lines help to reduce the 
overall uncertainties for those areas surveyed. All portions of all drain lines could not be 
surveyed (using any method), and this represents one of the uncertainties in the GM site Hazard 
Assessment. However, this is true for any site. As an example, it is physically impossible to 
collect soil samples from every area of most sites with soil contamination. Because extensive 
data was collected over large portions of each of the major drain lines, this data set is believed 
to be representative of overall remaining conditions over the entire drain line system. Thus, 
dose estimates based on this measured data should be representative of the entire drain line 
system. 

The other significant uncertainty in data collection and evaluation involved use of 
maximum concentrations taken from previous surveys (ORNL 1982) for locations which were 
inaccessible during the 1995 remedial actions (e.g., M16, M2, and floor drains), The use of 
maximum concentrations should provide an overest*ate of actual average contamination 
conditions. 
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The net effect of uncertainties in the data collection and evaluation process is likely an 
over-estimation of doses due to use of the UCb, uranium concentration rather than the mean 
concentration for dose calculations. 

6.2 SOURCE TERM CONCENTRATION CALCULATIONS 

To calculate potential doses associated with surface contamination, some assumptions 
must be made with regard to the thickness of the contamination layer and the density of the 
contamination. These values are important because ultimately, it is the total amount of 
radioactivity (pCi) taken into the body (or exposing the body externally) which will determine 
the potential dose to a worker. In order to determine the amount of radioactivity available for 
intake, the radioactivity concentration in pCi/g is multiplied by the grams of material ingested 
or inhaled each year during work activities. Thus, the dose @rem) is directly related to the 
activity concentration @Ci/g) of the material available for intake or exposure. The higher the 
activity concentration, the higher the dose will be. 

Calculation of the source term concentration in pCi/g is critical to estimation of doses and 
the potential uncertainty associated with those dose estimates. For this assessment the source 
term values were actual U-238 surface activity measurements. These surface activity 
measurements in dpm/lOO cm2 were converted to activity concentration in pCi/g using estimated 
values for the thickness and density of the surface contamination layer. Selection of the 
thickness of the contamination layer is a significant uncertainty for the hazard assessment. Since 
the actual contamination thickness was impossible to measure, a conservative estimate was 
developed based on literature values, and information related to the cleanup methods for this 
site. The source term concentration (pCi/g) is calculated by dividing the surface activity level 
by the thickness and density values as shown below: 

pCi/g = (SC x CF)/(T x p) 

where, SC = source concentration in dpm/cm2 
CF = conversion factor of 0.45 pCi/dpm 
T = thickness of surface activity (cm) 
P = density of contamination 

As shown in the above equation, the source term concentration is very sensitive to the 
contamination thickness assumed in the assessment. The thicker the layer of contamination, the 
lower the source term concentration value will be. In NUIEG CRB512, a default 
contamination thickness value of 1 cm is recommended by the NRC for assessments related to 
building occupancy or demolition (NRC 1990). Many of the drain lines at the GM site are 
constructed of carbon steel. It is unlikely that contamination could penetrate uniformly as deep 
as 1 cm into carbon steel (or even clay tile pipes). In addition, these drain lines were cleaned 
using high pressure wash systems. Thus, any residual contamination would likely be confined 
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to a thin layer fixed tightly to the surface of the pipe. For these reasons, a default contamination 
thickness value of 0.1 cm (10 times more conservative than that recommended by NUREG 
CW5512) was used for all contamination measurement conversions. This is the same surface 
contamination thickness used by Argonne National Laboratory (ANL) in the St. Louis Baseline 
Risk Assessment (DOE 1993).. A default value of 1.5 g/cm3 (approximate soil density) was used 
as a conservative estimate of contamination density. 

The net effect of the uncertainty in the source term concentration calculations is likely 
an over-estimation of doses due to the conservative assumption used for contamination thickness. 

6.3 EXPOSURE POINT CONCENTRATION CALCULAt’IONS 

The exposure point concentration is the concentration or amount of radioactivity that is 
available at the location where a worker could be exposed (either now or in the future). The 
exposure point concentration is related to the source term (the original amount of radioactivity 
present at the site), but it is not exactly the same thing. In many assessments, the exposure point 
concentration must be predicted by modeling, using the source term and other information on 
how the radioactivity will travel through the environment to a potential receptor. An example 
of this is contamination of groundwater miles away from a site, caused by burial of radioactivity 
on the site. In the case of the GM site, the source term consists of the material remaining in 
drain lines, manholes, and sumps. The exposure point concentration is the concentration that 
realistically could be expected to escape from these areas under work conditions, and be 
available for inhalation, ingestion, or direct exposure of future workers. To predict the exposure 
point concentrations for the GM site, the encapsulation or containment of the source term 
(original activity in pipes, sumps, and/or manholes) by grouting must be accounted for through 
modeling or other methods. This is analogous to the groundwater exposure point concentration 
modeling described above. 

To account for this containment of source term uranium and the resulting reduction of 
potential exposure point concentrations, a very simple dilution method was used in this 
assessment. The grout (flowable concrete or CLSM) effectively reduces or dilutes the 
concentration of source term material, as well as containing the radioactive material so that 
release is unlikely. In this assessment, it was assumed that at some point in the future the 
material could be released, so no credit was taken for complete containment by grouting. In 
reality, this release of uranium is highly unlikely, and represents another conservative 
assumption in the Hazard Assessment. The resulting exposure point concentration (after 
release), was reduced in part by accounting for dilution caused by the grout material. Thus the 
exposure point concentration calculation approach used in this assessment essentially assumes 
eventual release of the grouted uranium, but at a reduced concentration than would have been 
possible without the grout fill. 

It is possible that under certain conditions (such as cutting through a steel pipe with a 
cutting torch) surface activity attached to the steel could be released with the steel particles 
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without substantial release of the surrounding (encapsulating) grout. Under these circumstances, 
the grout material would not significantly dilute the radioactivity. However, the dose assessment 
includes evaluation of worker exposures under conditions with no containment or dilution by 
grout. Doses to a worker under the conditions described previously for cutting steel would 
likely fall within the range of doses described in this report for conditions with and without 
encapsulation. In addition, it is likely that respiratory protection would be utilized by a worker 
cutting through steel and concrete with a torch or a saw. Respiratory protection was not 
considered in the dose estimates reported in this assessment, but potential doses would be 
substantially reduced with use of respiratory protection if required for other construction safety 
or industrial hygiene considerations. 

The net effect of the uncertainty in the exposure point concentration calculations is likely 
an over-estimation of doses due to the assumption of ultimate release of the contained residual 
uranium. 
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7. SUMMARY AND CONCLUSIONS 

Based on the ‘calculations performed in this assessment, it is concluded that potential 
future exposures from residual uranium in the oil collection system and extrusion pits at the GM 
plant are substantially below the international and national radiation protection guidelines for 
protection of the general public (100 mrem/yr). Conservative dose estimates based on post- 
remedial action conditions indicate that the potential annual dose to a future maintenance worker 
performing non-routine intrusive work in the areas with residual uranium would be less than 
1 mrem. Even under projected major renovation conditions where a worker is exposed to all 
areas of the plant with residual uranium, the estimated dose is approximately 2.5 mrem for a 
renovation event (assumed to occur within a one year period). These doses are well below the 
public dose limit of 100 mrem/yr from all pathways, and less than the proposed NRC and draft 
EPA site cleanup standards of 15 mrem/yr. 

Even if no containment measures (e.g., filling lines and manholes with grout) had been 
taken, projected worst case doses range from approximately 30 mrem to 43 mrem for a 
maintenance worker and renovation worker, respectively. Both, the maintenance and renovation 
events are assumed to occur over a one year period. While these estimates are still less than the 
100 mrern/yr public dose limit, they are based on assumptions that do not represent actual 
conditions at the site (i.e., no containment measures) and thus should be considered a gross over- 
estimate of actual conditions at the site. 

Some uncertainties are present in the data set used to calculate doses. These uncertainties 
include use of historical survey results for areas which were not accessible during the 1995 
remedial actions. However, in most cases when historical data were used, the maximum result 
available was used to calculate dose. Thus, the annual doses shown above are likely over- 
estimates of actual future potential doses. 

The estimated removal cost of just the drain lines at the GM site is $1.2 million (BNI 
1995c). This cost estimate does not include remediation of the extrusion pits, manholes, sumps, 
and floor drains associated with the former extrusion operations. It also does not include the 
cost to GM of shutting down this plant for the major excavation work which would be required 
for complete removal of all residual uranium. It is likely that the total costs associated with 
complete removal of all uranium exceeding guidelines would be in excess of $2 million. 

The results of the dose calculations show that supplemental limits, as described in DOE 
Order 5400.5, are warranted for the GM site. Leaving the residual uranium in place does not 
pose a significant potential future risk, and the cost of removal of all uranium is very high 
relative to the long-term benefits that would result. 
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APPENDIX A 

RESIDUAL ACTMTY PLOTS 
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APPEmIX B 

ACTIVITY CALCULATIONS 





ACTINV.XLS 

rtal Activity Inventory Calculations - Draintines 
sneral Motors Hazard Assessment 

Line Residual Activity (UCL95) Diameter Length Activity Inventory Activity Mass Pre-Fill Cont. Fill Mass % of Line Post Fill Cont. Source Term 
(RA) (U-238 dpmllO0 cm2) (D) (in.) (L) (fl.) (Al) (U-238 pCi) (AMI (9) PW (PW) (FM) (cd Filled (POFC) (pCi/g) Red. Factor (STRF 

(1) (2) (%F) 

B 9580 4 120 504E+06 1.75E+g4 288 2.97E+03 2 246 1.2 
C 608000 4 200 5.33E+08 2.92E+04 18256 8.90E+05 75 580 31 
D 2150 4 185 1.74E+06 2.70E+04 65 2.29E+03 1 60 1.1 
E 2480 4 170 1.85E+08 2.48E+04 74 2.10E+03 1 69 1.1 
G 1220 4 145 7.75E+05 2.12E+04 37 I .79E+03 1 34 1.1 
H 789000 4 45 1.56E+08 657E+03 23694 2.67E+05 100 569 42 
I 256000 4 60 6.73E+07 8.76E+03 7688 3.56E+05 10’0 185 42 

bll conduit 842 4 145 5.35E+05 2.12E+04 25 6.31E+05 100 1 31 
1tl5 conduit 7630 4 155 5.18E+06 2.26E+04 229 6.74E+05 100 7 31 

Ital 7.71E+08 1.79E+05 4312 2.83E+06 40 257 17 

ssumptions: 
Iansity of contaminated material (P) (glcm3) 
fhickness of contaminated material (T) (cm) 
Density of fill material (FD) (glcm3) 

1.5 
0.1 

- grout 2.4 
- CLSM 1.76 
- foam 0.5 

quattons: 
9l= [(R/WOO) x (2pi x D/2x 254) x (L x 12 x 2.54))!2.22 
4M=(2pixD/2x2.54)x(Lx12x2.54)xTxP 
FM =(pi x (2.54 x D/2)‘L2) x (L x 12 x 2.54) x FD x %F 
PFG = At/AM 
POFC =AI/(FM + AM) 
STRF = PFClPOFC 

otes: 
) Measured residual U-238 suface activity. 
) Grout till used for drainlines C, H,and I. Drainlines B, D, E,and G plugged with approximately 2 ft. of foam. The M15, and Ml electrical conduit lines were fiilled with CLSM. 

Detailed equations and calculation explanations provided in the General Motors Hazard Assessment Calculation Package. 
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ACTlNV2XLS 

al Actlvily Inventory Calculations - Manholes 
Ianholes with data used from previous surveys) 
em-al Motors Hazard Assessment 

LoCalion 

M2 
Ml6 
M25 

otal 

U-236 Sludge Concentration Side Side 

(SC) (Pwg) Wdlh (SW) (6) Length (SL) (ff 

21cQa 2.68 6.5 
15000 2.68 6.5 

86 2.88 6.5 

wof surf. Area Manhole Sludge (Cont.) Activity Inventory Pm-Fill Cont. Fill Mass % Post Fill Cow. Source Term 
(SA) bn2) Volume (MV) (cm3) Volume (CV) (1x13) (Al) (U-238 pCi) WC) (PCug) (FM) (g) Filled (POFC) (pCUg) Red. Fador (VCR) 

3.22E+O4 8.38EiO6 6.36E+05 2.0lE+lo 2.10E+O4 1.12E+07 10 1790 12 
3.22E+M 8.3aE+a6 6.36E+05 l&E+10 1.50E+O-4 1.12&07 100 1276 12 
3.22E+O4 6.38E+O6 6.38E+05 8.23Et07 8.6OE+ol l.l2E+07 100 7 12 

3.46E+lO 

ssumptions: 

Density of mnlmninaled material (P) (glcm3) 1.5 
Dens& of fill (CLSM) material (FD) (gkm3) 1.76 
Sludge (oonlamination) volume assumed lo b’s Ill0 of lotal manhole volume 
Sludge concentration results based on ORNL surveys conducted prCw to remedial actEons (ORNL 1982) 

.qualans: 

Menhole floor surface ares : SA = 4.62843 x (SW x 12 x 2.54)‘2 (see calculation package for equation source) 
Manhole volume (MV) = SA x SL x 12 x 2.54 

Af=scxPxcv 
PFC = Measured sludge concentralion (pCVg) (SC) 
FM=MVxFDx%flliad 
POFC =Al/FM 
STRF = PFCJ’OFC 



ACTINV3.XLS 

)tal Activity Inventory Calculations - Sumps (No. 3 and the Oil Trap Pit) 
eneral Motors Hazard Assessment 

*f I i.: 
!Z 

Location Residual U-238 Activity (UCL95) Diameter Depth Surf. Area Activity Inventory Activity Mass Pre-Fill Cont. Fill Mass % Post Fill Cont. Source Term Red. 

(RA) (dpmllO6 cm2) (D) (in.) (L) (fl.) (SA) (cm2 (Al) (U-236 pCi) (AMI ki) (PFC) (pCiig) ii FM) W Filled (POFC) (pCllg) Factor (STRF) 

Sump 3 55800 48 20 2.45E+05 6.16E+07 3.68E+O4 1.68E+03 ” ’ 1.25E+07 10~0 5 342 

Oil Trap Pit 1290~0 2.62E+05 152E+O7 3.93E+O4 3.67E+02 8.98E+05 100 2 229 
Bi 

otal 7.68E+07 

ssumptions: 
Density of contaminated material (P) (glcm3) 1.5 
Thickness of contaminated material (T) (cm) 0.1 
Density of fill (CLSM) matertal (FD) (g/cm9 1.76 

quations: 
Surface Area 

Sumps: SA = (2pl x D/2x 2.54) x (Lx 12 x 2.54) + pi (D/2 x 2.54)A2 
Pits: SA = (see catcutatlon package - ptt consists of 3 separate units with a toal interior surface area of 2.62E5 cm2) 

Al = (RAIIOO) x sA12.22 (as U-238 equivalent) 
AM=SAxTxP 
PFC = Al/AM 
FM = (Vol. of sump or pit) x FD x % filled 
POFC =AI/FM 
STRF = PFCIPOFC 

6126196 
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DOSE CALCULATIONS WITH CONSIDERATION OF CONTAINMENT 
MEASURES 





GM Hazard Assessment 
Supplemental Limit Evaluation 

Table CIA-I 
eneral Motors Hazard Assessment 
stimated Doses From Contaminated Surfaces (thin layer of contamination) 
on-Routine Maintenance Worker Scenario 
rain Lines 
Jith consideration of containment methods 

U Surface Contamination Jngestion . Inhalation External Annual 
Drain Line (dpmll OOcm2) STRF (pCiicm2) Intake DCF Dose Intake DCF Dose DCF Dose Dose Rate 

(a) W (SC) w (pCt/yr) (mrem/pCi) (mrem/yr) W/v) OnremWi) (mremNr1 (d) (mremlyr) (mremlyr) (e 

6 9580 1.2 71.92 4.79E+02 2.69E-04 0.129 1.28E+OO 1.25E-01 0.160 2.1OE-02 0.017 0.31 
C 608000 31.0 176.69 l.l6E+03 2.69E-04 0.317 3.15E+90 1.25E-01 0.393 2.10E-02 0.042 0.75 
D 2150 1.1 17.61 l.l7E+02 2.69E-04 0.032 3.13E-01 1.25E-01 0.039 2.1 OE-02 0.004 0.07 
E 2480 1.1 20.31 1.35E+02 2.69E-04 0.036 3.62E-01 1.25E-01 0.045 2.1 OE-02 0.095 0.09 
G 1220 1.1 9.99 6.66E+Ol 2.69E-04 0.018 1.78E-01 1.25E-01 0.022 2.1 OE-02 0.002 0.04 
H 789000 42.0 169.24 l.l3E+03 2.69E-04 0.304 3.01 E+OO 1:25E-01 0.377 2.1 OE-02 0.041 0.72 
I 256090 42:0 54.91 3.66E+02 2.69E-04 0.098 9.77E-01 1.25E-01 0.1122 2.1 OE-02 0.013 0.23 

Ml elec. conduit 642 31 .o 0.24 1.63E+OO 2.69E-04 0.00~0 4.36G03 1.25E-01 0.0’01 2.10E-02 0.0’00 0.0~0 

II5 elec. conduit 7630 31.0 2.22 1.48E+Ol 2.69E-04 0.004 3.95G02 1.25E-01 0.005 2.10E-02 0.001 0.01 

IMaximum Estimated Dose Rate = 0.i 

#ource Term Equation: 

;C = ((dpm/lOO cm2) x 2)/(100*2.22*STRF) (as total uranium equivalent) 

‘otal Dose Equation (for each line): 

‘D(mrem/yr)=[SCxtRxEFxDCF(ing)/(Dx T)]+[SCxINH xDLxRFxEFxETxDCF(inh)I(DxT)]+[SCxEFxETxDCF(ext)18760] 

*posure Assumptions: 

ngestion rate (IR) (g/day) 0.1 
kposure time (ET) (hr/day) 10 
&posure frequency (EF) (dayslyr) 10 
nhalation rate (INH) (m3Ihr) 0.89 
lust loading (DL) (glm3) 1 .OOE-04 
tespirable Fraction (RF) 3.00E-01 
Ienstty (D) (g/cm3) 1.50 
rhickness (T) (cm) 0.10 

lotes: 
) U-236 dpmll90 cm2 as measured during remedial actlons. 
)) STRF (Source Ten Reduction Factor) is the factor to account for reduction of the source term due to containment and dilution with grout Or concrete 
,) Source term used for dose calculations including consideration of STRF, and conversion of U-238 equivalent measurement to total uranium equivalent. 
I) Units for the external DCF are mrembr per pCiicm2 
!) Annual dose rate for each dralnline is based on the assumption of 10 days of work at that location during a work year. 

CIADLOI .XLS 



GM Hazard Assessment 
Supplem~ental Limit Evaluation 

Table CIA-2 

;eneral Motors Hazard Assessm’ent 
istimated Doses From Residual Uranium 
Jon-routine Maintenance Worker Scenario 
AanhIoles and Areas Previously Filled or Remediated by General Motors 
Vith consideration of containment measures 

Location U-tot Contamination Ingestion Inhalation External Total 
(Manhole or pCilg STRF (Wg) Intake DCF Dose Intake DCF Dose DCF Dose Dose 

Sump) @I W (SC) (4 (pCi/yr) (mremlpci) (mremlyr) (pcilyr) (mremlpci) (mrem/yr) (mrem/yr)/(pCi/cm2) (mremlyr) (mremlyr) 

M2 42000 12 3500 l.O5E+03 2.69E-04 0.28 2.80E+OO 1.25E-01 0.35 2.10E-02 0.04 0.67 
MlGILine A 30~00~0 12.00 2500 7.50E+02 2.69E-04 0.20 2.00E+OO 1.25E-01 0.25 2.10E-02 0.03 0.48 

M25 172 12.00 14 4.30E+OO 2.69E-04 0.00 1 .I 5E-02 1.25E-01 0.00 2.10E-02 0.00 0.00 
Floor Drains 22001) 10.0~0 2200 6.60E+02 2.69E-04 0.18 1.76E+OO 1.25E-01 0.22 2.10E-02 0.02 0.42 
Extrusion Pits NA NA 104 l.O4E+02 2.69E-04 0.03 2.78E-01 1.25E-01 0.03 2.10E-02 0.00 0.07 

rotal Dose Equation: 

IMaximum Estimated Dose Rate 0.6; 

IR (mrem/yr) = [ SC x IR x EF x DCF(ing) ] + [ SC x INH x DL x RF x EF x ET x DCF(inh) ] + [ SC x (D x T ) x EF x ET x DCF(ext) I 8760 ] 

Exposure Assumptions: 

Ingestion rate (IR) (g/day) 0.1 
Exposure time (ET) (hr/day) 10 
Exposure frequency - manholes and drains (EF) (days/y0 3 
Exposure frequency - extrusion pits (EF) (days&r) 10 
Inhalation rate (INH) (m3Ihr) 0.89 
Dust loading (DL) (glm3) 1 .OOE-04 
Respirabb Fraction 3.OiOE-01 
Density (D) (glcm3) 1.50 
Thickness (T) (cm) 0.10 

Notes: 
a U-tot pCiig as measured b’efore grout placed. 
b STRF (Source Term Reduction Factor) is the factor used to account for containment (and dilution) of residual contamination by grout or concrete fill. 
c Source term (U-tot pciig) as measured after grout placement, or calculated using pre-grout measurements an’d the STRF value. 

ClAMH02.XLS 
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GM Hazard Assessment 
Supplemental Limit Evaluation 

Table CIA-3 

ieneral Motors Hazard Assessment 
stimated Doses From Contaminated Surfaces (thin layer of contamination) 
Ion-routine Maintenance Worker Scenario 
‘umps 
Vith consideration of containment measures 

Location U Surface Contamination Ingestion. Inhalation External Total 
(Manhole or (dpmllOOcm2) STRF (pci/cm2) Intake DCF Dose Intake D’CF Dose DCF Dose Dose 
- Sump) (4 (b) (SC) (4 (pCiiyr) (mrem/pCi) (mrem/yr) (pCi/yr) (mremlpci) (mrem/yr) (mrem/yr)/(pCi/cmP) (mremlyr) (mrem/yr) 

Sump No. 3 55800 341 .oo 1.47 2.95E+OO 2.69E-04 0.001 7.87E-03 1.25E-01 0.001 2.1 OE-02 0.00’01 0.002 
Oil Trap Pit 129’00 228.00 0.51 l.O2E+OO 2.69E-04 0.00~0 2.72E-03 1.25E-01 0.000 2.10E-02 0.0000 0.001 

IMaximum Estimated Dose Rate = 0.00 

,ource Term Equation: 

;C = ((dpmll00 cm2) x 2)/(100 x 2.22 x STRF) (as total uranium equivalent) 

‘otal Dose Equation: 

)R (mremlyr) = [ SC x IR x EF x DCF(ing) I ( D x T) ] + [ SC x INH x DL x EF x RF x ET x DCF(inh) I ( D x T) ] + [ SC x EF x ET x DCF(ext) I 6760 ] 

Ixposure Assumptions: 

ngestion rate (IR) (g/day) 0.1 
ixposure time (ET) (hrlday) 10 
ixposure frequency (EF) (days/y0 3 
nhalation rate (INH) (m3/hr) 0.89 
Just loading (DL) (g/m3) 1 .OlOE-04 
iespirable Fraction (RF) 3.00E-01 
Density (D) (glcm3) 1.50E+OO 
rhickness (T) (cm) 1 .OOE-01 

Uotes: 
1 U-238 dpm/lOO cm2 as measured after remedial actions. 
3 STRF (Source Term Reduction Factor) is th’e factor used to account for containment (and dilution) of residual contamination by grout or concrete fill. 
: Surface Contamination value used in dose calculations including consideration of STRF, an’d conversion of U-238 equivalent measurement to total uranium equivalent. 

ClASP03.XLS 



G’M Hazard Assessment 

reneral Motorr Hazard Assessment 
stimated D’oses From Contaminated Surfaces (thin layer of contamination) 
:enovatFon Wo’rker S’cenario 
train Lines 
Vith consideratiin of containment methods 

Supplemental Limit Evaluation 
Table Cl B-l 

U Surface Contamination Ingestion Inhalation External Drain Line Line Prorated Dose 
Drain Line (dpmllOQcm2) STRF (pCVcm2) Intake DCF Dose Intake DCF Dose DCF Dose Dose Rate Length (mrem/yr) 

(8) (4 (SC) (c) (pCiiyr) (mremJpCi) (mrem/yr) (pcilyr) (mrem/pCi) (mremlyr) (d) (mremlyr) (mrem/yr) (e) (ft) (0 

0 9580 1.2 71.92 2.06E+03 2.69E-04 0.55 550E+OO 1.25E-01 0.69 2.10E-02 0.07 1.32 120 0.13 
C 6080’00 31 .o 176.69 507E+03 2.69E-04 1.36 1.35E+Ol 1.25E-01 1.69 2.lOE-02 0.18 3.24 200 0.53 
D 2150 1.1 17.61 5.05E+02 2.69E-04 0.14 1.35E+OlO 1.25E-01 0.17 2.1OE-02 0.02 0.32 185 0.05 
E 2480 1.1 20.31 5.82E+02 2.69E-04 0.16 1.55E+OO 1.25E-01 0.19 2.lOE-02 0.02 0.37 170 0.05 
G 1220 1.1 9.99 2.86E+02 2.69E-04 0.08 7.65E-01 1.25E-01 0.10 2.1 OE-02 0.01 0.18 145 0.02 
H 789000 42.0 169.24 4.85E+03 2.69E-04 1.31 1.30E+Ol 1.25E-01 1.62 2.lOE-02 0.17 3‘10 45 0.11 
I 256000 42.0 54.91 1.57E+03 2.69E-04 0.42 4.20E+OO 1.25E-01 0.53 2.10E-02 0.06 1.01 60 0.05 

Ml elec. conduit 842 31.0 0.24 7.0lE+OO 2.69G04 0.010 1.87E-02 1.25E-01 0.010 2.10E-02 0.0~0 0.010 145 0.00 
615 elec. conduit 7630 31.0 2.22 6.38E+Ol 2.69E-04 0:02 1.70E-01 1.25E-01 0.02 2.10E-02 O.OQ 0.04 155 0,Ol 

1225 

iource Term Equatiin: 

Total Estimated Dose = 0. 

jC = ((dpm110~0 cm2) x 2)1(10~0’2.22’STRF) (as total uranium equivalent) 

iota1 Dose Equation (fo’r each line): 

rD(mrem/yr)=[SCxIRxEFxDCF(ing)/(Dx T)]+[SCxINH xDLxRFxEFxETxDCF(inh)/(DxT)]+[SCxEFxETxDCF(ext)/8760] 

mure Assumptions: 

ngestion rate (IR) (g/day) 
%posure time (ET) (hrlday) 
Zxposure frequency (EF) (days&r) 
nhalation rate (INH) (m3Ihr) 
lust loading (DL) (gfm3) 
iespirable Fractkxr (RF) 
Iensity (0) (glcm3) 
F-thickness (T) (cm) 

0.1 
10 
43 

0.89 
l.OlOE-94 
3.OOE-01 

1.5’0 
0.10 

Jotes: 
I) U-238 dprn/l90 cm2 as meas~urad during rem’edial actions. 
1) STRF (Source Term Reductiin Facto’r) is the factor to account for reduction of the source term due to contai~nment and dlution with grout o’r concrete 
:) Source term used for dose calculations including consideration of source term reduction factolr. and conversion of U-238 equtvalent meas~urement to total uranium equivaht. 
j) Units for the extem,al D’CF are mremfyr per pCtcm2 
3) Annual dose rate for each drainliie is based on the assumption of 43 days of work at that lo&ton during a work year. 
) Total dose is th#e sum of tha prorated individual drain line doses. Each drainltne annual dose rate is pm’rated by muitiplying by tha fraction of the 43 day work period esti’mated 

to complete that drainline (dralnline kngthEtotat tine length). 

ClBDLO1.XLS 



GM Hazard Assessment 
Supplemental Limit Evaluation 

Table Cl B-2 

ieneral Motors Hazard Assessment 
stimated Doses From ResiduatUranium 
.enovation Worker Scenario 
lanholes and Areas Previously Filled or Remediated by General Motors 
Jith consideration of containment measures 

Location U-tot Contamination Ingestion Inhalation External Total 
(Manhole or pCilg STRF W/g) Intake DCF Dose Intake DCF Dose DCF Dose Dose 

Sump) (a) 04 (SC) (4 (pCi/yr) (mremlpci) (mrem/yr) (pCi/yr) (mremlpci) (mremlyr) (mrem/yr)/(pCi/cm2) (mrem/yr) (mremlyr) 

M2 42000 12 3500 l.O5E+03 2.69E-04 0.28 2.80E+OO 1.25E-01 0.35 2.lOE-02 0.04 0.67 
MlGILlne A 3000~0 12 2500 7.50E+02 2.69E-04 0.20 2.00E+OO 1.25E-01 0.25 2.10E-02 0.03 0.48 

tvl25 172 12 14 4.30E+OO 2.69E-04 0.00 l.l5E-02 1.25E-01 0.00 2.10E-02 0.00 0.010 
Floor Drains 22000 12 1833 5.50E+02 2.69E-04 0.15 1.47E+OO 1.25E-01 0.18 2.1 OE-02 0.02 0.35 
Ixtrusion Pits NA NA 104 l.O4E+02 2.69E-04 0.03 2.78E-01 1.25E-01 0.03 2.lOE-02 0.00 0.07 

ITotal Estimated Dose Rate = 1.5 

-otal Dose Equation: 

IR (mrem/yr) = [ SC x IR x EF x DCF(ing) ] + [ SC x INH x DL x RF x EF x ET x DCF(inh) ] + [ SC x (D x T ) x EF x ET x DCF(ext) I8760 ] 

Exposure Assumptions: 

lgestion rate (IR) (g/day) 0.1 
ixposure time (ET) (hr/day) 10 
kposure frequency - manholes and.drains (EF) (days/yr) 3 
ixposure frequency - extrusion pits (EF) (days/y0 10 
ihalation rate (INH) (m3/hr) 0.89 
just loading (DL) (g/m3) 1 .OOE-04 
tespirable Fraction 3.00E-01 
Iensity (D) (glcm3) 1.50 
-hickness (T) (cm) 0.10 

Jotes: 
I U-tot pCi/g as measured before grout placed. 
) STRF (Source Term Reduction Factor) is the factor used to account for containment (and dilution) of residual contamination by grout or concrete fill. . 
: Source term (U-tot pCi/g) as measured after grout placement, or calculated using pre-grout measurements and the STRF value. 

ClBMHOZ.XLS 
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GM Hazard Assessment 
Supplemental Limit Evaluation 

Table Cl S-3 

%neral Motors Hazard Assessment 
Estimated Doses From Contaminated Surfaces (thin layer of contamination) 
ienovation Worker Scenarto 
jumps 
Nith consideration of containment measures 

Location U Surface Contamination Ingestion, Inhalation External Total 

(Manhole or (dpm1100cm2) STRF (pCtIcm2) Intake DCF Dose Intake DCF Dose DCF Dose Dose 

Sump) (4 W w-2 b-4 (pCiiyr) (mremlpci) (mrem/yr) (pCi/yr) (mremlpci) (mremlyr) (mrem/yr)/(pCi/cm2) (mremlyr) (mremlyr) 

Sump No. 3 55800 341.00 1.47 2.95E+OO 2.69E-04 0.001 7.67E-03 1.25E-01 0.001 2.10E-02 0.0001 0.002 

Oil Trap Pit 12900 228.00 0.51 l.O2E+OO 2.69E-04 0.000 2.72E-03 1.25E-01 0.0~00 2.10E-02 0.00’00 0.0~01 

(Total Estimated Dose Rate = 0.00: 

Source Term Equation: 

SC = ((dpm/lOO cm2) x 2)/(100 x 2.22 x STRF) (as total uranium equivalent) 

Total Dose Equation: 

DR(mrem/yr)=[SCxIRxEFxDCF(ing)/(Dx T)]+[SCxINH xDLxEFxRFxETxDCF(inh)/(DxT)]+[SCxEFxETxDCF(ext)/6760] 

Exposure Assumptions: 

Ingestion rate (IR) (g/day) 0.1 
Exposure time (ET) (hr/day) IO 
Exposure frequency (EF) (dayslyr) 3 
Inhalation rate (INH) (m3/hr) 0.89 
Dust loading (DL) (glm3) 1 .OOE-04 
Respirable Fraction (RF) 3.0lOE-01 
Density (D) (gIcm3) 1.50E+90 
Thickness (T) (cm) 1 .OOE-01 

Notes: 
a U-238 dpm1160 cm2 as measureId after remedial actions. 
b STRF (Source Term Reduction Factor) is the factor used to account for containment (and dilution) of residual contamination by grout or concrete fill. 
1c Surface Co’ntamination value used in dose calculations including consideration of STRF, and conversi’on of U-238 equivalent m’easurem’ent to total uranium equivalent. 
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GM Hazard Assessmsent 
Supplemental Limit Evaluation 

Table C2A-1 
eneral Motors Hazard Assessment 
stimated Doses From Contaminated Surfaces (thin layer of contamination) 
on-Routine Maintenance Worker Scenario 
rain Lines 
fithout consideration of containment methods 

U Surface Contamination Ingestion Inhalation External Annual 
Drain Line (dpmll ONOcm2) STRF (pCilcm2) Intake DCF Dose Intake DCF Dose DCF Dose Dose Rate 

(a) (W cm (a (pCi/yr) (mrem/pCi) (mremlyr) (pCi/yr) (mremlpci) (mremlyr) ((0 (mrem/yr) (mremlyr) (e) 

0 9580 1.0 66.31 575E+02 2.69E-04 0.155 1.54E+OO 1.25E-01 0.192 2.1 OE-02 0.021 0.37 
C 606690 1.0 5477.46 3.65E+04 2.69E-04 9.623 9.75E+Ol 1.25E-01 12.167 2.1 OE-02 1.313 23.32 
D 2150 1.0 19.37 1.29E+02 2.69B04 0.035 3.45E-01 1.25E-01 0.043 2.1 OE-02 0.005 0.08 
E 2460 1.0 22.34 1.49E+02 2.69E-04 0.040 3.96E-01 1.25E-01 0.05’0 2.10E-02 0.0105 0.10 
G 1220 1.0 10.99 7.33E+Ol 2.69E-04 0.020 1.96E-01 1.25E-01 0.024 2.10E-02 0.003 0.05 
H 769’000 1.0 7106.11 4.74E+O4 2.69E-04 12.747 1.27E+02 1.25E-01 15.616 2.10E-02 1.704 30.27 
I 256000 1.0 23016.31 1.54E+O4 2.69E-04 4.136 4.1 lE+Ol 1.25E-01 5.132 2.10E-02 0.553 9.62 

Ml elec. conduit a42 1.0 7.59 506E+Ol 2.69E-04 0.014 1.35E-01 1.25E-01 0.017 2.10E-02 0.002 0.03 
II 5 elec. conduit 7630 1.0 68.74 4.58E+02 2.69E-04 0.123 1.22E+OO 1.25E-01 0.153 2.10E-02 0.016 0.29 

[Maximum Estimated Dose Rate = 30.2 

;ource Term Equation: 

;C = ((dpm/lOO cm2) x 2)/(100*2.22*STRF) (as total uranium equivalent) 

‘otal Dose Equation (for each line): 

‘D(mrem/yr)=[SCxIRxEFxDCF(ing)/(Dx T)]+[SCxINH xDLxRFxEFxETxDCF(inh)/(DxT)]+[SCxEFxETxDCF(ext)/8760] 

!xposure Assumptions: 

ngestion rate (IR) (g/day) 0.1 
&posure time (ET) (hr/day) 10 
!xposure frequency (EF) (dayslyr) 10 
nhalation rate (INH) (m3lhr) 0.89 
lust loading (DL) (glm3) 1 .OOE-04 
Zespirable Fraction (RF) 3.00E-01 
lensity (D) (glcm3) 1.50 
‘hickness (T) (cm) 0.10 

dotes: 
I) U-23’8 dpm/lOO cm2 as measured during remedial actions. 
r) STRF (Source Term ReduNction Factor) is the factor to account for reduction of the source term due to containment and dilution with grout or concrete 
:) Source term used for dose calculations including consideration of STRF, and conversion of U-238 equivalent measurement to total uranium equivalent. 
I) Units for the external DCF are mrem/yr per pCiicm2 
!) Annual dose rate for each dralnline is based on the assumption of 10 days of work at that location during a work year. 

C2ADLOl .XLS 



GM Hazard Assessment 
Supplemental Limit Evalluation 

Table C2A-2 

;eneral Motors Hazard Assessment 
Estimated Doses From Residual Uranium 
don-routine Maintenance Worker Scenario 
Jlanholes an’d Areas Previously Filled or Remediated by General Motors 
Vithout consideration of containment measures 

Lo’cation U-tot Contamination Ingestion Inhalation External Total 
(Manhole or pCi/g STRF WW Intake DCF Dose Intake DCF Dose DCF Dose Dose 

Sump) (a) 03 (SC) (c) (pCi/yr) (mrem/pCi) (mremlyr) (pCi/yr) (mrem/pCi) (mrem/yr) (mrem/yr)/(pCi/cm2) (mremlyr) (mrem/yr) 

M2 42600 1 42000 1.26E+O4 2.69E-04 3.39 3.36E+Ol 1.25E-01 4.21 2.1 OE-02 0.45 8.05 
MlG/Line A 30000 1 30000 9.00E+03 2.69E-04 2.42 2.40E+Ol 1.25E-01 3.00 2.10E-02 0.32 5.75 

M25 172 1 172 5.16E+Ol 2.69B04 0.01 1.38E-01 1.25E-01 0.02 2.10E-02 0.00 0.03 
Floor Drains 22000 1 22000 6.60E+03 2.69E-04 1.76 1.76E+Ol 1.25E-01 2.20 2.10E-02 0.24 4.22 
Extrusion Pits NA NA 104 l.O4E+02 2.69E-04 0.03 2.78E-01 1.25E-01 0.03 2.1 OE-02 0.00 0.07 

Total Dose Equation: 

IMaximum Estimated Dose Rate 8.0! 

DR (mrem/yr) = [ SC x IR x EF x DCF(ing) ] + [ SC x INH x DL x RF x EF x ET x DCF(inh) ] + [ SC x (D x T ) x EF x ET x DCF(ext) I 8760 ] 

Exposure Assumptions: 

Ingestion rate (IR) (g/day) 
Exposure time (ET) (hrlday) 
Exposure frequency - manholes and dlrains (EF) (days/yr) 
Exposure frequency - extrusion pits (EF) (dayslyr) 
Inhalation rate (INH) (m3/hr) 

0.1 
IO 
3 

IO 
0.89 . 

Dust loading (DL) (g/m3) 
Respirable Fraction 
Density (D) (gIcm3) 
Thickness (T) (cm) 

Notes: 

1 .OOE-04 
3.00E-01 

1.50 
0.10 

a U-tot pCi/g as measured b’efore grout placed. 
b STRF (Source Term Reduction Factor) is the factor used to account for containment (and dilution) of residual contamination by grout or concrete fill, 
c Source term (U-tot pCi/g) as measured after grout placement, or calculated usin’g pre-grout measurements and the STRF value. 
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GM Hazard Assessment 
Supplemental Limit Evaluation 

Table C2A-3 

;eneral Motors Hazard Assessment 
stimated Doses From Contaminated Surfaces (thin layer of contamination) 
Ion-routine Maintenance Worker Scenario 
umps 
Without consideration of containment measures 

Location U Surface Contamination Ingestion Inhalation External Annual 
(Manhole or (dpmllOOcm2) STRF (pCiicm2) Intake DCF Dose Intake DCF Dose D’CF Dose Dose 

Sump) (a) (b) (SC) (4 (pCi/yr) (mrem/pCi) (mremlyr) (pciiyr) (mrem/pCi) (mremlyr) (mrem/yr)/(pCi/om2) (mremlyr) (mrem/yr) 

Sump No. 3 55800 1.00 502.70 1 .Ol E+03 2.69E-04 0.270 2.68E+OO 1.25E-01 0.336 2.10E-02 0.0362 0.642 
Oil Trap Pit 12900 1 .oo 116.22 2.32E+O2 2.69E-64 0.063 6.21 E-01 1.25E-01 0.078 2.10E-02 0.0084 0.148 

(Maximum Estimated Dose Rate -0.64 

iource Term Equation: 

;C = ((dpmll00 cm2) x 2)/(100 x 2.22 x STRF) (as total uranium equivalent) 

rotal Dose Equation: 

IR(mrem/yr)=[SCxIRxEFxDCF(ing)/(Dx T)]+[SCxINH xDLxEFxRFxETxDCF(inh)I(DxT)]+[SCxEFxETxDCF(ext)/8760] 

:xposure Assumptions: 

ngestion rate (1-R) (g/day) 0.1 
fxposure time (ET) (hrlday) 10 
Cxposure frequency (EF) (days!yr) 3 
nhaiation rate (INH) (m3/hr) 0.89 
just loading (DL) (glm3) I .OOE-04 
tespirable Fraction‘(RF) 3.00E-01 
Iensity (D) (glcm3) 1.50E+OO 
rhickness (T) (cm) 1 .OOE-01 

dotes: 
I U-236 dpm/lOO cm2 as measured after remedial actions. 
) STRF (Source Term Reduction Factor) is the factor used to account for containment (and dilution) of residual contamination by grout or concrete fill. 
: Surface Contamination value used in dose calculations including consideration of STRF, and conversion of U-238 equivalent measurement to total uranium equivalent. 
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sneral Motors Hazard Assessment 
itimated Doses From Contaminated Surfaces (thin layer of contamination) 
snovation VVorker Scenario 
rain Lines 
Qth’osut consideration of contakrm~ent meth’ods 

G’M Hazard Assessment 
Supplemental Limit Evaluation 

Table CZB-1 

U Surface Contamination Ingestion Inhalation External Drain Line Line Prorated Dosr 

Drain Line (dpm1100cm2) STRF (pcilcm2) Intake DCF Dose Intake DCF Dose D’CF Dose Dose Rate Length (mremlyr) 
(b) (SC) (a) Wilyr) WemWi) (m=Wr) Cd) (mremlyr) (mrem/yr) (e) u9 - (9 

0.15 B 9580 1.0 86.31 2.47E+03 2.69E-04 0.67 6.61 E+OO 1.25E-01 0.63 2.1OE-02 0.09 1.6 120 

C 60600~0 1.0 5477.46 1.57E+05 2.69E-04 42.24 4.19E+02 1.25E-01 52.41 2.10E-02 5.65 100.3 200 16.37 
D 2150 1.0 19.37 5.55E+02 2.69E-04 0.15 1.46E+OO 1.25E-01 0.19 2.1OE-02 0.02 0.4 165 0.05 
E 2460 1.0 22.34 6.4OE+O2 2.69E-04 0.17 1.71 E+OO 1.25E-01 0.21 2.10E-02 0.02 0.4 170 0.06 

G 1220 1.0 10.99 3.15E+02 2.69E-04 0.08 8;41E-01 1.25E-01 0.11 2.10E-02 0.01 0.2 145 0.02 
H 789’0010 1.0 7108.11 2.04E+05 2.69E-04 64.81 544E+02 1.25E-01 68.01 2.lOE-02 7.33 130.1 45 4178 
I 256000 1.0 2306.31 6.61 E+O4 2,69E-04 17.78 1:77E+02 1.25E-01 22.07 2.1OE-02 2.38 42.2 60 2.07 

Ml elec. conduit 842 1.0 7.59 2.17E+O2 2.69E-04 0.06 5.81E-01 1.25E-01 0.07 2.10E-02 0.01 0.1 145 0.02 
115 elec. conduit 7630 1.0 68.74 1,97E+03 2.69E-04 0.53 5.26E+OQ 1.25E-01 0.66 2.1 OE-02 0.07 1.3 155 0.16 

1225 

ource Term Equation: 

)Total Estimated Dose = 23. 

C = ((dpm/lOQ cm2) x 2)/(10~0’2.22’STRF) (as total uranium equivalent) 

otal Dose Equation (for each line): 

D(mrem/yr)=[SCxfRxEFxDCF(ing)/(Dx T)]+[SCxINH xDLxRFxEFxETxDCF(inh)/(DxT)]+[SCxEFxETxDCF(ext)18760] 

xposure Assumptions: 

lgestion rate (IR) (g/day) 0.1 
xposure time (ET) (hrlday) 10 
&posure frequency (EF) (days&) 43 
ihalation rate (INH) (m3/hr) 0.89 
just loading (DL) (glm3) I .OOE-O4 
lespirable Fractio’n (RF) 3.OlOE-01 
)ensity (D) (g/cmS) 1.50 
‘hlckness (T) (cm) 0.10 

dotes: 
I) U-238 dpm/lOlO an2 as measured during remsedial actions. 
1) STRF (Source Term Reduction Factor) is the far& to eccount for reduction of the source term due to containment and dilution with gm’ut or concrete 
:) Source term used for do!%? cakculations in&ding consideration of source term reduction facto’r, and conversion of U-238 equivafent meas’urement to total uranium equivalent. 
1) Unb for th’e external DCF are mremlyr per pCiicrn2 
-) Annual d,ose rate for eech drainline ia baaed on the assumption of 43 days of work at that location during a work year. 
) Total d,oee Es the sum of the prorated individu~al drain kne doses. Each dmbnlkre annual dose rate is promted by muft@lyi~ng by the fraction of the 43 day work period estimated 

to complete that draintkre (dminline IengWtotal line length). 
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GM Hazard Assessment 
Supplemental Limit Evaluation 

Table C2B-2 

;eneral Motors Hazard Assessment 
stimated Doses From Residual Uranium 
:enovation Worker Scenario 
fanholes and Areas Previously Filled or Remediated by General Motors 
Jithout consideration of containment measures 

Location U-tot Contamination Ingestion Inhalation External Total 
(Manhole or pCi@ STRF (VW Intake DCF Dose Intake DCF Dose DCF Dose Dose 

Sump) (4 W (SC) w (pCi/yr) (mremlpci) (mrem/yr) (pCi/yr) (mremlpci) (mremlyr) (mrem/yr)/(pCi/cm2) (mrem/yr) (mremlyr) 

M2 420100 1 42000 1.26E+O4 2.69G04 3.39 3.36E+Ol 1.25E-01 4.21 2.10E-02 0.45 8.05 
M16ILine A 30~000 1 30’000 9.00E+03 2.69E-04 2.42 2.40E+Ol 1.25E-01 3.00 2.1 OE-02 0.32 5.75 

M25 172 1 172 5.16E+Ol 2.69E-04 0.01 1.38E-01 1.25E-01 0.02 2.10E-02 0.00 0.03 
Floor Drains 220’00 1 22000 6.60E+03 2.69E-04 l-.78 1.76E+Ol 1.25E-01 2.20 2.10E-02 0.24 4.22 
Zxtrusion Pits NA NA ‘104 l.O4E+02 2.69E-04 0.03 2.78E-01 1.25E-01‘ 0.03 2.10%02 0.00 0.07 

-otal Dose Equation: 

Total Estimated Dose Rate = 18.1’ 

)R (mrem/yr) = [ SC x IR x EF x DCF(ing) ] + [ SC x INH x DL x RF x EF x ET x DCF(inh) ] + [ SC x (D x T ) x EF x ET x DCF(ext) / 8760 ] 

Exposure Assumptions: 

ngestion rate (IR) (g/day) 0.1 
Exposure time (ET) (hr/day) IO 
fxposure frequency - manholes and drains (EF) (days/yr) 3 
ixposure frequency - extrusion pits (EF) (days/yr) 10 
nhalation rate (INH) (m3lhr) 0.89 
lust loading (DL) (g/m3) 1 .OlOE-04 
?espirable Fraction 3.00E-01 
Iensity (D) (glcm3) 1.50 
fhickness (T) (cm) 0.10 

Uotes: 
3 U-tot pCi/g as measured before grout placed. 
) STRF (Source Term Reduction Factor) is the factor used to account for containment (and dilution) of residual contamination by grout or concrete fill. 
: Source term (U-tot pCi/g) as measured after grout placement, or calculated using pre-grout measurements and the STRF value. 
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GM Hazard Assessmlent 
Supplemental Liiit Evaluation 

Table C2B-3 

;eneral Motors Hazard Assessment 
istimated Doses From Contaminated Surfaces (thin layer of contamination) 
<enovation Worker Scenario 
;umps 
Vithout consideration of containment measures 

Lo’cation U Surface Contamination Ingestion Inhalation External Total 
(Manhole or (dpm11OOcm2) STRF (pCiicm2) Intake DCF Dose Intake DCF Dose DCF Dose Dose 

Sump) (a) @I (SC) (4 (pCi/yr) (mremlpci) (mremlyr) (pCiiyr) (mremlpci) (mremlyr) (mrem/yr)/(pCt/cm2) (mremlyr) (mremlyr) 

Sump No. 3 55800 1.00 502.70 1 .Ol E+03 2.69E-04 0.270 2.68E+60 1.25E-01 0.336 2.10E-02 0.0362 0.642 
Oil Trap Pit 129QO 1 .OQ 116.22 2.32E+O2 2.69E-04 0.0’63 6.21 E-01 1.25E-01 0.078 2.10E-02 0.0084 0.148 

(Total Estimated Dose Rate = 0.79’ 

$ource Term Equation: 

;C = ((dpmll00 cm2) x 2)/(100 x 2.22 x STRF) (as total uranium equivalent) 

rotal Dose Equation: 

DR(mrem/yr)=(SCxIRxEFxDCF(ing)/(Dx T)]+[SCxINH xDLxEFxRFxETxDCF(inh)/(DxT)]+[SCxEFxETxDCF(ext)/8760] 

Exposure Assumptions: 

Ingestion rate (IR) (g/day) 0.1 
Exposure time (ET) (hr/day) 10 
Exposure frequency (EF) (dayslyr) 3 
Inhalation rate (INH) (m3Ihr) 0.89 
Dust loading (DL) (glm3) 1 .OOE-04 
Respirable Fraction (RF) 3.010E-01 
Density (D) (glcm3) I .50E+OO 
Thickness (T) (cm) 1 .OOE-Ol 

Notes: 
a U-238 dpm/lOO cm2 as measured after remedial acti’ons. 
b STRF (Source Term Reductfon Factor) is the factor used to account for containment (and dilution) of residual contamination by grout or concrete fill. 
c Surface Co~ntamination value used in dose calculations including consideration of STRF, and conversion of U-23,8 equivalent measurement to total uranium equivalent. 

-- 
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1.0 INTRODUCTION 

1.1 BACKGROUND 

This report documents the remedial action conducted at the General Motors Inland Fisher Guide 
Division site (GM site) (former Bridgeport Brass Company Special Metals Extrusion Plant) in Adrian, 

Michigan (Figures 1 -I and l-2). Remediation activities were performed from April to July 1995 under the 

authority of the U.S. Department of Energy (DOE) mandated by the Atomic Energy Act of 1954 and 

subsequent related legislation (BNI 1995). 

Remediation activities at the site were performed as part of the DOE Formerly Utilized Sites 
Remedial Action Program (FUSRAP) following the protocols and procedures established by DOE. 
FUSRAP was established to identify and clean up or otherwise control sites where residual radioactive 

contamination (exceeding current Federal guidelines) remains from the early years of the nation’s atomic 

energy program or from commercial operations causing conditions that Congress has authorized DOE to 

remedy. 

The objectives of FUSRAP as applied to the GM site are to 

. identify and evaluate all sites used to support former Manhattan Engineer District (MED) and 

Atomic Energy Commission (AEC) nuclear development activities; 

. remove or otherwise control contamination on sites identified as contaminated above current 

DOE guidelines; 

. achieve and maintain compliance whh applicable criteria for the protection of human health and 

the environment; 

. certify the site, to the extent possible, for use without radiological restrictions after remediation; 

and 

. remove hazardous waste that is mixed with radioactively contaminated waste resulting from 

MED/AEC-related work. 

FUSRAP was established in 1974, and major remedial actions began at FUSRAP sites in 198 1. 

Administered by the Former Sites Restoration Division of DOE’s Office of Environmental Management, 

FUSRAP currently includes 46 sites in 14 states. 

Bechtel National,Inc. (BNI) is the project management contractor for DOE. Science Applications 

International Corporation (SAIC), the environmental studies contractor, conducted a hazard assessment for 

he-site.~Oalc=-I$dgei?lati_onalLaboratory~ (GRNL);I the FUSRARindependent-verification*contr%t~(IVC ,.. 

~l~lOOl.DOC (03/23/97) 1 
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performed independent designation and verification surveys and will issue a report of its post-remedial 
vcrificotion survey results. Health physics and laboratory functions were provided by Therm0 NUtcch 

(TN), the radiological support subcontractor (RSS). 

1.2 HISTORY 

During the 195Os, the Bridgeport Brass Company operated a Special Metals Extrusion Plant in 

Adrian, Michigan, under contract AT-(30-I)-1405 with the AEC. The plant was opc!.lted to extrude 

uranium metal, which was used to make reactor fuel elements for the Hanford, Washington, and Savannah 

River, South Carolina, nuclear reactors. 

At the completion of work by the Bridgeport Brass Company, the extrusion presses were removed 
and the extrusion pits filled with sand and covered with concrete (Figure l-3). One large extrusion press 

was shipped to Reactive Metals, Inc., in Ashtabula, Ohio, and put into operation there, and all other 
equipment was dismantled and scrapped; the location of this material is unknown. The Adrian, Michigan, 

plant was sold to Martin Marietta Energy Systems, Inc. in the early 1960s and sold again in 1974 to GM, 

Inland Fisher Guide Division. No records exist from about 1961 until 1976 to document residual 

radioactivity levels on the floor, walls, fixtures, and structural members of the building. 

In May 1976, a report from the General Accounting Office recommended that the Energy Research 

and Development Administration (ERDA), a predecessor of DOE, expedite completion of radiological 

surveys at numerous sites throughout the United States, including the former Bridgeport Brass Company 

property. In response, GM performed an in-house survey of the plant building to determine the need for 

decontamination activities. Residual uranium contamination exceeding the levels permitted by the Nuclear 

Regulatory Commission (NRC) and ERDA was found in many places at the site, especially on elevated 

horizontal surfaces, on fixtures, and in floe; cracks. Equipment stored in these areas was removed, and 

contaminated areas were decontaminated by GM. Dust and scale buildup were found inside several 

exhaust ducts in the extrusion and cutting operations a;eas with uranium-238 at levels ranging from 11,000 
to 25,000 pCi/g; these ducts were subsequently removed and sent for disposal. Results from a survey 

performed by GM indicated that the areas surveyed were within the NRC (and ERDA) guidelines. GM 

then asked ERDA to perform a survey to verify that the building met current NRC and ERDA guidelines 

for release of the property. In response, ERDA sent ORNL to inspect the facility, make investigative 

measurements, and conduct a survey if one was warranted. 

ORNL conducted a follow-up survey in 1977. The surveys included measurements of residual 

uranium contamination on building surfaces; external gamma exposure rates; airborne radioactivity 

(collected by high-volume air samplers); uranium in water, sediments, and sludge in underground sumps 

and drains; and uranium-238, radium-226, and thorium-232 in soil samples from onsite locations. All 

areas of the floor and overhead structural members were found to be within NRC and ERDA guidelines 
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, for radioactive contamination. However, some areas underneath the floor (service pits. manholes. holding 
tanks, drainlines, and sumps), were found to contain concentrations of uranium above guidelines 
(OR?%, 1982). This survey also included taking smear samples irom surfaces and samples of sedimer\t 

from manholes and tanks. The maximum uranium-238 concentration, 2 1,000 pCi/g, was found in mud and 

sludge in the bottom of the I07-cm (42-in.) sump drain line that collects liquid from floor drains in the 
former uranium extrusion area (ORNL 1982). Concentrations of uranium ranged from 20 to 40 pCi/L in 
oil and from I 10 to 350 pCi/g in sludge and qcale collected near the top of the tank. An oily sample from 
the bottom of a drainline in the eastern section of the extrusion area contained uranium-238 concentrations 

of 4,100 pCi/L. Oily liquid from a sump in the area of the north loading dock (sump 3) contained 

9,700 pCi/L of uranium-238 Samples from an underground storm drain contained uranium concentrations 

from 5 to 1,800 pCi/L in water and from 0.1 to 1,500 pCi/g in sludge and sediment. Therefore, remedial 

action was deemed necessary for the drainage and oil collection system at the site (Figure l-4). 

In 1985, GM installed the currently used manufacturing line in the former extrusion area. During 

construction, a tile drain line was excavated and found to be radioactively contaminated. The portion of 

the drain line directly under the manufacturing area was removed, placed in four 208-L (55-gal) drums, 

and shipped to Oak Ridge, Tennessee, for disposal. 

A team of FUSRAP representatives from DOE, BNI, and SAIC visited the plant on June 23-24, 

1994, to obtain information regarding the,location, extent, and current condition of the manholes, sumps, 

and drainage system and conduct radiological surveys for validation of the ORNL data. 

During the June site visit, minimal documentation was available on the extent of the interconnections 

of the manholes, sumps, and drain lines. Observation and surveying of the manholes and sumps were 

hindered because most of the manholes and sumps were filled with an oily liquid. The radiological survey 

results collected during the site visit showed that the manholes, sumps, pipe chase, and the associated 

piping were contaminated at levels generally consistent with data presented in the 1982 ORNL report. 

1.3 SITE DESCRIPTION 

The GM site is located in Lenawee County near Adrian, Michigan, on the eastern side of Route 52. 

The town of Adrian is approximately 48 km (30 mi) northwest of Toledo, Ohio, and 32 km (20 mi) 

southwest of Ann Arbor, Michigan (Figure l-1). 

The plant is a large complex covering approximately 7 ha (17 acres). Only part of the plant was used 

for the uranium extrusion operations (see Figure I-2); this area is approximately 3,800 rn’ (4 1,000 ft’) with 

a ceiling height that varies from 14 to 17 m (45 to 55 ft). Lighting is provided by several rows of 

fluorescent fixtures and by sunlight through windows in two 1 O-ft- high “monitors” (raised sections of the 

roof containing rows of windows). The large open areas of this structure are afforded by a massive steel 

framework. Supported from this framing are crane rails, roofing, electrical conduits, water pipes, space 
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The drainage system shown in Figure 1-4 was designated for remedial action because it contained 

concentrations of unnium-238 exceeding the DOE guidelines. TFte system contains sumps, electrical ._ 
manholes, pipe chase, piping (ranging from I in. outer diameter (od) to 8 in. od], and electrical conduit 

within the electrical manholes (ranging from 1.5 in. od to 4 in. od). 



2.0 REMEDIALAC'TIONGUIDELlNES 

The source of contamination at the GM site was the machining of natural, depleted, and up to 

2.1 percent enriched uranium metal. Available records do not fully describe the nature of the operations 

conducted at the site. Standards and criteria governing the release of properties for radiologically 

unrestricted future use are included in DOE Order 5400.5, “Radiation Protection of the Public and 

Environment” (and proposed by IO CFR 834) and are comparable to those currently used by the 

Environmental Protection Agency (EPA) and the NRC. The remedial action guidelines (Table 2-1) for 

alpha activity from natural uranium, uranium-235, uranium-238, and associated decay products on indoor 

and outdoor structure surfaces are 5,000 disintegrations per minute per 100 square centimeters 

(dpm/lOO cm’) averaged over the whole surface area; 15,000 dpm/l 00 cm’ (maximum); and 
1,000 dpm/lOO cm’ (removable). The site-specific criterion for residual radioactive material in soil and 

sludge debris was 35 pCi/g for total uranium averaged over the remediated area. 

Because only trace concentrations of radium and thorium exist in uranium metal after processing, 

extremely low concentrations of these two radionuclides were detected in characterization samples. Only 

the uranium isotopes contributed significantly to the radioactive contamination at the site. 

Oil and asbestos were the only nonradioactive constituents mingled with residual uranium materials 

at concentrations requiring remedial action. All oil and asbestos materials containing residual radioactive 

material were removed from the site, properly managed, and transported to a licensed facility’for disposal. 

The target concentration at the site for the oil and water, or liquid waste, containing uranium was 300 

pCi/L total uranium. This site-specific goal was established based on the DOE derived concentration guide 

(DCG) of 600 pCi/L total uranium for discharges of wastewater containing uranium from DOE facilities to 

surface waters and the NRC concentration limit of 300 pCi/L for natural ur;anium in liquid effluent 

discharges from licensed facilities to unrestricte,! areas (I 0 CFR 20). Although this site was not a licensed 

facility, the limit was used for determining the liquid criterion, with approval from the Michigan 

Department of Natural Resources, Division of Radiological Health (Michigan Department of Public Health 

1995). 
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Table 2-l 

Summary of DOE hidelines for Residual Radioactive Contamination 

Base Dose Limits 

The basic limit for the annual radiation dose (excluding radon) received by a member of the 
general public is 100 mrem/yr. In implementing this limit, DOE applies 
as-low-as-reasonably-achievable principles to set site-specific guidelines where necessary. 

Site-Specific Soil/Sludge Guidelines 

The site-specific criterion for soil is 35 pCi/g for total uranium. 

Site-Specific Liquid Guidelines 

The site-specific criterion for oil/water solutions is 300 pCi/L for total uranium (DOE 1994). 

Indoor/Outdoor Structure Surface Contamination 

The residual contamination guidelines for fixed and transferable radioactive contamination 
(dpm/lOO cm’) (DOE Order 5400.5): 

Radionuclide Average Maximum Removable 

Natural uranium, uranium-235, 5,000 (alpha) 15,000 (alpha) 1,000 (alpha) 
uranium-238, and associated decay 
products 

Beta/gamma emitters (radionuclides 
with decay modes other than alpha 
emissions) 

5,000 
(beta/gamma) 

15,000 
(beta/gamma) 

1,000 
(beta/gamma) 



3.0 REMEDIAL ACTION 

3.1 CLEANUP/DECONTAMINATION ACTIVITIES 

During the characterization sampling and surveys at the GM plant, concentrations of uranium 
exceeding the current guidelines were found in oil, scale, and sludge contained within the pipe chase and in 
the oil collection system (including sumps, manholes, and drains) near the area formerly used for uranium 

metal extrusion operations. All water, oil, sludge, and scale were removed from the sumps and manholes 

as well as the associated piping to the extent practicable using a 3,000-pounds-per-square-inch (psi) and 

I O,OOO-psi HydrolaserT” systems, and wiping with rags. Some residual radioactive materials were left in 

place within the piping system because of the high costs of complete remediation and the economic impact 

of shutting down the GM plant to accompIish the remedial action. A hazard assessment was conducted 

and concluded that the supplemental limits for material left in the piping system would not result in a 

member of the general public receiving a dose above the DOE guidelines (DOE 1996). In addition, the 
subsurface piping and drain system was filled with a concrete material for added protection. 

To collect data for the hazard assessment, an innovative technology incorporating an inverted- 

membrane-deployed detector called the Pipe ExplorerT”f was used. The technology was developed by the 

Science and Engineering Associates, Inc. (SEA) group,~which provided technicians for operating the 

device. A significant savings’ for the remedial action was realized because of the nondestructive surveying 

methods of this system. No excavation of material was necessary to gain access to the drainage system, 

and the drainage system could be left in place while measurements were obtained. A detailed description 

of the technology and its usage at the site is provided in Appendix A. 

The components remediated at the GIM site were the pipe chase, eiectrical manholes (M 1, M 15), 

sump 3, a l07-cm (42-in.) sump, and all the accessible associated piping within each system. All sumps 

and manholes contained an oil/water and sludge liquid mix that first had to be removed before the 

decontamination process could be started. 

All the oil/water and sludge were removed by pumping the liquids.into lined drums, separated (oil 

and water), and transferred to storage tanks outside the building (Figure l-2). As the liquids were removed 

and containerized, they were sampled to determine the appropriate treatment and disposai strategies and to 

obtain an indication of the uranium concentrations within the sumps and manholes. After the oil/water and 

sludge were removed, the scrap materials within the sumps and manholes were removed to facilitate 

decontamination efforts and removal of the scale on the walls and floors (Figure 3-l). This debris was 
wiped to remove the oil and scale and containerized separately for shipment as low-level radioactive waste 

(LLRW). Before shipment to the commercial disposal facility, the oil and sludge were removed from the 

storage tanks, placed in lined drums, and solidified to meet disposal facility requirements and land disposal 

restrictions. 

I 
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The ~fet WBS filtered and tfisposed of by a local wntcr treatment and piocessing company, R support 

subcontractor specializing in management of waste waters of various types *,vith agreement from the 

Michigan Department of Natural Resources, Division of Radiological Health (Michigan Depnrtment of 

Public Health 1995). 

The contaminated inactive lines within the contaminated portion of the pipe chase were cut and 

wiped to remove the oily film. The decontamination materials were disposed of as LLRW. These pipes 

varied in size from 3 cm (I in.) to 24 cm (8 in.) od. About 30 percent of the pipe hangers, brackets, and 
pipes were radiologically clean and were left in place. The walls and floors of the pipe chase were 

decontaminated using simple decontamination techniques, which successfully removed all uranium in the 
pipe chase that exceeded surface radioactivity guidelines. 

The walls and floors of each sump were decontaminated by using a 3,000-psi and a 1 O,OOO-psi 

HydrolaserTM system and wiping with rags. The piping was decontaminated to the extent possible, 

surveyed, and then plugged and filled with flowable concrete. 

Manholes and sumps involved in the remedial action (Figure l-4) were electrical manholes 

(Figure 3-2) Ml, M 15, sump 3 with the associated oil trap, and the l07-cm (42-in.) sump (Figure 3-3). 

The manholes were constructed of concrete with drain inlets and outlets and typical duct banks. 

Some of the cables within the duct banks were insulated with friable asbestos-containing materials 

(ACM). Before the oil was removed, the ACM was encapsulated to keep it from spreading into the liquid 
and prevent unnecessary personnel exposure. After the oil was removed, the ACM was removed from the 

duct bank entrance, bagged, packaged in accordance with 49 CFR 173.1050 and Occupational Safety and 

Health, Administration (OSHA) regulations in 29 CFR 1926. I 10 I, and shipped for disposal as LLRW at 

the commercial disposal facility. The inactive cables were abandoned and left in place. To prevent 

inadvertent exposure to the ACM, all asbestos work was performed in accordance with applicable OSHA 

and Michigan State standards. 

After all the oil/water, sludge, and ACM were removed, the decontamination efforts were completed 

and all manholes were filled with flowable concrete or controlled low-strength material (CLSM) up to the 

cover plate level. [CLSM is a material similar to concrete but less dense: CLSM is 1 I,0 lb/f? (I .76 g/cm’), 

while concrete is 150 lb/f? (2.40 g/cm3).] The cover plates were then e’mbedded in the concrete or CLSM 

and welded shut. 

For sump 3 (Figure 3-4) and the oil trap (Figure 3-5), shoring reinforced the brick wall in the top 

portion of the sump. The oil/water was pumped out; sump pumps, the ladder, and electrical items were 

removed from the sump, and access was gained to the oil trap. The oil trap was decontaminated and filled 

with CLSM. Sump 3 was filled with a combination of CLSM [bottom to top 1.2 m (4 ft)] and flowable 

concrete [top I .2 m (4 ft)]. A detailed description of the post-remedial action status of each piping system 

is presented ir Table 3-1. ~-.~- “~~ ---.,+L~~. :, ..~‘~~~f$..*‘+z+*~ ,.; -i.- .c..L&f&~” 
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1 Table 3-1 

Post-Remedid Action Status of th: Piping System 

nt the General Motors Site 

Component Length 
m (f-t) 

Status 

Drainline: 
A 
B 
C 
E 
D 
F 
G 
H 
I 

37 (120) 
37 (120) 
61 (200) 
52 (170) 
56 (185) 
9 (30) 

44 (145) 
14 (45) 
18 (60) 

Filled 
Plugged at pipe chase 
Partially filled 
Plugged at pipe chase 
Plugged at pipe chase 
Plugged at M25 
Plugged at M 1 
Filled 
Filled 

Note: See Figure 1-2. 

Sump 3/ail trap: 

42-in. sump: 
Pipe Chase: 

Ml: 
M2: 
M15: 
M25: 

Backfilled with CLSM to duct bank inlets (4 ft from 
floor level), then concrete from floor level. 

Backfilled with CLSM. 
Decontaminated to surface release criteria. 
Backfilled to top with CLSIM. 
Backfilled to top with CLSM. 
Backfilled to top with CLSM. 
Backfilled to top with CLSM. 

Note: Density of CLSM = 1 10 lb/f? (1.76 g/cm’) 
Concrete = 150 lb/f? (2.40 g/cm3) 



One isolated area of slightly contaminated soil suspected of being a former disposal area was located 
40 m (! 3 I ft) southeast cf the main GM building (Figure l-2). This soif was excavated to a depth cf 0.6 m 
(2 tt) md an area of 0.03 m’ (3 ft’). Post-remedial action soil samples were then collected from the 

excavation to verify that the total uranium concentration was below the guidelines. Results from this 

sampling demonstrated that the post-remedial action total uranium concentration was 5 pCi/g, which is 

well below the site-specific cleanup limit of 35 pCi/g. 

A hazard assessment was conducted on the remaining components of the discharge system (M2, 
M16, and M25) and piping systems. Because these areas were either filled by GM after its purchase ofthe 

building in 1974 (M 16) or rendered inaccessible (M2 and M25) by placement of heavy machinery or 

switchgear, attempts to gain normal access would be extremely expensive. The unfilled manholes, M2 and 

M25, were filled with flowable concrete via their duct banks from other manholes. 

A hazard assessment (DOE 1996) was conducted to evaluate the use of supplemental limits, with the 

existing concentrations as inputs to estimate potential exposures under current and future use. The hazard 

assessment was designed to evaluate doses to workers and the public from the residual contamination and 

to assess whether additional remediation was warranted based on costs of further reductions in dose and 

current and future land uses. The potential doses from the site in the areas with residual uranium were 

estimated as 0.8 mrem/yr for a non-routine maintenance worker and 2.5 mrem/yr for a future renovation 

worker. These estimates are well below the DOE limit of IO0 mrem/yr. 

The results from the hazard assessment showed that supplemental limits, as described in DOE Order 

5400.5, were warranted for the GM site, so the existing residual uranium concentrations were approved as 

supplemental limits. These limits allow the materials to be left in place and permit the subject areas to be 
backfilled. The residual uranium in these limited areas will not pose a significant potential future risk, and 

the cost of removal would be very high relative to the long-term benefits that would result. 

3.2 CONTAMINATIONCONTROLDURINGTHECLEANUP 

During the remedial action, engineering controls, administrative controls, and monitoring were used 

to protect remediation workers and members of the genera! public from potential exposure to radiation in 

excess of applicable standards. These controls are outlined in the safety and health 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 equipment such as hoods and respirators were required, as specified in the safety and health 

instructions. 

Workers exiting radioactively contaminated work areas were subjected to a whole-body scan 
(frisked) at the control point by a hez!th physics technician with a hand-held radiation detection instrument 
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to ensure that their protective clothing was not contaminated and to prevent the spread of contamina:ion to 

clean areas. A frisk is simply a search for radioactive material that may have rubbed off onto the clothing 

of individuals inside the work arca. The hand&id radiation detection instrument is held approxi,-na;eIy 
two inches away from the area to be “frisked” and moved slowly (about 6 cm (2 in.) per second] to scan 

the portion of the body or clothing being examined. Personnel were resurveyed (boots and hands) after 
they removed their personal protective equipment (PPE) to ensure that no material was transferred to 

personal clothing or skin. Contaminated PDE was containerized and shipped for disposal as low-level 

radioactive waste. 

The total exposure to the general public and the work force was minimized because of the 

nondestructive methods of surveying the piping systems and components. An SEA Pipe ExplorerTM 

obtained radiological survey information on 12-cm (4-in.) drain lines and electrical duct bank conduits 

connecting the electrical manholes and sump 3 without using intrusive methods of conventional remedial 

actions (e.g., excavation, pipe cutting). The Pipe ExplorerTM used a pneumatically deployed inverted 
membrane to send the detector through the system at a constant rate while obtaining real-time data. 

Therefore, the operator could remain outside the system and obtain the radiological results for the pipe. 

The only contaminated material from the operation was approsimately 0.03 m3 (0.04 yd3) of plastic 

membrane (Appendix A). 

Perimeter air particulate sampling was conducted adjacent to areas being remediated to ensure that no 
member of the general pub!ic v as +:xposed to radioactivity in excess of the current DOE guidelines (DOE 

Order 5400.5). The DCG limits for air in DOE Order 5400.5 represent the concentration of a particular 

radionuclide that would yield a committed effective dose equivalent of 100 mremlyr, 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 the 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-238 measured by area particulate air samplers ranged from 

4.3 x IO”’ pCi/mI (0.00043 pCi/L) to 7.8 x 1O”3 uCi/ml (0.00078 pCi/L). The DCG is 2.0 x lo-” pCi/mI 

(0.002 pCi/L) for uranium-238 (2.6 times larger than any activity detected at the site): 
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4.0 POST-REMEDIAL ACTION MEASUREMENl’S 

Post-remedial action surveys arc designed to permit an evaluation of the current radiological status of 
the property and a comparison with guidelines for the release of property for radiologically unrestricted 
future use. Differences in measurement protocol among sites are generally attributable to the types of 

material handled and the physical form of the contaminants. The measurements listed in this section, 

therefore, are those needed to provide an adequate survey of the GM facility. 

To determine the levels of uranium remaining after decontamination, the following surfaces were 

monitored: walls and floors of sump 3 (Figure 4-l), the oil trap associated with sump 3 (Figure 4-2), 42-in. 

sump, MI, M 15 (Figure 4-3), piping associated with the systems remediated, the pipe chase, and the 

exterior area southeast of the building. 

Direct surface contamination is the total amount of radioactive contamination on a surface; therefore, 

a survey of direct surface contamination quantifies both,the removable and the permanently fixed 

contamination. Transferable contamination is the removable component and can conceivably be picked up 

on clothing or skin upon contact. 

TO quantify direct surface contamination, radiation detection instrumentation is placed directly on or 

near the surface to measure the radioactivity emitted from a known surface area. Direct alpha radiation is 

measured with an alpha scintillation detector connected to a scaler, an instrument that counts the number of 

radioactive disintegrations (decays) detected in a speci tied amount of time. Direct beta/gamma radiation 

measurements are obtained with a Geiger-Mueller probe attached to a scaler. The probe is placed about 

1.3 cm (0.5 in.) above the surface to be surveyed, and decay pulses are allowed to accumulate for one 

minute on the scaler, resulting in a measurement of counts per minute (cpm) for the surface area. These 

measurements are then converted, with appropriate calibration and conversion factors, to dpm/lOO cm’, a 

common unit of measurement in health physics. 

To measure transferable contamination, the surface is “swiped” or “smeared” with a paper smear. 
The smear is placed in a portable smear counter, and alpha and beta/gamma radiation are each counted for 

one minute. The resulting measurements in cpm are then readily converted to dpm/lOO cm’. 

TN performed the laboratory functions for analyzing the collected samples and provided radiological 

support as required. ORNL performed independent verification surveys of the reme’diated areas using 

similar survey techniques; the ORNL survey data will be issued as a separate report. When remedial 

action was completed, the property was restored to a condition agreed upon by DOE and the property 
owner: the sumps and manholes were backfilled and cover piates welded shut, and all associated pipink 

was plugged or filled. 
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All removable residual radioactive material above the current guideline that could be reached in a 
practicable and cost-effective manner was removed from the GM site and properly disposed of (see 
Appendix 6). Post-remedial action direct surface contamination measurements (Tables 4-I 2nd J-2 j were 
used to verify the removal of the residual radioactive material from the pipe chase areas to levels below the 
DOE guidelines. The supplemental limits derived from the previously described hazard assessment were 
applied to the remaining areas. 



Table 4-1 

Post-Remedial Action Survey Results for the Drain Lines at the GM Site 

Component Current Levels of Residual Contamination Average Over Length Surveyed status 
(dpm/lOO cm’) (dpm/lOO cm’) 

Drain Line: 
A: Pipe was found to be previously backfilled. N/A Filled 

B: 3,500 - 32,720 7,760 Plugged at pipe chase 

c: 7,840 - 1,343,63 1 540,000 Partially filled 

D: 3,270 - IO,94 1 1,850 Plugged at pipe chase 

E: 2,940 - 5,484 2,210 Plugged at pipe chase 

F: Pipe inaccessible. No survey. N/A Plugged at M25 

G: 3,280 - 3,307 I,1 10 Plugged at M 1 

H’: 36,637 - 1,314,289 361,000 Filled 

I. 1. 18,668 - 752,077 166,000 Filled 

‘These drain lines are associated with the 42-in. sump. 
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Table 4-2 

Post-Remcdid Action Survey Results for Other Components at the GM Site 

rP 
$ 
f 
L. 

$ Direct Surface Contamination Transferable Surface Contamination’ 

i 
Alpha Beta/Gamma Beta/Gamma 

t 

Number of 
’ Component 

Range Range Number of 
Samples (dpm/lOO cm’) (dpm/ 100 cm’) 

Range 
Samples (dpm/lOO cm’) 

Ml 
‘Jdk.: 

North: 
Northeast: 
East: 

. Southeast: 
South: 
Southwest: 
west: 
Northwest: 

Floor 

Ml5 
Walls: 

North: 
Northeast: 
East: 
Southeast: 
South: 
Southwest: 
West: 
Northwest: 

Floor: 

42-k SUMP 
Walls: 

61 - 212 
20- I61 
50- 182 
81 - 192 
71 -222 
50-212 
30-313 
50- 192 

~-6 - 89 

-83 - 584 
445 - 1,168 
56 - 640 
195 - 862 
250 - 862 
28 - 695 

-83 - 528 
306 - 862 

<-21b 
c-16 
a 

c-51 
P 

G I2 - 4,727 2 C-7 - <28 

5 -50 - 121 584 - 2,475 1 < I6 
5 -50-71 556 - 1,502 1 <-I 
6 -5o- 141 445 - 2,197 2 <-I -54 
5 -20 - 1 I 1 334 - 1,418 2 < 4-54 
5 -50 - 121 501 - 3,587 2 c-9-29 
5 +I -50 - I61 417 - 1,307 I < -17 
5 -50 - 252 417-945 2 c-38-20 
6 -50 - 202 195 - 4,255 I 83 
12 81 - 353 1,390 - 13,598 I2 < 14- I85 

I4 69 - 956 <I63 - 4,391 I4 c-19-58 
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Table 4-2 

(continued) 

Component 

Direct Surface Contamination Transferable Surface Contamination’ 
Alpha Beta/Gamma Beta/Gamma 

Number of Range Range Number of Range 
Samples (dpm/I 00 cm’) (dpm/lOO cm’) Samples (dpm/lOO cm*) 

SUMP 3 
Walls: 

liorth: 
East: 
South: 
West: 

Floor: 

OIL TRAP: 
Hole A: 
Walls: 

North: 
East: 
South: 
West: 

Floor: 

Hole B: 
Walls: 

North: 
East: 
South: 
West: 

Floor: 

Hole C: 
Walls: 

North: 
East: 
South: 
West: 

Floor: 

c-4 - 140 
53 - 282 
63 - 140 
cl5 - 82 
c-8 - 258 

729 - 2,609 4 < 7-41 
I, I50 - 5,863 4 < 3-QO f :g 
6, I70 - 9,285 4 c-19 - 105 i ‘C e 9 

701 - 1,066 4 c-27 24 - i “.: 
I25 - 2 15,064 

844 - 63,375 
1,216 - 3,896 
1,588 - 108,933 
1,067 - 4,069 
5,246 - 15,344 

I ,O 17 - 52,308 
1,117-26,774 
1,166 - 6,352 
1,638 - 3,524 
4,067 - 64,909 

1,861 - 8,511 
794 - 7,370 

2,060 - 6,179 
1,638 - 7,618 
I ,5 16 - 32,903 

NA 



Table 4-2 

(continued) 

Component 

Direct Surface Contamination 
Alpha Beta/Gamma 

Number of Range Range 
Samples (dpm/lOO cm’) (dpm/ 100 cm”) 

Transferable Surface Contamination’ 
Beta/Gamma 

Number of Range 
Samples (dpm/lOO cm’) 

PIPE CHASE: 
East End: 
Walls: 

North: 
South: 
East: 

Floor: 

West End: 
Walls: 

North: 
South: 

West: 
Floor: 

52 c-8 - 70 c-309 - 1,206 2 <-12-<j 
52 c-8 - 97 C-281 - 757 
39 <2-97 < 84 - 4,628 Ial 

a 
c-25 52 - 

39 c-15-51 . c-564 - 908 a a 

44 c-13 - 290 < 167 - 2,153 14 c-17-75 
44 < 15-602 -z 83-3,115 14 c-34 - I14 
6 c-13 - 25 cl22 - 612 a 
33 < 6-233 c 306 - 3,611 ;I c-17 - 92b 

Stores Area: 
Walls: 

North: 
South: 

Floor: 

70 x-331 c-532 - 2,380 ’ 24 c-29 - 91 
70 < 2 - 324 <-I 12 - 8,426 I7 c-28 - 79 
56 < -8 - 335 <-ll2-2,160 22 c-19-67 

Average DOE Guideline: 5,000 5,000 (Average) 
15,000 (Masimum) 

1,000 

‘I’ransLx~blc samples taken when dirwl surlbcc contamina!ion readings cxcccd the DOE guidclincs. 
“plle *‘<” sign indicates that the measurement was less than the minimum dctcctablc activity (MDA). The “G” sign indicates [hat the measurement WY 
less than the h*IDA and thk ailur background was subtracted, the numerical value was ncgativc (i.e., <MDA rcsu~ minus background >MDA = nrgalivs 
results indicated by “c-“) 

‘Pipe Esplokr’r readings, capabilities limited IO direct readings only. Alpha detection currently unavailable. 

Nom: Pipe chase area was remediatcd to DOE Order j400.5 levels. Remaining areas were rcmediatcd to supplcmcntal levels. 
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5.0 POST-REMEDIAL ACTION STATUS 

The post-remedial action survey data indicated that all areas of the GM site determined to be 
contaminated during characterization surveys are now in compliance with applicable guidelines 
(authorized or supplemental limits) for cleanup of residual radioactive contamination. Based on a review 

of post-remedial action measurements, survey procedures, and quality assurance data, the IVC confirmed 

that the site was decontaminated to the radiological guidelines established for the site, below the DOE 

guidelines. 

After completing verification activities, the WC notified DOE-Headquarters, Division of Facility and 

Site Decommissioning, and DOE-Oak Ridge Operations, Former Sites Restoration Division, of its findings 
and recommendations. 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 DOE 

decontamination criteria and standards to protect health, safety, and the environment, and the site was 

released for use without radiological restrictions. 
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GLOSSARY 

Alpha-emitting - Set Radiation. 

Ambient background radiation - Ambient background radiation refers to naturally occurring radiation 

emitted from either cosmic (e.g., from the slrn) 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 millirem per year (mrem/yr), Colorado receives about 1 15 

mrem/yr, and some areas in South America receive up to 7,000 mrem/yr. Naturally occurring terrestrial 

radionuclides include uranium, radium, potassium, and thorium (see Radionuclide). The dose levels do 

not include the concentrations of naturally occurring radcn inside buildings. 

Beta/gamma-emitting - See Radiation. 

Centimeter - A centimeter (cm) is a metric unit of measure for length; 1 inch is equal to 2.54 cm; 1 foot 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 mrem. For comparison, a dose of 500,000 mrem to the whole 

body within a short 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 mrem/yr above background levels; living in 

a brick house typically results in a dose of about 75 mrem/yr 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 (uR), and exposure rate is typically expressed as @/II. 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 uIUh for 168 h/week 

(continuous exposure) for 52 weeks/yr, the whole-body dose would be approximately 175 mrem/yr. 

Gamma radiation - See Radiation. 
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Meter - A meter (m) is a metric unit of length; 1 m is equal to approximately 39 inches. 

Micruroentgen - A microroentgen (pR) 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 :o man. The DOE dose limit is 

100 mrem above background radiatiorl levels within any one-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/yr above background and the health of groups who are not 

exposed. 

Natural background radiation - Natural background radiation refers to radiation emitted from the 

i 
naturally occu;ring 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 penetrnte the outer layers of human skin. Beta 

.i 
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. ’ Jranium in its natural form is not suitable for use as a fuel 

source. 
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Introduction 

The U.S. Department of Energy’s 
nuclear facility decommissioning program needs 
to characterize radiological contamination inside 
piping systems before the pipe can be recycled, 
remediated, or disposed. Historically, this has 
been attempted using hand held survey 
instrumentation, surveying only the accessible 
exterior portions of pipe systems. Difficulty, or 
inabilir!. of measuring threshold surface 
contamination values, worker exposure, and 
physical access constraints have limited the 
effectiveness of this approach. Science and 
Engineering associates, Inc. under contract with 
the DOE Morgantown Energy Technology 
Center has developed and demonstrated the Pipe 
Explore? system, which uses an inverting 
membrane to transport various characterization 
sensors into pipes. Ee basic Frocess involves 
inverting (turning inside out) a tubular 
impermeable membrane under air pressure. A 
characterization sensor is towed down the 
interior of the pipe by the membrane. 

Research sponsored by the U.S. Department of Energy’s 
Morgantown Energy Technology Center, under contract 
DE-AC?.I-93MC30172 with Science and Engineering 
Associates, Inc. 6100 Uptown Blvd. NE, Albuquerque, 
NM, 87 I 10; telefax: (505) 88 l-7420 
* Patent Pending 

Advantages of this approach incIude the 
capability of deploying through constrictions in 
the pipe, around 90” bends, vertically up and 
down, and in sIippery conditions. Because the 
detector is transported inside the membrane 
(which is inexpensive and disposable), it is 
protected from contamination, which eIiminates 
cross-contamination. Characterization sensors 
that have been demonstrated with the system 
thus fu include: gamma detectors, beta 
detectors, video cameras, and pipe locators. 
Alpha measurement capability is currently under 
development. 

A remotely operable Pipe ExplorerT” 
system has been developed and demonstrated 
for use in DOE facilities in the 
decommissioning stage. The system is capable 
of deployment in pipes as small as 2-&h- 
diameter and up to 250 feet long. This paper 
describes the technology and presents _ 
measurement results of a field demonstration 
conducted with the Pipe ExplorerfM system at a 
DOE site. These measurements identify surface 
activity 1eveIs of U-238 contamination as a 
function of location in drain lines. Cost savings 
to the DOE of approximately $1.5 million 
dollars were realized from this one 
demonstration. 

Ic.-I -...._,_.. . __ / , .*_ w..se-u*4.-.c, 



Problem 

By their nature, the interiors of pipes and 
ducts are difficult to access. In many cases, 
even the exteriors are inaccessible. For 
example, drainlines are buried or encased in 
concrete and duct work is often elevated or 
enclosed. To access these structures for 
characterizations such as radiological surveys, 
requires significant effort and cost. ‘These costs 
are further increased if the characterizations are 
carried out in a radiological control zone, where 
greater personal protective measures and 
support crews are required. 

Furthermore, for alpha and beta emitting 
contaminants, such as U-238 and Pu-239, it is 
necessary to take unobstructed measurements of 
contaminated surfaces. Thus, external 
measurements through pipe walls are inadequate 
and the only way to gather data is to get an 
instrument inside of the pipe. 

Alternative methods to the Pipe EspIorerT” 
system can be used to transport detectors into 
pipes, such as pipe crawlers and push rods. 
Howevei, these methods lead to ambiguous 
results if there is removable contamination 
present. With nothing to prevent contamination 
from getting on the detector there is no way to 
differentiate between contamination on the pipe 
wall and contamination on the detector.. There 
are additional limitations associated with these 
alternative methods. For example, pipe crawlers 
are typically limited to larger diameter pipes (> 
4 inches). They are also cumbersome to operate 
around elbows and have a difficult time in pipes 
with slippery surfaces. Push rod methods are 
limited in length and a& often unreliable when 
trying to get a detector around elbows. 

Solution 

As a solution to this problem, SEA adapted 
its inverting membrane technology to transport 

.- ̂ 

radiation deiectors and other characterization 
tools into pipes. The system use; XI sir-tight 

membrane configured so that ivhcn It IS 
pressurized it inverts into a pipe. AS it inverts 
the pressure force on the end of the membrane is 
ade’quate to tow a detector around multiple 
elbows and through several hundred feet of 
piping. This technology not only provides an 
effective transportation method for detectors, 
but it also provides a clean conduit through 
which the detector can travel. 

TechnoIo,g Description 

The primary components of the Pipe 
ExpIorerTM technology are iIlustrated in 

. Figure 1. The heart of the system is an air-tight 
membrane which is initially spooled inside of a 
canister. The end of the membrane protruding 
out of the canister is folded over and attached to 
a basepipe. When the canister becomes 
pressurized in this configuration, the air pressure 
on the membrane causes the membrane to be 
pulled from the spool. This continues until the 
membrane is completely off the spool. A 
characterization tool such as a radiation detector 
is attached to the end of the membrane and 
towed into the pipe as the membrane continues 
to invert. The detector cabling is also towed 
into the pipe ,fiorn the spool. To retrieve the 
system from a pipe, the process is simply 
reversed, where the cabling, detector, and 
membrane are’ ~ounci back onto the spool. The 
system can thus be used to move a detector 
freely back and forth through a pipe while the 
detector output and position are continuously 
recorded. As a result, the Pipe Explorerm 
system provides high resolution analysis of the 
location of radioactive contamination in pipes. 



Membrane wrapped around umrfcr 
oullel and clamped 

P~pc to be surveyed 

Membrane rolled up on reel 

Canialer 

Membrane inverts and extends 
/into pipe under air pressure I I 

/Tether/signal cable ! I 

Attachment point of 
tether to membrane 

’ Defector being towed into pipe 

Figure 1. Sequence of membrane and 
detector deployment with the Pipe 

ExplorerTM system. 

The membrane also provides a clean 
conduit through which the detector travels. This 
protects bbth the detector and the workers 
handIing it. Furthermore, measurements are 
inherently more reliable. A detector transported 
in any other fashion runs the risk of removable 
contamination adheting tc the sensor,.which can 
cause erroneously high or false positive 
readings. 

The general operating procedure is to 
fust deploy the membrane halfway into the pipe. 
This is the point where the detector begins to 
enter the pipe from the deployment canister. At 
this time data acquisition is initiated. In most 
cases the detector is deployed out relatively 
quickly (up to 30-Wmin). More detailed 
radiological measurements are taken as the 

, 

detector is retrieved from the pipe at a slower 
rate. 

As the detector 1s being retrieved the 
tether is wound back into the deployment 
canister. The membrane prevents contamination 
from contacting the tether. However, as a 
precautionary measure, two sampling smears are 
used to swipe the entire surface of the tether and 
the detector. When the tether is completely 
retrieved the smears are surveyed with a 
pancake GM probe to ascertain if any 
contamination has potentially been transferred 
into the canister. To date, no contamination of 
the canister or tether has been noted. Once the 
detector has been retrieved and the survey . 
completed (the detector can be re-deployed for 
additional data if needed), the detector is 
removed from the end of the membrane. The 
membrane is then fed through a diaphragm to an 
external reel assembly or manually fed into a 
disposal drum. The membrane being handled 
has been inverted. Therefore, the side of the 
membrane that has been in contact with the 
contaminated pipe is contained within itself (this 
is analogous to the way a Hazmat worker 
removes rubber gloves). The inexpensive 
membrane (about SO.OYft) is then disposed. 
This secondary waste generation is minimal. 
Several hundred feet of membrane is easily 
compacted into less than a cubic foot. 

Capabilities Summalrq! 
The absolute maximum deployable 

distance of the system is currently limited by the 
length of cabling and canister size. The current 
configuration allows for 250-foot deployments. 
Longer distances may be achievable but no 
applications to date have required any longer 
attempts. Practical deployment lengths are 
limited by elbows in the lines and the diameter 
of the pipe. Table 1 lists typical results that 
have been achieved, in laboratory tests, and are 
used as general guidelines. 
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The Pipe ExplorerTM system l1a.s been 
used to transport severa! different ry’pes of 
radiological measurement instruments. Table 2 
lisrs these instruments and their descriptions. 

SEA currently has two deployment 

Additional uses of the Pipe ExplorerTM 
have been identified and have either been 

nominally demonstrated or are being integrated 
with the system. These include; 

systems available. The first is a fully automated 
system. With its motorized operation and built 
in deployment sensors it allows for continual 
unattended pipe surveys. The second system is 
a smalIer, manually operated system. 

* Transport of pipe locating beacons 
l Transport of video cameras 
l Alpha detection methodologies 

Table 1. Typical DepIoyment Lengths and Number of Elbows for Various Pipe Sizes. 

&pe.Diam$er~’ Number of Distance 
(inch&. ‘,_‘, 

. Maxim~~?eployed 
90° Eibows .’ ‘. (ieet) 

1 0 50 
2 2 200 
3 4 250 
4 3 250 

Table 2. Radiological Instruments Used with the Pipe ExplorerTM System. 

Detector.Type Detection $l’ode ” : ..,yotes ::, :, .., ,,,,, ,,:I, ‘. ._, ‘.. ., (.. 
.,:. ,,: . ..‘(’ /’ 0,: ‘. ,.,‘, 
Bicron BC-404 Beta Large window offers high sensitivity beta detection. 

Plastic Scintillator Compact package allows transport around 2-inch 
1.25 inch x 1.95 inch elbows. 

Bicron BC-408 Beta . Ruggedized packaging good for applications in pipe 
Plastic Scintillator sizes 3-inches and up. 

* 0.5 inch x 0.5 inch W-M 
. NaI(T1) Gamma Large crystal provides high sensitivity and good. 

2-inch x 2-inch spectral resolution. Larger package size limits 
crystal size applications to pipe sizes greater than 4 inches. 

CsI(Na) Gamma SmalI package allows transport around elbows in 2- 

I 
1.125-&h x 1.188-inch 

I 
inch pipe. 

crystal size I 
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, Results 

in estensive demonstration of the Pipe 
Explorer TM was conducted for the DOE 
Formerly Utilized Sites Remedial Action 
Program (FUSRAP) at a site in Adrian 
Michigan. During the 1950’s the Bridgeport 
Brass Company operated a Special Metals 
Extrusion Plant at the site. This was done under 
contract with the DOE, then the Atomic Energy 
Commission. The product of this operation was 
material for uranium fuel elements for reactors 
in Hanford, Washington, and the Savannah 
River Plant in South Carolina. Uranium 
handled in this operation included depleted, 
natural, and up to 2.1 percent enriched in U-235. 
The site is still an active factory where plastic 
automobile parts, such as door panels and dash- 
boards, are extruded and finished. 

During production of the uranium fuel 
elements, waste materiai from the extrusion 
process mixed with oil from the machinery. 
This mixture subsequently flowed into the oil 
drainage system contaminating over 1000 feet 
of burie’d drain-lines with varying amounts of 
uranium tainted oil. In order to quantify the 
extent and degree of this contamination and to 
conduct post-remediation measurements, the 
DOE FUSRAP hosted a demonstration of the 
Pipe ExplorerTM system. 

SEA conducted surveys at the site on 
two separate occasions. The first occurred in 
April 1995 and the second in May 1995. 
Thirteen surveys were carried out in eight drain- 
lines. Several lines were surveyed more than 
once to confirm success of remedial actions. 
Two Pipe Explorerrsf deployment systems were 
used with 3 different radiological sensors. The 
first system used during the April demonstration 
was a manuaIiy operated sy’stem. Deployment 
with this system is controlled by a hand crank. 
Figure 3 shows the system in operation at the 
site. With this system, the detector is deployed 

to a specified location where the position of the 
detector and its output are recorded b>, rile 
operator. Fi_rure 4 shows data from one of the 
surveys conducted with the manually operated 
Pipe EsplorerThi system in conjunction with a 
beta detector. Tfke data was taken prior’to any 
remedial actions. Thus, the drain-line had a 
substantial amount of thick oily sludge in it 
(about the consistency of peanut butter). The 
detector and its tether were successfully 
deployed and retrieved with none of the oily 
contamination coming into contact with the 
detector, tether, or workers. The data in 
Figure 4 was obtained with a detector designed 
and calibrated by the DOE Grand Junction 
Projects Office Radon Laboratory (Reference 1). 

Figure 3. Operation of the Pipe ExplorcrTb” 
system at the FUSW site. The membrane is 

being retrieved from a drain-Iine. 
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cf this length to gu~!e the membrane to the 
drain-line entrance. The structure of this dats 
shows the utility of a continuous survey. The 
data shows a small amount of contamination up 
to the 40-foot mark in the drain-line. At this 
point the line intersects &other drain-line which 
had been thoroughly cleaned. After the 
intersection, however, substantial contamination 
was encountered. The only exception was a 
relatively clean section between 90 and 100 feet. 

Figure 4. Surface activity measured in 
a 4-inch drain-Iine at the FUSW site with 

the manually operated Pipe Exploreff” 
system. These measurements were taken 
prior to.removaI of contaminated sludge 

from the drain-line. 

For the second stage of the 
demonstration carried out in May 1995, the 
automated Pipe ExplorerTh* system was used 
with a higher sensitivity beta detector. The 
system canister includes a motorized reel and a 
deployment distance measurement sensor. 
Additional sensors in the canister such as a slack 
indicator, a tension meter, and pressure 
transducers enable the system to run with 
minimal operator interaction. All outputs from 
the sensors are displayed on a control panel. In 
addition, they are recorded and displayed on a 
laptop computer acting as a virtual instrument 
through a Lab\ iez?? program.’ The radioIogica1 
data is also recorded on the laptop so that 
surface activity as a function of distance into the 
pipe can be monitored in real time. Figure 5 
shows the automated system in use at the 
FUSRAP site. 

A sample of the data obtained with this 
system is shown in Figure 6. The actual drain- 
line begins at a distance of 27 feet. Since access 
to the drain-line was obtained through a deep 
manhole it was necessary to construct a conduit 

Figure 5. The fully automated Pipe 
EsplorerT3’ system in use at the FUSRAP site. 
The deployment canister is on the floor to the 
left and the operator and control box are on 

the right. Note that the system is located 
outside of the radiological control zone. 

atlon of the Data 
Data obtained with the Pipe ExplorerTh’ 

system at the FUSRAP site was verified with 
several methods. The first was purely 
qualitative, where the membrane was visually 
inspected as it was retrieved,fiom the drain-line. 
This was useful in such instances as shown in 
Figure 6 where the dati showed significant 
structure. For example, a large amount of the 



oily sludge was noted on the ponion of the 
membrane that had trAveled IO0 to 120 feet into 
the drain-line. The portion of the membrane 
around 38 feet had virtually no oil on it, but 
below 90 feet substantial amounts of the oily 
sludge were again seen on the membrane. 

Another validation method used was to 
. measure the activity of contamination adhering 

to the membrane as it was being retrieved. 
Measurements were taken with a conventional 
pancake GM probe. This data is shown as 
triangles in Figure 6. The distance accuracy for 
these measurements is substantially less than the 
accuracy of the Pipe ExplorerTM data (pancake 
meter data accurate to approximately 52 feet, 
Pipe ExplorerrM accurate to f1 inch). Surface 
activity measured with the Pipe ExploreiT” is 
consistently higher than that measured with the 
pancake GM probe because the Pipe ExpIorerTh’ 
system measures the contamination in the pipe 
and the pancake GM probe measures only the 
contamination that adheres to the external 
surface of the membrane. Furthermore 
measurements with the pancake probe are not 
calibrated for anenuation effects of the 
membrane, whereas the data obtained by the 
Pipe ExplorerTM system is. 

Confirmation of the data was also 
attempted by pushing a small GM detector into 
the drain-line. However, contamination 
adhering to the GM probe assembly tended to 
obscure the measurement of contamination on 

. the pipe wall. 

Detector Calibratim 
The ideal way to con&-m the Pipe 

ExplorerTM system data would have been to 
excavate a portion of a drain line and have it 
analyzed. However, the motivation for using 
the system at the FUSRAP site was to avoid 
excavating drain-lines. Therefore, confidence in 
the data was obtained through rigorous 
calibration of the detector. 
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Figure 6. Survey of a drain-Iine at the 
FUSW site with the automated Pipe 

ErplorerTM system (solid line). Triangular 
data markers show measurements of 

contamination on the membrane retrieved 
from the drain-line. 

Detectors used with the Pipe Explorerr” 
system are specifically calibrated for each use. 
They are calibrated with an isotope of similar 
energy of the contaminants that are suspected in 
a pipe and calibrated in the same measurement 
geometry. For exampIe, since U-238 was 
suspected at the FUSW site, Sr-90 was used 
as a calibration source (U-238 is not available in 
sufficiently high activities for calibrations). The 
daughter product of Sr-90 (Y-90) emits a beta 
particle with similar Znergy as the dominant U- 
238 daughter product, Pa-234m. The Sr-90 
calibration source has an known activity 
tiaceable to the National Institute of Standards 
and Technologies. Using this calibration source 
results in slightly elevated detection efficiencies 
because of a lower energy beta emitted by Sr-90 
(546 keV max.). This emission is more heavily 
attenuated by air and the membrane material 
than the higher energy beta from Y-90, but no 
effort was made to determine this difference. 



The significant added cost of assessing this 
effect on the calibratians was no; deemed 
necessary, since the error was not considered 
significant (on the order of 20 percent) and it 
results in conservative measurements. 

The calibrations were carried out to best 
simulate the measurement conditions tiiat would 
be encountered at the FUSRAP site, where the 
detector rests on the bottom of a 4-inch pipe 
inside of a 4-mil polyethylene membrane. 
Therefore, all of the calibration measurements 
were made through a sample of the membrane 
material in 4-inch pipe. The fundamental 
procedure used in the calibrations was to move 
the calibration source to various grid locations 
surrounding the detector and determine the 
probe response at each location. The response 
of the detector to the Sr-90/Y-90. source was 
integrated over all angular and axial positions to 
determine detector response to distributed 
contamination inside of 4-inch pipes. The 
response of the detector to a check source in a 
fixed geometry was recorded immediately 
before and afier the detector calibrations. The 
check source measurement was repeated prior to 
and after each drain-line survey at the FUSRAP 
site to verify the detector performance had not 
changed since the calibrations. 

Benefits 

The use of the Pipe Explorer offers many 
technical benefits. These include; 

l 100% gamma and beta surveys of pipe 
interiors, even in buried pipes. 

l 100% alpha surveys of pipe interiors 
(available soon) 

l Detector does not become contaminated 
l Removable contamination is not spread 

along pipe. 
l Personnel exposure significantly reduced. 
l Immediate results. 

Technical benefits such as the ones listed 
c;bove for the Fipe Expiorer T ?J arc usualI> 
heralded as the pdy-off for a DOE investment in 
a new technology. However, the primary retion 
the DOE provides funding for development of 
environmental technologies is so that economic 
benefits will result through more expedient and 
cost effective methods. Substantial cost savings 
have already been realized from use of the Pipe 
Explore? system at the FUSRAP site 
demonstration. These cost savings to the DOE 
are nearly three times the amount invested in 
the development of the Pipe ExplorerT”’ 
system.’ 

The DOE FUSR4.P recognized that the cost 
of excavating buried drain-lines at the site in 
Adrian MI would be substantial. Therefore, 
they developed a methodology to avoid these 
excavation costs. The plan was to verify that 
activity levels of contamination in the pipes 
were below a criteria level of 7x10’ 
dpm/lOOcm* (averaged over the length of the 
drain-lines). It was determined through a,hazard 
assessment that such levels of contamination 
posed no threat to the general population. Thus, 
;he drain-lines could be left in place after 
sealing the contamination with grout. If surface 
activities were found in excess of the criteria 
level then the drain-lines were to be flushed and 
cleaned prior to grouting. 

The initial method that was used to 
.cha.racterize the drain-line was to insert a small 
geiger-mueller (GM) detector directly into the 
drain lines. This was soon found to be an 
ineffective method because of the abundance of 
removable contamination present. The 
contaminated oil would adhere to the detector, 
making it difficult to differentiate berween 
measurements of contamination on the pipe 
walls and contamination directly on the detector. 
In addition, only Iimited lengths of the drain- 
lines could be accessed since in many cases the 
detector could not be shoved around elbows. 



The benefits of using the Pipe Explorerr” 
O~JCT direct insertion of 3 detector were readily 
seen in surveys of one of the drain-lines. Dara 
initially obtained with the manually operated 
Pipe ExplorerTM system from this drain-line is 
shown in Figure 6. Activity levels in the pipe 
were found in excess’ of the 7x 10’ dprn/l OOcm’ 
criteria level. The drain-line was then cleaned 
and a subsequent survey was conducted. 
Activity levels were found substantially reduced 
with the exception of a hot spot near the 
beginning of the drain-line. A detector 
manually inserted into the pipe would have 
come into contact with this hot spot and 
measurements through the rest of the drain-line 
would have been inaccurately high. Therefore, 

TM the Pipe Explorer system provided accurate 
results showing that the drain-line was within 
the criteria level. Similar results were obtained 
in the other seven drain-lines surveyed. 

Had accurate data not been available from 
the Pipe ExplorerT*’ system there would have 
been no way to assess activity levels in rhe 
drain-lines. Therefore, it would have been 
necessary to excavate them. It is estimated that 
the costs to excavate the drain-lines would ha1.e 
been on the order of $1.2 million (Ref. 2). 
However, this estimate neglects the fact that the 
site is an active automotive parts factory. 
Therefore, costs associated with plant impacts 
and relocating factory operations should also be 
included. Factory personnel have good 
estimates of these costs from prior experiences 
of modifications to the plant. Their estimate of 
these costs are about $0.8 million. The cost 
savings were diminished somewhat by the 
expense of cleaning the drain-lines and 
disposing of the waste generated from the 
cleaning. This cost is estimated at $0.5 million. 
Therefore, the net savings is estimated to be; 

S1.2 +SO.8 -SO.5 = 51.5 million 

11 is interesting to note that the cost of 
survey in 

s Explorer *’ 
excavated drain-lines \vith the P~pc 

system was included in the 
excavation cost estimate. This was done since 
characterization of w:r;te is necessary prior to 
disposal. Therefore, whether the drain-lines 
were left in place or excavated, the FUSRAP 
remediators identified a need for the Pipe 
ExplorerW system. 

Future Activities 

The development 
ExplorerTM 

of the basic Pipe 
system which includes gamma and 

beta detection capability is nearing completion. 
The final aspect of this phase of development is 
to demonstrate the system at OIINL during 
October 1995. Video inspection capability of 
the system will be demonstrated along with 
radiological surveys. . 

AfIer this time the system will be available 
for service work as an inspection tool. A great 
deal of interest has already been expressed in 
using the system at; 

l Rocky Fiats 
l Los Alamos National Laboratory 
l Sandia National Laboratory 
l Other FUSR4P Sites 
l and Argonne National Laboratory 

In July of 1995 an the development of an 
enhancement to the system was funded by the 
DOE METC. This will enable the system to be 
used for detecting low levels of alpha .emitting 
contaminants such as Pu-239. This will be 
accomplished by making the inverting 
membrane component of the system an alpha 
sensitive scintillator. A photo-detector, towed 
through the membrane, much the same way as 
gamma and beta detectors, will quantify activity 
levels as a function of length over 100% of the 
internal surface area (for more information see 



related paper in these proceedings). After this 
enhancement is added to the system, comple!e 
alpha/beta/gamma surveys will be possible with 
the Pipe ExplorerT” system. 
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APPENDIX B 

WASTE MANAGEMENT SUMMARY 



WASTE hlANAGEMENT SUMMARY 

FOR THE GENERAL MOTORS SITE IN ADRIAN, MICHlCAN 

The decontamination of the GM site was conducted in a manner that reduced expenditures and 
minimized waste volume while expediting the remedial action. The volume and waste streams that were 

produced at the GM site are listed in Table B-l. None of the excavated material was used as fill material; 

all of it was disposed of as low-level-radioactive waste (LLRW). The quantity of waste material was 

minimized by using a Pipe Explorer TM during pipe surveys and obtaining a local water treatment and 

processing company for the accumulated water instead of adding an absorbent material and increasing the 
volume to be shipped as LLRW for disposal. 

Use of the Science and Engineering Associates, Inc. (SEA) Pipe Explorer’” significantly minimized 

waste by reducing investigation-derived waste (including personal protective equipment and 

decontamination and other materials) and by reducing the volume generated to gain access to the piping 

systems by conventional methods (excavating to the pipe for surveys and removal). 

Use of the Pipe Explorer TM allowed for a hazard assessment encompassing the entire site (most 

uranium material was found within the piping systems), which significantly reduced the total volume 

removed from the site and the costs of the removal action. 
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TABL,E B-l 

REhIZDlAL ACTION SUhtk1ARY 

WBS j4J 

SITE Bridaeuort Brass Comoanv Special Metals 

OWNER General Motors Comoration 

SITE ADDRESS 1450 Beecher Street 
CITY, STATE Adrian, Michigan 

REMEDIATION AUTHORITY 

cl NEPAKERCLA 

0 SUPERFUND 

cl RCRA 

ctton at the General Motors Site 
in Adrian Michi 

TOTAL VOLUME 174 yd3 
To Remain In Situ 0 
Volume Reduction 0 
Net Disposal vd: I74 

Documentation Used: 
Waste shipping record, CCN 133298 

TYPE OF WASTE FOR NET~DISPOSAL: 

REGULATORY 

cl LLRW 

cl 11 (E)2 

0 MIXED 

cl CHEMICAL 

VOLUME 

174 vd3 

.- 

DISPOSAL SITE 

Clive. Utah 

PHYSICAL 

cl BUILDING RUBBLE 

cl SOIL 

tl LIQUID 
OTHER Solidified sludges and oil 

6,150 gal water 
174 yd3 

Environmental Waste Control 

TREATMENT TECHNOLOGIES APPLIED AT THE SITE: 
Macroencapsulation and stabilization. 

W141001.DOC (03/24/97) B-2 
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DOE/NRN/bC-9011 

VERIFICATION AND CERTIFICATION PROTOCOL 
FOR THE . 

OFFICE OF ENVIRONMENTAL RESTORATION 
FORMERLY UTILIZED SITES RMEDIAL ACTION PROGRAM 

DEcONTA~ATION AND %DNNIss~oNING PROGRAM 
(Revision 3, November, 1990) 

I. INTRODUCT!ON 

This protocol outlines the procedures for the verification and certif'icakion 
'- 

of remedial action projects performed under the Formerly Utilized Sites 
Remedial Action Program (FUSRAP) and projects performed under the 
Decontamination and Decommissioning (D&D) Program within the U.S. Department 
of Energy (DOE) Office of Environmental Restoration (EM). The ultimate goal 
of any remedial action or D&D action 'is to ensure that resulting radiological 
and chemical conditions at the site or facility are in compliance with 
established criteria, standards and/or guidelines and that the public and 
environment are protected. The procedures contained in this,protocol provide 
the means for DOE to ensure this goal is met.. 

The concepts of verification andcertification have been used by DOE for many 
year3 to allow release of facilities for use without radiological 
restrictions. The purpose of the certification process is to ensure that: L 

-0 final site or facility condit'ions meet the cleanup objectives 

0 specific data and information are collected and assembled to understand 
the actions t,aken and document the final conditions I 

0 the documentation is archived and made'available to the public 

The detail and specific requirements of the certification process are outlined 
in this protocol. The majority of the elements of the certification process 
are implemented by the responsi.ble DOE field office and its contractors, 
including collection of the post-cleanup data, preparation of documentation, 
and coordination with the U.S. Environmental Protection Agency, State and 
regional authorities. 'The DOE field office is responsible for the 
documentation of the certification effort and recommendation for 
certification; DOE Headquarters makes the final determination that 

.certification, is complete and that the site may be released from EM! ,. , 

An integral part of this certifi,cation process is the concept of verification. 
Verification is an independent evaluation of the final site or facility 
conditions to assure that the cleanup criteria, standards, and/or,guidelines 
are appropriately applied and met. The purpose of Independent verification is 
to validate the accuracy and completeness of field measurements and the 
credibility of the procedures followed, resulting in an independent assessment 
of resulting site conditions versus project plans and release criteria prior 
to project closeout. The Decontamination and Decommissioning Branches of the 
Eastern, Northwestern, and Southwestern Areas Programs Divisions and the Off- 



Site Remediation Branch of the fastern Area Programs Division are the DOE 
Headquarters (HQ) organizations within EM that implement and directly manage 

f the independent verification effort as part of the certification process for 
D&D and FUSRAP projects. While data collected during ,independent verification 
may be used to supplement the certification data, such data are not a 
substitute for complete certification data, which the DOE field office and its 
contractors must collect. 

All FUSRAP remedial action and D&D actions conducted by the EM organization 
are subject to independent verification. The size of the verification effort 
will vary from site to site and will typically involve document and procedure 
reviews, split sample analysis, and spot check surveys. A number of factors 
including type of cleanup, complexity of the operation and various site 
specific issues may be taken into consideration in determining the'scope and 
intensity of the verification activity for a specific site or facility. 

Because much of the data for both the verification and certification efforts 
is obtained before and during project.operations, it is essential Lhat the 
requirements be considered at the beginning of projects and that these 
requirements be integrated into the overall project schedule. This will 

. ensure timely completion of verification and certification documentation 
activities prior to project closeout. 

The following common terminology is used in this protocol to describe 
organizational responsibilities: ' . 

Administrative Record refers to the file which EPA requires for Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) actions taken 
under section 104 or 106.of CERCLA. It includes all documents that form the 
basis for the.selection of the response action. For Federal facilities the . 
lead agency (DOE, in this case) shall establish the administrative record. 
EPA may furnish documents which the federal agency shall place in the 
administrative record file to ensure that it is complete. The administrative 
record is properly archived for permanent retention as a public record. \ 

Certification refers to'the process that ensures that the resulting 
radiological and chemical, conditions at the remedial action or D&D site (or 
facility) are in compliance with established criteria, standards, and/or 
guidelines and that the public and environment is protected. 

Certification Docket refers to the documentation resulting from the 
certification process. This documentation is archived for permanent retention 
as a public record. . 

DOE Headquarters refers to the responsible program office residing in the ' 
appropriate divisjon and branch'within the EM organization, whi,ch,inthe case 
of FUSRAP is the Eastern Area Programs"Division, Off-Site Remediation Branch. ' 

., 

i 1 
These Welements art gmrrlly,referred to as the program offices for ckplicity. 
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Field Office refers to one of eight DOE Operations Offices or an element of a 
DOE Operations Office (area office, site office, or project office) 
responsible for management of site and/or project activities. In the case of 
FUSRAP, the responsible field office is the 0ak:Ridge Operations Office, 
Former Sites Restoration Division (successor to the Technical Services 
Division). 

Independent Verification Contractor (IVC) refers to a contractor managed by HQ 
responsible for validation of the cleanup and certification process activities 
conducted by the Remedial Action Contractor (RAC) and field office. 

Radiological dontractor refers to a contractor (or Bn element of the RAC) 
responsible for providing radiological (or chemical) survey support to the ' 
remedial action contractor collecting the data required to support operations . 
and certification.. 

Remedial Action .refers to all response actions (includi'ng interim actions) 
taken to effect cleanup at DOE sites.and their vicinity properties7 _ 

Remedial Action Contractor (RAC) refers specifically to' the contractor 
responsible for_conducting either the D&D operation or the remedial action, 
which in the case of FUSRAP is the Program Management Contractor; 

Validation refers to the review of laboratory data packages to determine . 
whether, and to what extent the reported analytical data conform with the 
objectives of the sampling QA/QC Plan. 

Verification refers to the independent assessment by DOE Headquarters that' 
site conditions following cleanup.by the RAC and field office meet approved 
project plans and release criteria. 

'3 



II. YFRIFICATION AND CERTIFICATION 

A. 6ENERAL 

The verification and,certification process is integrated with the overall 
remedial action or D&D process and begins in the early stages of the project. 
The verification and certification process begins with project data collection 
during the site characterization phase and proceeds through final closeout of 
the project. Successful completion of verification is required for completion 
of certification, which in turn allows project closeout. ,Although 
verification and certification activities begin priorto the start of physical, 
cleanup activities, the bulk of the verification and certification effort is 
conducted during and after the physical completion of remedial action or D&D 

.operation. 

While specific details may change from project to project, the generic steps 
of a remedial action or D&D project can be summarized as: 

The site identification and characterization phase consisting of 
actions taken to locate the site, to assemble background 
information and operations data, and to gather site information 
required to perform engineering studies and environmental analyses 
supporting selection of a course of action; 

The environmental and enqineerinq studies phase consisting of 
actions taken to assure compliance with environmental regulations, 
selection of the appropriate course of.action; completion of 
remedial designs, and project planning 'and procurement activities; 

The remedial action or decontamination and,decommissioning 
operations phase consisting of performance of'cleanup and required 
restoration activities according .to project plans; and 

The certification phase consisting of final project documentation 
and closeout activities resulting in the release of the site. 

This protocol emphasizes the project activities during and after the remedial 
action or D&D operations phase, when most verification and certification 
activities are performed. Attachments 1, and 2 are verification checklists for 
the field office and RAC, and the IVC, respectively. These checklists are 
intended to be used as general reminders of wheninteraction with the RAC or 
IVC is required. Certain project data and informationgenerated in each phase 
become subject to verification and a part of the final certification docket. 
Some examples of this information include: site designation'and authority . remedial action and D&D plans, environmental (NEPA, CERCLA) 
~~~:~$ation, excavation/decontamination control measurements, support,ive 
sampling and analysis (with chain-of-custody information), and post-remedial 
action or project completion reports, all of which are essential to provide a' 
record of cleanup activities and a source of data for the certification 
process. In the final certification phase, the essential data from all 
project phases,. along with the verification report, are collected and 
assembled into a certification docket by DOE field office personnel. 
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Figure 1 is a conceptual diagram of the certification process and its 
relationship to the remedial action phase. The three major activities related 
to certification are: 1) decontamination measurements, 2) independent 
verification, and 3) certification docket preparation; they are discussed in 
detail below. Section B describes the decontamination measurements 
activities, while Section C and Section D describe independent verification by 
DOE and by others, respectively. Section E provides a detailed description of 
the certification docket preparation process. 

An understanding of the relationships in Figure 1 between these three major ' 
activities is important. The excavation/decontamination activities associated 
with remedial action must be supported by decontamination measurements to 
gauge completeness and control. This information becomes available for 
independent verification, and in summary fashion is an important component 'of 
the certification docket, since it documents project completeness. In 
addition, Figure 1 illustrates that the independent verification activity is a 
subset of the certification process, and that information from verification 
activities provides feedback to the remedial action activity. .- 

B. REMEDIAL ACTION MEASUREMENTS~SUPPORTING CERTIFICATION . 

Following completion of the environmental and engineering studies phase, the 
remedial action or D&D project operations are initiated and conducted by the 
RN, i.e., excavation, decontamination, stabilization and disposal. The 
radiological contractor and/or RAC supports these,operations by performing 
excavation/decontamination control measurements, sampling, and analysis. This 
process is documented through field logs, analysis records, and chain-of- 
custody documentation. Reports shall be generated to summarize radiological 
and chemical contaminant conditions and cleanup progress or completion. This 
information becomes a part of the certification docket (and as applicable, the 
administrative record). An administrative record is required for all remedial 
action projects conducted under the CERCLA process in addition to a 
certification docket. The administrative record.provides legal documentation . 
of the response action selected. The certification docket documents the 
completion of the.response action and is used to obtain approval, as 
necessary, for project closeout or delisting. The administrative record is 
complete when all the documents that form the basis for the selection of the 
response action have been compil.ed. The activities, related to the,' 
certification docket, culminate in preparation of the post-remedial action 
report. This portion of certification is performed by the RAC and 
radiological contractor under the direction of the DOE field office. 

Excavation'/decontamination control measurements are used by RAC or 
radiological contractor field personnel to guide the remed,isl action or D&D'. 
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 (or operable unit) of a remedial action the 
on-site, contractor will take representative samples for analysis. If these 
analyses confirm that the remedial action criteria have been achieved, final . 
closeout of site operations can proceed, upon agreement by the NC. The IVC 
may schedule a site visit to take independent samples or arrange for split 
samples from the radiological contractor and/or RAC. If the samples indicate 
that additional actions are required, the remedial action contractor will be 
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informed of the requirements and will take appropriate action. Finally, if 
actions involve the release of materials .or salvageable equipment off-site, or 
the disposal of contaminated materials off-site, the radiological contractor 
or RAC must develop and implement procedures to ensure that only acceptable 
materi al is released from the site in accordance with DOE Orders, all 
applicable or relevant and appropriate requirements (ARARs), and site 
operating procedures. 

A representative,number of the remedial action soil samples are sent to a 
central laboratory for final sample confirmation by the RAC or radiological 
contractor. The results of these analyses will be compared with the field 
data to ensure compliance with:the.remedial action criteria. Compliance with 
criteria for decontamination and release of equipment, structures or buildings 
is demonstrated by field measurements including wipe samples of surfaces, 
beta/gamma measurements and other appropriate measurements. Surface 
contamination and beta/gamma measurements will be taken to ensure compliance' 
with the DOE and EPA guidelines or standards referenced therein. As 
appropriate, representative samples will be taken from the air, wat,er, and 
residue samples that were analyzed in the field and used to support the 
confirmation of the site's condition. Again, as appropriate, samples are sent 
to a central laboratory for confirmatory analyses. It is important that all 
analytical data are validated to determine the quality and usefulness of the 
data. All analytical efforts should include specific quality assurance and 
quality control requirements, which should set forth acceptance criteria for 
final data. The quality control results are reviewed by independent 
laboratory chemists and/or statisticians to ensure'that the data are of 
accqptable quality. 

These activities will also include.the review of radiological'data by 
appropriate organizations within the DOE field office'and the review of 
chemical contamination data,by EPA regional personnel for National Priorities 
List (NPL) sites. The results of the RAC or radiological contractor surveys 
and confirmatory analyses shall be documented and included, as part,of the 
post-remedial action or final project report. Drafts of these reports shall j 
be provided to the DOE field office, the IVC, and the HQ program office for 
review within 3 months of completion of the remedial action. The final report 
is published about one month following receipt of comments, presuming DOE and 
IVC comments and issues are resolved within a 3-week period. The final report 
is distributed to DOE and, as appropriate, to Federal, State, and local 
agencies. Distribution to other parties and the general public is made with 
issuance of the Certification Docket, when appropriate. 

If chemical contamination is present, and the site is remedied pursuant to 
CERCLA, the post-remedial action report should contain the documentation 

. necessary to,support deletion 'of the site from the Ndtionaq Priorities List. 
(NPL). In such instances the report should contain, at a minimum: 

1) a brief description of outstanding construction items from the 
prefinal inspection and an indication that the items were'resolved, 

21 a synopsis of the work defined in the Statement of Work for the 
project and certification that this work was performed, 
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3) an explanation of any modifications to the work in the Statement of 
Work and a discussion of why these were necessary for the project, 

4) certification that the remedy is operationa? and functional, and 

5) documentationnecessary to support deletion of the site from the NPL. 

C. INDEPENDENT VERIFICATION ,BY DOE 

All independent verification activities will be managed by the HQ program 
office. An IVC will be,assigned by HQ early in the project planni,ng phase to 
conduct any required independent measurements, sampling and analyses, and to 
review remedial action plans and procedures and other documents concerning the 
establishment of cleanup limits and the application of ALARA and Applicable or 
Relevant and Appropriate Requirements (ARARs).as required by DOE guidelines 
and DOE Orders. 

Figure 2 is a general flow chart of activities within the certification 
process, showing the principal activities with emphasis on the certification 
phase of the project. The bottom sow of blocks:in Figure 2 represents the 
activities associated with the independent verification contractor. 

The first block in the bottom row of Figure 2 represents all IVC .activities 
during the characterization and planning phases. Initially, the independent 
verification contractor reviews relevant information from site 
characterization,, environmental compli,ance. reports, engineering, and project 
planning documents to ensure that the ,project release criteria (radiological 
as well as chemical) and specific procedures are adequate to demonstrate ' 
compliance with DOE requirements. It is extremely important that the IVC be . 
integrated into the e,arly planning stages of the project. Adequate early 
planning and close cooperation between the IVC and the RAC will ensure that . 
the verification process proceeds smoothly through project completion. The 
RAC will provide th!e IVC with copies of draft characterization reports, 
decommissioning plans, project plans, and site-specific residual 
radioactivity pathways analyses for review in parallel with HQ review. The 
IVC staff will utilize this information to develop a general understanding of 
the project and to review proposed site survey procedures, equipment, and 
project release criteria for land, structures and equipment. Comments on 
'these documents or procedures are provided directly to the project from the 
IVC for resolution prior to finalization of documents and subsequent 
initiation of remedial action activities. The RAC will provide the IVC with 
copies of these documents when final, incorporating IVC and DOE comments. . 

Remedial actions and D&D operations involve activities to cleanup or stabilize 
radioactively and chemically contaminated land and structures. Remedial 

' actions and D&D operations are conducted to ensure that no user of the site . . 

8 



: : 
q I Prjnclpal Certfflcatlon Actlvlty 

q - Vedficattm Actlvlty 

t-Moxlmum 6 Monlhs--d 
c 

i Months’ l- Moxlmum 12 Months ,+, gMyE$A 

I I I .I 

WE Rdrr 

-tT 
01 Rawdbl kuonmd mw4fs 

h) 
. 

sdwtk 

. . .ti 

Cmlfdb 

hpl- Rmd 

I”m+q ,. . +zgijg .’ r-i 
! 

FIGURE 2. General Flow Chart for Certification Process 

. . 



would receive radiation doses in excess of limits found in DOE Orders, e.g., 
DOE 5400.5 (Reference.l), DOE Guidelines (Reference Z), OSHA regulations 
(40 CFR 1910), and other criteria applicable to the project under CERCLA 
('0 ARARs). The criteria for cleanup of structuresand equipment differ 
f:oi*ihose used for the cleanup of land or soil. Criteria used in the 
decontamination of structures and equipment are primarily surface 
contamination guidelines and external gamma exposure limits. Maximum 
permissible concentrations of radionuclides in the air and radon daughter 
limits are also used. For open areas or vacant land, allowable soil 
concentration guidelines are used as remedial action criteria. Soil 
concentrations are derived on a site-specific basis using pathways analysis 
techniques, with the exception of radium'and thorium. As a resultof the 
differences in the types of criteria and guidelines applied to structures, $ 
equipment, and open land cleanup, the requirements for verification sampling 
and analyses vary, depending upon application. 

The level of verification required will be determined by the HQ program office 
with input from the WC, based on a review of project characterization and 
planning documents. Off-site or vicinity property remedial actions may be 
verified in groups where so recommended by the IVC and approved by DOE. These 
independent evaluations will further verify that there is adequate information 
to demonstrate that the remedial actfon was accomplished in accordance with 
standards and criteria appropriate for each site. The IVC is responsible for 
the scope of its field investigations and will prepare a generic plan or . 
document outlining the procedures to be used during verification activities. 
The plan is submitted to HQ for approval and the appropriate field office for 
information. Thereafter, the IVC provides the appropriate. field offices and 
the HQ program office,with a brief outline of site specific plans for each of 
the sites based on the review of the draft project planning documents. The 
outline will reference the generic plan and note.special concerns. The 
generic plan will describe the types of verification actions that ma'y be taken 
and the reasons for applying certain procedures to‘the specific site. The IVC, 
may conduct two types of verification procedures at a site or group of 
properties. 

Type A verifications will include review of remedial action plans, release 
criteria, procedures, final survey documentation and final project 
documentation, and if appropriate, will perform analysis of some split 
samples. 

Type B verifications will include on-site.visit(s) and survey(s) involving 
direct measurements and sampling and/or spl'it sample analyses, as necessary, 
in addition to review of plans, release criteria, procedures/final survey 
documentation and final project documentation. 

The primary purposes of both types of verifications are to confirm the " 
adequacy of the procedures and methods used by remedial action contractors and 
to verify the results of the remedial action activities. In the field,. the, 
IVC may increase or decrease the independent verification survey on the basis 
of field data. The IVC will provide the field office with a site-specific 
plan of activities that the RAC must consider when preparing the final project 
base1 ine schedules. 

With the initiation of remedial action or D&D operations, independent 
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verification activities continue as an integral part of remedial action (or 
D&D operations) and post-remedial action activities, utilizing much of the 
data collected for site certification. 

The IVC will prepare monthly reports for HQ and 'provide short trip reports 
'briefly documenting all field activities. These reports will indicate the 
areas investigated (total area covered by the remedial action and area covered 
by the verification) and any problems or concerns. All discrepancies will be 
identified along with field resolution of the problems. If these issues can 
not be resolved in-the field or by further coordination betwe'en the IVC and. . 
RAC, the trip report should identify the issue as one that requires DOE 
action. While the trip reports should be very brief, ,they 'should clearly 
indicate the frequency and magnitude,of discrepancy or anomalies so that DOE 
can determine if they are incidental or indicative of problems in the remedial 
action or D&D effort. 

Appendix I outlines the procedures used by the IVC for independent 
verification of remedial action activities and 'those procedures used for 
correction of any deficiencies identified during the verification process,. 
Field offices through their management function are responsible for assuring 
that the projects successfully integrate verification activities consistent 
with this protocol. 

During the operations phase of the project, the field office shall send copies 
of project quarterly or monthly progress reports to the IVC. These reports 
will indicate whether plans or schedules were changed that would affect the 
site conditions or the conduct of the verification surveys. The IVC will 
identify in the site specific plan areas that will be surveyed and will 
schedule site visits as .necessary prior to restoration of an area or following 
remedial action. The RAC will provide the IVC with at least, 72-hours notice 
prior to initiating the final phases of any remedial actions (e.g., startup of 
treatment systems, backfill of excavations, painting or restoration) of these 
selected areas. Open communication between the project staff and the IVC 
staff will avoid delays in remedial action due to such interim survey 
activities. 

,Upon completion of remedial action and field verification activities, the 
field office will provide copies of the draft post-remedial action report to 
the IVC for review in parallel with the HQ program office. The field office 
staff shall resolve all HQ and'IVC comments prior to issuing the final report. 

Within four months after the completion of a remedial action, the,IVC will 
issue a verification statement and provide copies to the HQ program office and 
the appropriate field office. In cases where vicinity properties were grouped 
and verifications were only completed onselected properties, the verification 
statement is 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, the field office will send an interim letter (notification of 
intent to certify) to each property owner of the site or sites, in cases 
involving vicinity properties. This action.is not required when the owner of 
the site is DOE. 

The results of the independent verification process are summarized by the IVC 
in a final report which is reviewed by the HQ program offfce and distributed 

11 



to the responsible field office, and, as appropriate, State and other Federal 
agencies. The IVC report is a part of the final certification docket. If 
actions involve the release of materials off-site, the IVC review and report 
will include an assessment of procedures and, if applicable, spot checks of 
material prior to release. This verifies that the procedures used by the RAC 
ensure that only acceptable material is released from the site. In addition 

'to the final report, representative samples from the remedial action survey 
and the verification survey will be prope,rly labeled, retained and archived 
for an appropriate period (see Appendix II). The samples are not discarded 
until such time as the final certification package for the site is completed, 
undergoes review, and radiological samples are archived following an 
appropriate period of availability locally and 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 RAC will make every effort to 
resolve scheduling conflicts that may arise 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 and the RAC. The appropriate 
field office and HQ program office sha,ll be notified, as.far in advance of the 
verification report as possible, of any scheduling or technical problems that 
cannot be resolved by the IVC and the RAC. Resolution of problems shall be 
expedited to insure that the remedial actions or.D&D operations are adequate 
and verification process is satisfied. 

If it is determined by the IVC there is inadequate or insufficient data to 
demonstrate that the remedia? action or D&D was'successfully completed or that 
the technical data and supporting information or procedures are not adequate 
to allow certification of site, such findings will be reported to the HQ 

'. program office immediately. The appropriate field office, with assistance 
from HQ .will review the problems and take.appropriate steps to have 
deficiencies corrected or resolve issues raised by the IVC. The 4 month 
maximum time period from completion of.remedial action to. notification of the 
owner by DOE is not, in effect in cases where adequacy of certification data is 
in question. The time limitation is back in effect once issues are resolved. 

D. INDEPENDENT VERIFICATION BY OTHERS 

Upon request made to DOE in advance of the initiation of remedial actions, 
certain Federal, State and Local agencies may be given the opportunity to 
perform independent measurements and analyses or to analyze split samples 
taken durin.g site characterization operations. These agencies may also be 
given the opportunity to review RAC or radiological contractor measurements, 
sample collection and preparation, and analytical procedures, and the 
resulting data. Other groups desiring to implement such actions may do so"by 
application through their State or local government. These verification 
activities are independent of the verification activities,managed by EM. If 
any conflicting results are found, DOE will work with the agencies to resolve 
the issues. 
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E. CERTIFICATION OF SITE CONDITIONS 

The certification of site conditions upon' completion of remedial action or D&D 
is a DOE responsibility shared by the HQ program office and responsible field 
office. The formal certification process. is initiated following an 
affirmative decision by DOE on the adequacy of the remedial action, 
represented by the decision block in the middle of Figure 2. The decision is 
based primarily upon data from the project presented in the post-remedial 
action and project completion reports, and results and recommendations from 
the verification process presented in IVC reports by DOE and other agencies. 
In practice, the decision making process is carried out in conjunction with 
the verification process and the initial phases of preparation of a draft 
certification docket. 

The conceptual time line chart (Figure 3) shows the interrelationships and 
sequence of actions to be completed during the certification process. 
However, no attempt has been made to establish specific time frames for 
completion of.actions identified in order to provide sufficient flexibility to 
accommodate the varied complexity of remedial action and D&D projects and the 
variation in responsiveness of other Federal, state and local agencies to the 
document review process. However, every effort should be made to expedite 
each ste,p in the process in order to respond to the needs of the owners, 
reduce the propensity for Ioss of records and reports and the expertise of 
individuals with direct knowledge of the process. 

The principal activities of the certification phase, shown by highlighted 
blocks following the .decision block in Figure 2, are: 1) preparation of the 
certification docket, 2) concurrent individual and public notifications, 3) 
the review process, 4) distribution of the final certification'docket, 
5) archiving of the docket (as appropriate) as a public record, and 6) if 
facility involved chem,ical contamination, entering the certification docket as 
part of the Administrative Record for the site. 

A draft certification docket is prepared by the responsible field office for 
each completed remedial action. The docket may be prepared by phase, if the 
remedial action is conducted in phases, and may include groups of vicinity 
properties as appropriate. However, in these cases, the docket should 
indicate the sites or actions completed and that they are only a part of the 
total action required. References to any previous dockets and schedules for 
future actions, if appropriate, are included. 
reports and narrative as indicated in Figure 4. 

A docket will include records, 

In parallel with preparation of the draft certification docket, the field 
office provides the property owner with interim notification of the DOE's 
intent to certify the remedial.,action within four months after completion o.f . the remedial action. . . . 
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FIGURE 4 - CERTIFICATiON DOCKET CONTENTS AND OUTLINE 

!’ A. Introduction to the Docket 

1. Purpose and Contents of the Docket 
2. Property Identification (general description and drawings for property 

being certified) 

B. Exhibit I - Summary of Activities at the Specific Site 

1. 

2; 
3. 

4. 

5. 

Site Hfstory (DOE use;, ownership history and use; and previous FUSRAP 
or D&D activities at site) 
Site Description (past and current) 
Radiological (and Chemical where appropriate) History-and Status 
(survey and monitoring information, and.criteria for determining need 
for remedial action or D&D) 
Selection of Remedial Action or Decommissioning'and Decontamination 
Activity (option selected; criteria for the action; cost-benefit 
and/or cost effectiveness analysis; and health effects evaluation, 
where appropriate) 
Summary of the decontamination (what was done; waste volume and waste 
types; disposition of equ,ipment and salvageable materials; costs; 
disposal; and occupation and public exposure~s) 

C. Exhibit II - Documents Supporting the Certification of the Site 

These include but are not limited to: . *' 

:: 
3. 

l: 

;: 
8. 

9. 

ii: 

Decontamination or Stabili,zation Criteria, 
Designation or Authoriration Documentation, . * 
Characterization Reports, 
NEPAICERCLA Documents, 
Agreements (with owner, State, and so forth) 
Post-Remedial Action Survey and Monitoring Report, 
Verification Report and Interim Verification Letter to the Owner, 
State, County, and Local Comments on Adequacy of Remedial Action (and 
others as appropriate), 
Recommended Restrictions and Actions Taken to Implement them, 
Federal Register Notice, and 
Approved Certification Statement. 

D. Exhibit III - Diagram and/or Figures or Tables Supporting the 
Certification . (. 

E. Other Relevant Documents * . . 
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The sequence of activities for assembly of the certification docket and sign- 
off is outlined below (note that the Federal Resister notice is not required 
for sites remaining under DOE'ownership): 

1. The field office transmits to the HQ program office kit'hin EM a draft 
certification docket, including a transmittal memorandum to the Director of 
the Office of Environmental Restoration (EM-40) from the appropriate EM 
Division Director recommending certification, the draft Federal Resister 
notice, and certification statement with appropriate signature block for the 
Director of the Office of Environmental Restoration; 

2. The HQ program office reviews. and revises the draft Federal Resister notice 
and draft certification statement. Comments on the certification docket are 
transmitted to the field office; * 

3, The HQ program office prepares a transmittal memorandum with appropriate 
concurrence block and sends the draft Federal Resister notice to the Office of 
General Counsel (GC-11) and Office of Organization and Management Systems (AD- 
122.2) for review and concurrence; 

4. The HQ program office resolves‘comments from GC-11 and AD-122.2 and revises 
the Federal Resister notice and certification statement accordingly. Comments 
are retained for later reference; 

5. The HQ program office transmits the,original and three copies of the ' 
Federal Resister notice and certification statement to EM-40 for signature. 

6. The Director of the Office of Environmental Restoration signs the original 
plus three duplicate copies of the Federal Resister notice and certification 
statement, and returns the originals and copies to the HQ program office. 

7. The HQ program office transmits the original and two signed duplicate 
copies, along with a copy of the concurrences by GC-12, and AD-122.2, to AD- 
122.2 through GC-12 for publication in the Federal Resister. The other signed 
duplicate copy of the notice and certification statement, along with the 
original concurrences by AD-122.2 and GC-11, are retained in the program 
files. A copy of the signed Federal Resister notice and certjfication 
statement‘is transmitted to the field office for inclusion in the final 
certification docket. 

8. The field office' inserts copies of the signed memorandum, the 
certification statement and the Federal Reoister notice into the certification 
docket, finalizes references to the date of certification by EM-40 as 
appropriate, and binds the docket. Relevant documents and documents 
referenced in: Exhibit II, of the bound docket are assembled. 

9. The field office makes distribution, as appropriate, to the administrative 
record,,to the local public document room, State, or other Federal agencies, 
as required, of the doi=ket and referenced published documents. Seven cop'ies 
of the bound docket, along with the referenced published documents are sent to 
the HQ program office for HQ distribution. 

Coordination with other federal, State or Local agencies regarding any 
required land record annotations or similar actions is the responsibility of 

16 



the field office. The land record may be used to establish a permanent record 

of the certification process and to record that either the radiological and/or 
chemical requirements have been achieved for release of the site, or that 
restrictions are required for access or continued use of the site. When use 
restrictions are required, the field office is responsible for insuring that a 
mechanism is in place to implement the restrictions. 

Upon completion of the docket, and publication of the Federal Reaister notice, 
five copies of the certification docket containing a complete historical 
review,of the remedial action, the certification statement, and the final 
project reports are transmitted to the DOE Public Document room at Washtngton, 
DC by the HQ program office for a suitable period of time before it is 
permanently archived. ' 
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APPENDIX I , . 

q Procedure for Indeoendent Verification of Remediald4ction/D&D 
and Correction of Discreoancies Identifie . 

JNTRCDUCTION-9 

Independent verifications will be carried out for remedial action (FUSRAP) and 
D&D sites and vicinity properties in order to provide additional assurance 
that the authorized limits for the remedial action have been achieved. The 
FUSRAP remedial action activities are managed by the DOE Oak Ridge Operations 
Former Sites Restoration Division (ORjFSRD). D&D activities are managed by 
DOE field offices assigned responsibilities for-separate sites and activities. 
On-site verification surveys are carried out for some vicinity properties, or 
properties where independent surveys'are requested by the owner, State or 
Local officials. The procedure for conducting and reporting the independent 
verification is described below. . w. 
INDEPENDENT VERIFICATION PROCEDURE 

The Independent Verification Contractor (IVC) will perfosm all or some of the 
following verification activities as described in the separate subsections 
that foil ow: 

Review of Remedial Action 
Site Visits 
Gamma Scanning and Discrete Measurements 
Other Direct Measurements 
Soil Samples 
Air and Water Samples 
Comparison of Results 
Corrective Action for Discrepancies 
Verification for Post-Remedial Action Report 

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, ifi some cases, an analysis of split 
samples. Where necessary to confirm results after the restoration, a visit to 
the site may be warranted. 

Type B verification will be'more thorough and may include all of the above 
verification activities depending on the site conditions and magnitude of the 
.action. The verification letter and report are prepared for both types of 
verifications. .i . . . . . . . 

Review of Remedial Action 

The remedial action contractor (RAC) will provide all site designation and 
characterization reports, remedial action plans, progress reports, and survey 
data pertaining to the specific site of interest to the IVC for review. These 
reviews will be conducted as part of Type A verifications, to plan the Type B 
verification surveys, and to determine whether the remedial action plans were 
changed during the course of remedial action in the manner which would affect 
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the site conditions or the conduct of the verification survey. Post-remedial 
action data is also provided to and reviewed by the IVC for both Type A and 
Type B verifications. The post-remedial action data will be provided to the 
IVC in a timely manner such that review.of the ,informa.tion is c,ompleted and 
the verification letter sent within 3 months of the completion of remedial 
action. 

Site Visits 

A visit will. be scheduled to's sel,ected vicinity property or site undergoing 
remedial action or D&D 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 construotion schedule. The IVC will notify the fieTd'office 
and/or the RAC of those vicinity properties and site areas which will be 
sampled or surveyed for verification prior to closure. The field office or 
the RAC, as appropriate, will notify the IVC at least 72-hours prior to 
initiating final closure activities at these selected sites.. Thenotice 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 interfering tiith theconstruction schedule 
providing at least a 72-hour advance notice is g'iven.' The IVC will prepare a 
brief trip report for,each site visit to summarize its findings and any issues 
or problems. The reports are submitted to the HQ program office. 

Gamma Scanniriq 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 is performed 
to the site characterization and remedial action survey grids and will be 
performed,in accordance with ORNL/TM-8600 (Reference 3), its equivalent, or 
other guidance approved by the DOE. The exposure rates are recorded on a map 
of the property or site area for comparison with the data taken by the 
remedial action contractor. This map is 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, are incorporated with previous project related surveys. 
These measurements and scans are performed in accordance with procedures in 
Reference 3, or its equivalent. For chemical contamination, wipe samples will 
be taken from contaminated equipment and structures, and direct field 
measurements will be taken as necessary to ensure the remedial action has 
achieved the desired results. The results are recorded on maps, drawings, or 
tables of the structures, equipment, or areas and compared to Criteria. 

Soil Samples *. 
. 

Typi'cally, about five verification soil samples are taken from a selected *: 
excavated vicinity property or site area on a systematic pattern:' The number 
may change according to the size of the vicinity property or site area and the 
nature and extent of contamination. The soil samples are generally obtained 
from the surface (O-15 cm. depth) or subsurface,(15-30 cm. depth and/or 
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subsequent 15 cm. layers) of the decontaminated area. These soil samples are 

: 
analyzed by the IVC for the radionuclides and chemical species specified in 
the project plan and will be compared with the authorized limits for the site. 
If no soil samples are taken for radiological te$ts from a property or area by 
the IVC, an independent analysis is performed by the IVC using selected soil 
samples taken from the RAC or radiological contractor's archive. The samples 
are selected and analyzed in' accordance with the procedures in Reference 3, 
its equivalent, or other guidance approved by DOE. 

Air and Water Samoles 

Representative'verification sampl,es of air or water are collected and analyzed 
when determined necessary through,reviews of the site data. A sufficient L 
number of samples are collected at discrete locations by the IVC to confirm 
the RAC results and verify compliance with the appropriate criteria. The 
samples are collected and analyzed in accordance with procedures in Reference 
3, its equivalent, or other guidance approved by DOE. 

L, 

Comparison of Results 

Procedures for comparison of IVC results to those of the RAC and/or 
radiological contractor should be presented in the IVC's project plan. In 
general, comparison of split samples is done on a sample to sample basis. The 
IVC and RAC or radiological contractor results should agree within the 
expected statistical deviations of the analysis methods used. IVC survey 
results (direct measurements, sampling and analysis) are compared to the 
remedial action contractor results on the basis of.the sampling and, analysis 

' consideration. All samples must be independently verified to conform with 
quality control requirements. Only those samples meeting quality control 
requirements may be used in the comparison of results, . 

Corrective Action for Discrepancies 

If the IVC verification survey or sample analyses show thdt any result is 
above authorized limits for the remedial action (a discrepancy), a corrective 
action to resolve this discrepancy is taken by the field office or the RAC. 
The IVC will notify the HQ program office and the appropriate field office of 
the discrepancy as soon as possible. The field office will make a 
determination on additional cleanup action required or wi.11 seek an exception 
as specified in the DOE Guidelines. The field office is responsible for 
implementation of further cleanup actions by the RAC. 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 RAC. Whether or not the discrepancy 
is resolved in the field, the IVC must report it in its trip reports for the . 
specific survey. 

Verification for Post-Remedial Action ReDort . 

After the completion of the post-remedial action activities (surveys, reviews, 
laboratory analyses, etc.), a verification letter and report are prepared by 
the IVC for each vicinity property ,or.'site. The authorized limits for the . 
site and the background levels of radiation are compared to the verification 
results. The. verification letter will address the comparative results of the 
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verification activities and include a statement of verification. The 
verification report will include the field and laboratory fnalyses results and 
any anomalies that were noted during the independent verification survey and 
any 'reverification survey. Appropriate tables and a 1 isting of results will 
be included as well as illustrations of the area surveyed; (i.e., soil sample 
locations and identifications, gamma levels, chemical contamination 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, is a finding of whether the data are 
sufficient to establish that the authorized limits for the remedial action 
were, met and a statement of any exceptions. 

Where data are available, the post-remedial action report may include, * 
(summarize) the findings of the verification report or, as ,appropriate, 
reference the verification report and/or letter. However, the, data collected 

'by the RAC should be sufficient to support certification on its own. . 
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APPENDIX II 

Verification and Certification Samole Maintenance 
and Archivincr Process 

All radiological samples collected by the remedial action contractor (RAC) and 
the independent verification contractor (IVC) for the purposes of verification 
and certification at 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 Resister notice of 
certification and the availability.of,the docket in the public document room, 
the certification]verification sample ardhi va-l process w'i'l‘l ‘be ‘s n'it'lated. Xt 
that time or thereafter, the IVC will assemble, log, and,archive a 
representative number (as defined below) of samples at least 500 g. per. .' 
sample, if possible) to be maintained by the IVC over a 5-year period. These 
samples will be held as evidence of the adequacy of the remedial action/D&D 
project and to backup the certification docket. All other samples must be 
disposed of (in an appropriate manner) by the contractors following the 
establishment of the sample archives for the particular site andLor vicinity 
properties. 

The majority of the archival samples are expected to be derived from the IVC 
collection of samples; however, the IVC will review their samples and those of 
the RAC and radiological contractor to determine if any of their samples 
should be consolidated into the archives. ; 

The IVC will provide the ,RAC with guidelines and specific directions regarding, 
sampies required for the archive from their inventory. The remedial action 
contractor is 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 is 
available in documents prepared or referenced,in the generic verification plan 
by the IVC. The IVC will assume the chain-of-custody for all samples 
relinquished by the RAC. 

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 are then archived by the IVC. The IVC 
may then take steps to approximately dispose of any excess samples and will 
notify the RAC'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 the,DOE 
program office and obtain approval prior to disposal of the archived samples. 

Samole Selection 
. 

The selection of samples for the .archives is 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 from 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 
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the area is of a similar nature, or the remedial actions were completed during 

I, L t sample construction period or season without any significant 
in erruptions. 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 sample'selection process and archived together. 

In general, samples will be selected out of the total sample population with 
the only restriction being that the samples should provide representative area 
cross section of the site or properties being certified. . 

For cases where some special c'ircumstances 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: 

0 Areas that had exceptionally'high concentration of radionuclides prior 
to remedial action; 

Areas that were the subject of some conflicts, question, 07 
discrepancies between DOE and other groups, incltiding owners, state 
agencies, other Federal agencies, or local groups; 

Areas at which the IVC and the radiological contractor data initially 
disagree or area where the independent verification survey identified 
discrepancies that had to be resolved; and 

Areas for which exception to the designated site crite,ria were . 
requested. 

The number 4F samples arcfiived is proportional to the area of the site. If, 
the area.of concern covered a large area (several hundred square meters) and 
was not uniform ih nature (varied isolated depths, varied concentrations and 
radionuclide make-up) extra samples would be represented.’ 
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Attachment 1 

ctm~m FOR FIELD OFFICE AND mc COORDINATION WITH IVC a 

Provide documentation of technical aspects of project to IVC for 
comment. Documentation includes but is not limited to the following: 

Decommissioning Plan 
-- Annual Environmental Monitoring Reports 
- Readiness Review Documentation . 
- Project Plan 
- Preliminary Assessment/Site Investigation 
-- Remedial Investigation 
- Feasibility Study 
-- Site Characterization Plans 
-- Site Release/Cleanup Criteria 

Risk Assessment 

Provide quarterly or monthly progress reports to the IVC. 

Provide IVC with at least 72 hour notice prior to closure of selected 
areas identified by IVC for site ,visits. 

Provide IVC with draft Poqt-Remedial Action Report. . 7 

. 

.i . . . . . 
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Attachment 2 

VERIFICATION CHECKLIST FOR IVC 

Review and provide comments to the DOE field office or the RAC on 
specific sections of planning documents covering the activities 
required for certification. Examples of such activities include 
pathways analyses, establishment of cleanup criteria, sampling 
techniques, and procedures for release of scrap equipment. The 
following documentation should be reviewed, as appropriate: 

Decommissioning Plans 
- Annual Environmental Monitoring Reports 
- Readiness Review Documentation 
- Project Plan 
-- Site Characterization Plans 0 
-- Site Release/Cleanup Criteria 

Prepare input into determination of type of verification required. 

Prepare a generic plan outlining procedures to be used for 
verification activities. 

Provide DOE-HQ, field office and RAC with a .brief outline for sitd- 
specific plans for each site based on draft project planning 
documents, noting specific concerns. 

Identify in a site-specific plan the areas that will be surveyed and 
schedule site visits. 

Prepare monthly reports for DOE-HQ. 

Provide DOE-HQ with brief trip reports documenting field activities. 

. 

Review and comment on draft PostiRemedial Action Report. . 
. ‘. 

Issue Verification Statement (if applicable).' 
. 

Issue Final Report. 
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ABSTRACT

This  report documents the results of a radiological verification survey of the former Bridgeport
Brass Special Metals Extrusion Plant in Adrian, Michigan. The survey was conducted in March
1995 by a team from the former Health Sciences Research Division of the Oak Ridge National
Laboratory (ORNL) in response to the Department of Energy’s (DOE) Environmental Restoration
Program requirements. These requirements dictate that independent verification (IV) of completed
cleanup work at DOE FUSRAP sites shall be performed and documented according to prescribed
procedures prior to certification of the property for release for unrestricted use. The objective of
verification activities is to certify that documentation of post-remedial action radiological
conditions on the property is adequate, and that the remedial action reduced contamination levels
to within authorized limits.

The survey included directly measured radiation levels and soil collection and analysis to
determine concentrations of uranium and certain other radionuclides, and to compare these data
to the  DOE guidelines.

The results of the independent verification survey of the property demonstrate that all
contaminated areas have been remediated to radionuclide concentrations and activity levels below
the applicable DOE guideline limits. Furthermore, from a visual examination of the site and a
review of the Project Management Contractor’s (PMC) radiological survey and post-remedial
action reports, it is concluded that the remediation activities at the former Bridgeport Brass site
satisfy the objectives of DOE’s FUSRAP program. 
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Results of the Independent Radiological Verification Survey of the Remedial Action
Performed at the Former Bridgeport Brass Company Facility, 

Adrian, Michigan (AD001V)

INTRODUCTION

This report documents the results of a radiological verification survey of the former Bridgeport Brass
Special Metals Extrusion Plant in Adrian, Michigan (Figs. 1 and 2).  The survey was conducted in March
1995 by a team from the former Health Sciences Research Division (HSRD), now the Life Sciences
Division, of the Oak Ridge National Laboratory (ORNL) in response to the Department of Energy’s
(DOE) Environmental Restoration Program requirements.  These requirements dictate that independent
verification (IV) of completed cleanup work at DOE FUSRAP sites shall be performed and documented
according to prescribed procedures prior to certification of the property for release for unrestricted use.1,

2  The objective of verification activities is to confirm that the remedial action reduced contamination
levels to within authorized limits.  As the designated Independent Verification Contractor (IVC) for this
site, ORNL’s Measurement Applications and Development Group was assigned to validate the remedial
action and restoration activities conducted at the Adrian site by the Project Management Contractor
(PMC), Bechtel National, Incorporated (BNI). 

The former Bridgeport Brass Special Metals Extrusion Plant was operated in the 1950s under contract
to the Atomic Energy Commission (AEC) to extrude uranium metal for use in the fabrication of fuel for
the reactors at Hanford, Washington, and Savannah River, South Carolina.  Although no descriptive
records are available indicating the full nature of the operations at this site, it is known that the uranium
handled included depleted, natural, and up to 2.1% enriched.  At the completion of the extrusion
activities, equipment was dismantled and scrapped, and, with the exception of one large extrusion press
later shipped to and used in Ashtabula, Ohio, the disposition of the materials is unknown.  After a
period of ownership by Martin Marietta (early 1960s to 1974) the plant was sold to the General Motors
Company (GM), the current owner. 

There was no documentation of the radiological condition of the site from 1961 until 1976 when the
AEC’s successor organization, the Energy Research and Development Administration (ERDA),
mandated certification of the radiological condition of sites having previously handled radioactive
materials in order to determine the status of potential hazards.  A 1976 in-house survey demonstrated
residual uranium in numerous places that, when decontaminated, resulted in a total of 5 to 6 kg of
uranium in collected dust and dirt.  A 1977 confirmatory survey by a team from ORNL revealed that the
interior building areas had since been decontaminated to radiation levels less than the guidelines for
unrestricted use.  However, elevated concentrations of 238U were found in some areas below the floor
level, most notably in an underground sump.  A subsequent survey in 1979 demonstrated residual
uranium in concentrations higher than guidelines in additional sumps, service pits, and drains below
floor level.3  Although the amount of uranium found posed little health hazard if left undisturbed, the
interior contamination was sufficient to require cleanup action to bring the property into compliance with
current Federal guidelines (Table 1), thereby ensuring that the public and the environment are protected.

 A hazard assessment was prepared for this facility and conducted on the remaining components of the
discharge system and piping systems.  Because these areas were either filled in by GM after its purchase
of the building in 1974 or rendered inaccessible by placement of heavy machinery or switchgear,
attempts to gain normal access would be extremely expensive. 
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 When remedial action was completed in 1995 by BNI, all accessible residual radioactive material above
the current guidelines was removed, the underground sumps and manholes were backfilled with flowable
concrete or controlled low-strength material (CLSM), and all associated piping was plugged or filled.
Direct surface contamination measurements were used to verify the removal of the residual radioactive
material from the pipe chase areas to levels below the DOE guidelines.  Supplemental limits derived from
the hazard  assessment were applied to the remaining areas.

GUIDELINE DEVELOPMENT

A hazard assessment was prepared for the facility by Science Applications International Corp. (SAIC)
to determine whether any potential health risk was sufficient to justify the cost of removing the below-
ground contaminated areas and structures.4  Because residuals remaining at the GM site following
remediation are confined to enclosed areas, the usual methods for assessing doses from residual
radioactivity in soils following remedial actions were not applicable.  The assessment did not establish
a concentration limit that could be measured but, rather, relied on demonstrating that exposures to
workers would not be excessive [See 5400.5, IV.7.c (3)]. 

In order to justify the development of supplementary guidelines that would insure worker safety if the
radioactive residuals in drainlines and subfloor areas were not removed, several factors were considered.
It was assumed that the property was not likely to be zoned residential and that, therefore, residential
exposures to the remaining residuals was deemed unreasonable.  Analysis of the environmental mobility
of the residual uranium indicated that the residual uranium at the GM site is highly immobile and does
not pose a potential groundwater problem in the remote event of a system leak. Inspections performed
during the 1995 remediation indicated that the system is intact and that serious leakage into the soil
beneath the facility is improbable. 

The study projected that only workers could, at some time, be exposed, perhaps through maintenance
activities or large scale demolition or renovation operations.  The dose assessment included two 
scenarios: a non-routine maintenance worker and a future renovation worker.  Both scenarios were
based on reasonable and conservative exposure pathways. It was also necessary to use engineering
estimates of time required for the exposure activities in place of the standard U.S. Environmental
Protection Agency (EPA) default value of  250 days/yr.

To cause inhalation, ingestion, or direct gamma exposures, a worker would have to physically cut into
the filled or plugged drain lines, sumps, or manholes. Similarly, direct gamma exposures would be
possible only if the grout and concrete shielding were removed.  While some exposures may be possible,
these containment measures significantly reduce the potential for future exposures.  Nonetheless, the
assumption of release of the residual uranium from the concrete or grout was made for exposure point
concentrations for the extrusion pits and the former floor drains, as well as for filled drain lines,
manholes, and sumps.

An overestimate of actual average contamination conditions was used in exposure point concentration
calculations by using maximum measured concentrations of residuals.  The net effect of  the use of
multiple conservative assumptions is that the estimates of future dose are usually much higher than
what is really likely to occur.  In reality, the release of uranium is highly unlikely, and represents another
conservative assumption in the hazard assessment.  In addition, it is likely that respiratory protection
would be worn by a worker cutting through steel and concrete with a torch or  saw.

A non-destructive survey of the drainage system using the Pipe ExplorerTM  system developed by
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Science and Engineering Associates, Inc. (SEA) showed that most of the uranium material was found
within the piping system.  The hazard assessment performed by SAIC, which incorporated the
information from the SEA survey, found that a significant potential future risk would not result from
leaving the residual uranium in place.  Even if no containment measures were to be taken, projected
worst case  doses would  be  less  than  the  international  and  national  protection  guidelines  for  the
general  public (100 mrem/yr). 4,5,6  Indeed, the cost/benefit ratio for removing only the contaminated
drain lines was judged insufficient to justify such an action.  After a thorough review of the data by the
IVC, it was determined that supplemental limits, as described in Order DOE 5400.5, were warranted for
this site. 7

Under typical circumstances, the DOE maximum limit for uranium residuals is 15,000 dpm/100 cm2

(Table 1).  For this GM facility, DOE determined that it would be acceptable to decontaminate the
accessible contaminated areas and to fill the affected subsurface pipes, manholes, and sumps with grout
or controlled low-strength material to ground-level.  This method would result in  leaving the remaining
inaccessible contamination in place while rendering the possibility of human exposures unlikely.
Therefore, adoption of a specific surface activity guideline was unnecessary.

SCOPE OF THE SURVEY

The verification of this property was to include all affected subsurface areas both indoors and outdoors.
The ORNL team reviewed the PMC’s radiological survey reports to confirm cleanup of the majority of
the site.  However, the ORNL team took further radiological measurements over the surfaces of a 155-ft
section of the electrical pipe chase and its floor-level lids located north of the extrusion pit area (Fig. 3).
This indoor area of concern was soon to be completely obscured by the installation of a new system
by GM.  The shape of the pipe chase is generally rectangular.  It is 5.5-ft high and 3.5-ft wide and had
not been included in the SAIC hazard assessment because it was one of the areas considered
successfully decontaminated.

SURVEY METHODS

Descriptions of the typical methods and instrumentation providing guidance for this survey are given
in Procedures Manual for the ORNL Radiological Survey Activities (RASA) Program, ORNL/TM-8600,
April 1987, and in Measurement Applications and Development Group Guidelines, ORNL-6782, January
1995. 8,9

Using a Geiger-Mueller pancake detector, beta-gamma radiation levels were measured in counts per
minute (cpm) over surfaces inside the pipe chase and then converted to activity levels [disintegrations
per minute per 100 cm2  (dpm/100 cm2)]. 

An interview with a former GM employee had revealed that uranium-bearing materials may have been
disposed of in the southeast corner of the property in 1953.  That area was remediated and a soil sample
was collected by ORNL at that location to determine the success of the cleanup.  For purposes of
comparison, the sample was split between ORNL and BNI for subsequent analysis by the chosen
laboratory of each of the custodial institutions.
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SURVEY RESULTS

Current DOE guidelines for FUSRAP sites are summarized in Table 1; the derived site-specific guideline
for 238U is also listed .  Typical background radiation levels and radionuclide concentrations for the
Adrian, Michigan, area are presented in Table 2.  These data are provided for comparison with the
survey results presented in this report.  Background concentrations have not been subtracted from
radionuclide concentrations in soil.

Following the remediation, all beta-gamma activity levels measured on surfaces within the pipe chase
and the pipe chase lids were below the DOE guidelines for surface contamination (Table 1).

Analytical results for the soil sample showed 1.8 ± 0.40 pCi/g of 238U, a concentration slightly higher
than background levels for the area (Table 2) but less than typical derived DOE guideline values for
properties to be released for unrestricted use (Table 1).  Concentrations of 226Ra and 232Th were
0.90 ± 0.18 and 0.50 ± 0.25 pCi/g, respectively, which are values within the range of background values
found near Adrian.

CONCLUSIONS

The results of the independent verification survey of the property demonstrate that all readily accessible
contaminated areas have been remediated to radionuclide concentrations and activity levels below the
applicable guideline limits set by DOE. 

Although a significant amount of radioactive residuals remain in the sealed underground pipe system
of the former Bridgeport Brass property, the results of the independent verification survey demonstrate
that the supplementary DOE guidelines adopted specifically for this site appear to be met. Furthermore,
from a thorough review of the SAIC hazard assessment and the PMC’s post-remedial action report (Refs.
4 and 6), it can be concluded that DOE’s objectives for this property were achieved.
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Table 1. Applicable guidelines for protection against radiation
(Limits for uncontrolled areas)

Mode of exposure Exposure conditions Guideline value

Gamma radiation Indoor gamma level
   (above background)

20 FR/ha

Total residual surface
contaminationb

238U,235U, U-natural (alpha emitters)
and Beta-gamma emittersc

Fixed and removable
Average
Removable

15,000 dpm/100 cm2
5,000 dpm/100 cm2
1,000 dpm/100 cm2

Maximum dose rate in any 100-cm2 1.0 mrad/h

Concentrations in
soil

Maximum permissible
concentration of the following
radionuclides in soil above
background levels, averaged over
a 100-m2 

226Ra
232Th
230Th

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
concentrations

DOE guidelines for uranium are
derived on a site-specific basis.

Guidelines of 17.5–50 pCi/g
averaged over a 100 m2 have been
applied at various DOE sitesd

aThe 20 FR/h shall comply with the basic dose limit (100 mrem/yr) when an appropriate-use scenario
is considered.
bDOE surface contamination guidelines are consistent with NRC Guidelines for Decontamination at
Facilities and Equipment Prior to Release for Unrestricted Use or Termination of Licenses for By-
Product, Source, or Special Nuclear Material, May 1987.
cBeta-gamma emitters (radionuclides with decay modes other than alpha emission or spontaneous
fission) except 90Sr, 228Ra, 223Ra, 227Ac, 133I, 126I, 125I.
dK. R. Kleinhans, M. E. Murray, and    R. F. Carrier, Results of   the Independent Radiological
Verification Survey of the Remedial   Action Performed at the Former Alba Craft Laboratory Site,
Oxford, Ohio (OXO001), ORNL/TM-12968, Lockheed Martin Energy Research Corp., Oak Ridge
Natl. Lab., April 1996; J. W. Wagoner II,  Director, Division of Off-Site Programs, Office of Eastern
Area Programs, Office of Environmental Restoration, U.S. DOE, ?Uranium Guideline for the
Maywood, New Jersey Site,” memorandum to   L. K. Price, Director, Former Sites Restoration
Division Oak Ridge Operations, U.S. DOE, April 25, 1994.

Sources: Adapted from U. S. Department of Energy, Radiation Protection of the Public and the
Environment, DOE Order 5400.5, April 1990 and U.S. Department of Energy, Guidelines for Residual
Radioactive Material at FUSRAP and Remote SFMP Sites, Rev. 2, March 1987; and U. S.
Department of Energy Radiological Control Manual, DOE N5480.6 (DOE/EH-256T), June 1992.
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Table 2.  Background radiation levels and concentrations of selected 
radionuclides in soil samples taken near Adrian, Michigan

Average gamma exposure rate at 1m
above ground surface (FR/h)a

7.8

Concentration of radionuclides
            in soil (pCi/g dry wt)b

Range Average

238U 0.7   -   1.1 0.95

226Ra 1.2   -   2.0 1.5

232Th 0.4   -   0.8 .61

aResults of measurements taken at 1 location [C. L. Lindekin, K. R. Peterson, D. E. Jones, and
R. E. McMillen, ?Geographical Variations in Environmental Radiation Background in the United
States,” pp. 319-331 in Proceedings of the Second International Symposium on the Natural
Radiation Environment, CONF-720805-P-1 (1972)], and the mean of 23 locations [S. G. Levin, R. K.
Stoms, E. Kuerze, and W. Huskisson, ?Summary of Natural Environmental Gamma Radiation Using a
Calibrated Portable Scintillation Counter,” Radiol. Health Data Rep. 9  679-695 (1968)]  near Adrian,
Michigan.

bResults of analysis of soil samples obtained from  four locations near Adrian, Michigan.

Sources: F. F. Haywood, H. W. Dickson,  W. D. Cottrell,  W. H. Shinpaugh,  J. E. Burden, 
D. R. Stone, R. W. Doane, and W. A. Goldsmith, Radiological Survey of the Former Bridgeport
Brass Company Special Metals Extrusion Plant, Adrian, Michigan,  DOE/EV-0005/28, ORNL-5713,
Union Carbide Corp., Oak Ridge Natl. Lab., April 1982.   T. E. Myrick, B. A. Berven, and F. F.
Haymore, State Background Radiation Levels: Results of Measurements Taken During 1975-1979,
ORNL/TM-7349, Union Carbide Corporation, Oak Ridge National Laboratory, November 1981.
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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 
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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. 
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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. 

. 

A-18 



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. 

A-39 



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. 

A-45 



, 

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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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 



. i 
c 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0’ 

0 

0 

0 

ie;I-l”- -- -A 

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 
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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 
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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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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. 
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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. 

D-4 
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13.0 GUIDELINES FOR RESIDUAL RADIOACTIVITY 

To be developed for each si,te. Refer to Appendix C. 

-- 

D-5 
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Department bf Energy 

Oak Ridge Operations Office 
P.O. Box 2001 

Oak Ridge. Tennessee 37831- 8723 

August 23, 1995 

Mr. Kenneth Stange 
18870 Quaker Road 
Hudson, Michigan 49247 

Dear Mr. Stange: 

GENERAL MOTORS SITE - POST REMEDIAL ACTION RESULTS FOR EXTERIOR SOIL BEHIND 
PLANT AREA, ADRIAN, MICHIGAN 

The purpose of this letter isto .thank you for the assistance you provided to 
the Department of Energy (DOE), and to provide you with a summary of the 
cleanup activities performed as a result of your identification of the suspect 
area located behind the General Motors plant, Adrian, Michigan. 

Upon identification of the suspect area a radiological survey was conducted 
over the entire area using a Field Instrumen't for Detection of Low Energy 
Radiation. This walkover indicated a small area of radioactivity slightly 
above natural background levels. Soil samples were collected from this area 
and analyzed to determine the extent of contamination. 

The results from these analyses indicated that the area of contaminated soil 
was approximately three feet in diameter and a little more than one foot in 
depth. To ensure that the contamination was removed from this area, soil was 
excavated to a conservative depth of two feet and follow-up samples were 
collected to ensure the area was clean. The analytical data from the samples 
revealed that the area had been adequately remediated. in fact the uranium 
levels were several times lower than the state's standard of 35 picocuries per 
gram for total uranium. Following our cleanup action, Oak Ridge National 
Laboratory personnel reviewed the post remediatial action sample results and 
agreed that the area was clean. 

Again, on behalf of DOE's Formerly Utilized Sites Remedial Action Program 
staff I would like to thank you for giving up your time to identify this area 
of concern. and for your cooperation in 
assisted us with the completion of the c 7 

roviding valuable information that 

Motors site. 
ean-up activities at the General 

d 

0. Kopotic. Site Manager 
Sites Restoration Division 

cc: Roger Gaede. GMC 
David W. Minnaar, MDPH 

i 

/ 
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Oak Ridge Operations 
P.O. Box 2001 

Oak Ridge,Tennessee 37831-8723 

November 29, 1994 

Roger A. Gaede 
Senior Staff Engineer 
Inland Fisher Guide 
General Motors Corporation 
1450 East Beecher Street 
Adrian, Michigan 49221 

Dear Mr. Gaede: 

GENERAL MOTORS ADRIAN PLANT - PROPOSED CLEANUP STRATEGY 

The purpose of this letter is to outline the Department of Energy's (DOE) 
proposed cleanup strategy for the General Motors Adrian Plant. As we have 
previously discussed, the oil remaining in the collection system located 
beneath the former extrusion facility must be removed in order to investigate 
and remediate suspected contamination in the system, including the lateral 
collection lines. DOE is currently evaluating the appropriate regulatory 
classification of the oil and determining best available remediation options 
that are consistent with DOE guidelines and other applicable federal and state 
regulatory requirements. Concurrently with this effort DOE is developing 
plans for characterization and removal of suspected contaminated materials 
from the manholes, sumps, drains and lateral lines once the oil has been 
removed. 

Since DOE does not have a generic cleanupeguideline for uranium, uranium 
guidelines are derived on a site-specific basis to be,protective of the public 
and t;, e environment. DOE has established a derived concentration guide of 600 
pCi/L total uranium for discharges of liquid waste containing uranium from DOE 
facilities to surface waters. Additionally, the Nuclear Regulatory Commission 
(NRC) has established a concentration limit of 300 pCi/L for natural uranium 
in liquid effluent discharges to unrestricted areas (10 CFR ZO), and 3,000 
pCi/L natural uranium for discharges to sewers from licensed facilities. 
Although these guidelines refer specifically to discharges of water to 
waterways or sanitary sewers they will be used as a reference point for 
comparison purposes. In addition DOE is gathering data in an effort to 
establish an industry standard for concentration limits of uranium in oil. 

I have enclosed an analytical data summary and tables that presents the 
analytical results for oil, water, sediment/sludge and scale samples from the 
oil collection and storm water systems collected during August 1994 at the 
General Motors Adrian Plant. The highest concentration of uranium detected in 
the oil collection system was 307 pCi/L (collected from the 42inch sump), all 
other results were below 300 pCi/L. As you are aware, I have icforma?Q 
discussed the analytical results and possible remediation options with Mr. 
David Minnaar from the Michigan Department of Public Health (division of 
Radiological Health). 



t 23548 

Mr. Gaede 2 November 29, 1994 

Management of the oil as a clean oil may be possible under State of Michigan 
guidelines; in which case it would be DOE's position that GM be responsible 
for the disposition or beneficial recycling of the oils prior to or during the 
FUSRAP remediation effort. 

The current schedule for the proposed remediation calls for cleanup activities 
to begin in the first quarter 1995 and conclude during the summer. Please let 
me know if this schedule will unduly impact your plant operations during this 
time period. As we complete our remediation options analyses and finalize our 
remediation approach, I would be glad to meet with you to discuss our final 
plan. In addition to the analytical data summary and tables, I am enclosing 
copies of photographs taken during our previous visit. 

I am pleased to be initiating these cleanup measures at the General Motors 
Adrian Plant, and I am looking forward to working with you on the successful 
implementation of this project. If you have any questions, comments, or 
require further information, please call me at (615) 576-9441 

Enclosure 

~!p&Manager 
Former Sites Restoration Division 

. 

Eivid W. Minnaar Chief 
Licensing and Rhgistration Section 
Michigan Department of Public Health 

Michelle T. Fisher, Council 
General Motors Corporation 
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ANALYTICAL DATA SUMMARY 
OIL AND SEDIMENT SAMPLES 

GENERAL MOTORS ADRIAN PLANT 
ADRIAN, MICHIGAN 

Waste Oil Sample Results - Table 1 

Total uranium concentrations for the oil (liquid samples) ranged from 52 pCi/L 
to 307 pCi/L. The highest concentrations of total uran,ium in the oil were 
detected in samples from the 42 inch sump (307 pCi/L) and the SP-1 sump (270 
pCi/L) (Figure 2). While current standards do not specify acceptable uranium 
concentrations in oil, the U.S. Nuclear Regulatory Commission (NRC) has 
established concentration limits for radionuclides in liquid effluents under 
10 CFR 20; NRC has specified a limit of 300 pCi/L for natural uranium in 
liquid effluent discharges to unrestricted areas and 3,000 pCi/L for releases 
to sewers (wastewater treatment plants). 
for discharges of liquid wastes containing 

DOE's current guideline is 600 pCi/L 

from DOE facilities. 
natural uranium to surface waters 

For comparison purposes a sample was collected from the "new" virgin oil 
supply. 
sample 

Although it may be questionable how representative or comparable this 
is to the older oils present in the sumps (i.e., not of the same 

vintage used in Manhattan Engineer,District (MED) or Atomic Energy Commission 
(AEC) activities), and may not be of the same type of lubricating oils sampled 
from the sumps (e.g. age, origin, refining, industrial processes used in, 
etc.), the sample was collected to provide a reference data point to be used 
in supporting a 
of total uranium 

"background concentration" determination. The concentration 
in the virgin oil did not exceed the minimum detectable 

activity of 38 pCi/L for total uranium. 

Surface Water Sample Results - Table 2 

Surface water samples taken from the storm sewer system at the plant showed 
total uranium concentrations of 3.2 pCi/L and 0.66 pCi/L (Figure 1). t 

Sediment Sample Results - Table 3 

For sediment (oily sludge) samples, total uranium concentrations ranged from 
background levels to 476 pCi/g, detected in manhole M-l (Figure 2). Although 
the oil sample from the 42-inch sump contained the highest concentration of 
total uranium (307 pCi/L) compared to the other oil samples, the sediment 
sample from the sump showed a total uranium concentration of approximately 1 
PWg. 

Scale Sample Results - Table 4 

Total uranium in samples of scale scraped from the pipe chase, manhole, and 
sump walls ranged from 36 pCi/g (at manhole 15) to 3,186 pCi/g (at the 42-inch 
sump). These samples provide an indication that there is residual 
contamination in pipe scale that may exceed the DOE surface contamination 
release limits in some locations. 
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General Motors Adrian Plant, Adrian, Michigan, August 1994 

Radionuclide Control 42” SUMP 

b,-. - '..' ".I 

307b 

<MDA 

186 

NF+Z Limita 
(Virgin Oil) e 

Total U <MDA 

<MDA 32 <MDA 

U-235 <MDA 
I 

<MDA 

U-238 I <MDA 

1820 

Ra-226 

‘h-230 42 

MDA = Minimum Detectable Activity 
- = Not Analyzed 
a Limit for effluent discharge to unrcsbicted aueas from 10 CFR 20 Appendix B. Table 2. Column 2 
bBascd on sum of isotopic (U-234 + U-235+ U-238) results 

Table 2. Surface Water Sample Results (pCVL) 
General Motors Adrian Plant,Adrian, Michigan, 

August 1994 
B 

f 1 SS;PLE,STARONm3 

3.2 ) 0.66 Total U 



Table 3. Sediment Sample Results (pCi/g) 
General Motors Adrian Plant, Adrian, Michigan, August 1994 

SAMPLE STATION 

M-15 PC-l PC-2 SP-1 SP-2 42” SUMP Radionuclide 

Total U 1*3b I 171b 85 16 0.6b I 1.2b 476 

U-234 0.6 66 
I 

0.3 
I 

0.5 

U-235 0.03 6 0.02 <MDA 

0.7 99 0.3 0.6 

0.3 2.4 <MDA 

U-238 

0.02 0.03 ‘Ih-230 

I <MDA 
I I 

<MDA 
I 

1.1 

MDA = Minimum Detectable Activity 
- = Not Analyzed 
ahmit for effluent discharge to unrestricted arcas from 10 CFR 20 Appendix B. Table 2. Column 2 
bBascd on sum of isotopic (U-234 + U-235+ U-238) rcsult.s 

. 
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V’ 

film Boll B 

Time 

0957 

1013 

1030 

1038 

1100 

1101 

1106 

1109 

1110 

1114 

1122 

1129 

1139 

1140 

1145 -- 
1148 

1400 

1415 
-- 

1419 

1425 

1428 

1429 

1435 

Close-up of Sample pt. 14 

Manhole M-25 

H-15 - Manhole 

H-15 - Distant shot - Office/Stores in bac&round 

Photographs of pipechaso Inside Stores storqo Proa approxlmrttly 
20 ft. east of plpechaso bannlnq, 

Pipechase - 120 ft. east of sample pt, 4, approxlmstely 270 ft, 
east of pipechase beginnln& 

Pipechase - 390 ft. east of lpechalo bo Inning - 120 ft, east of 
last location - adjacent to R aintsnance ,hop - bolow stairs, F \ 
Storm Sewer Manhole - former sample pt, 2 - adjacant to Plant 
Engineering Office BulldIng, Notn: Storm towar manhole closest 
to building - othor manhols 1% for the plant lranltary sower 

Photograph of storm and 
right, adjacent to office 

Sanitary Sewer - 30 pt., - arst of Dyu Room Bulldlng. 

B was dootroyod by the photo-lab during the 
Tho following llrt documants ths photogrlphr 

Sanitary Sewer - Adjacent lo Storm Sewer II, 

Storm Sewer Iyl - At boglnnlng of ramp to Hazardous Wastcr and Drum 
Storage Bulldfng. 

Distant shot of Storm Sower Yl and SPnltrry Sawor . Ihlzerdous 
Waste and Empty Drum Storse Rulldlna In 

Manhole/Sumpurifica-)ion building, - .- J 
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ADDRESSEES 

External 
Roger A Gaede, P.E. 
Senior Staff Engineer 

% 
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DATE: JUL 2 3 1990. . 

. ’ _,_ Department of Energy 
. . . . 

1% &,‘L 27 /;I ye G2 - . 

REPLY TO 
ATTNOF: EM-42 . . : 

SUBJECT: Transfer of Sites to FUSRAP 

. . 
To: Donald C. Fulmer, EM-42 

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

The' Vicin ity Property cl.eanup at+ NFSS was managed under FUSRbP, but the 
NFSS site itself was managed under the Surplus Facilities Management 

Both activitie's were implemented in the field by the Program ( SFMP). 
Technical . - __._.. _~.. Services'Division of ORO. In-order to establish the management 
of NFSS in a single branch and under a single program at HQ, I propose 
that the former SFMP management responsibilities for NFSS be shifted to 
FUSRAP. 

: 

The NBL site in New Jersey cdntains a small quantity o!- radiologically 
contaminated soil similar to that associated with three FUS(AP sites in 
the State. FUSRAP is currently conducting a RI/FS-EIS for its New Jersey 
sites and folding NBL into this protess would promote an integrated EM' 
approach to resolving the technical, political and economic aspects o-f 
site cleanup and waste disposal. Another aspect of shifting NBL to FUSRAP 
is the transfer of site responsibility from CH to ORO. However, neither 
CH nor OR0 oppose i3e transfer since there are no'CH. activities at the 
site other than fhe routine site surveillance and maintenance which can 
easily be performed by ORO. 

. 
This is an ideal time.to make these internal changes for two reasons. 
First, the RI/FS-EIS is still In the eariy stages, and incorporation of 
the Kt3i site would be a relatively simple process. Second, FUS,MP has 
recently initiated its rebaselining effortand these changes can be 
incorporated and reflected in the resultant project plan revision. 
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Nur approval If you agree wfth .the changes outlined above, please signtfy yo 
by sf 

9 
njng In the space provided belou and returning this memorand&' to 

Ek 
f you need addit:onal information, please contact me (3-4716) or 
Uagoner of‘ my staff (3-4937). 

d &es 
cting Director 
ff-Site Branch 

Divlslon of Eastern Area Programs 
i Office of Environmental Restoration 

. 

;C'Adams, OR 
J. Hunze, CH ' 
J...Haugen, CH 
1. Price, OR-T2 . 

Approved: )-&JgC& , 

Date: 7+ Dd9D 
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IKIBJE~ Revised GuidelSnes for Residudl Radioactive Material at 
' FUSRAP and Remote SFW Sites 

S. Ahrends, OR 
Ta A. Kluk, DP-124 

k. Nelson, WSSPO 
J. Schreiber,, SSDPO 
C. Welty, EH-23 
J. Gilbert, AN1 
B. Berven, ORNL 
3. Berger, ORAU 

. C. Young, Aerospace . 
, 

Attached is a revised copy of the Department's Guidelines for residual 
radioactive material. This version of the,document has been revised to 
include conments from EH and to address the hot spot and supplemental . 
limit/exceptions procedures outlined during the July 1986 workshop and 
subsequent working group meetings. EH intends to include these guidelines 
i#,draft DOE Order 548O.xx, Radiation. Protection of the Public and 
Environment, which ;$ould be distributed within the next few weeks. 

A summary of the differences between this version of the guidelines and the 
previous version and the rationale for the changes are forthcoming. The 
procedures manual supporting this version of.the guidelines is presently 
being revised to address the changes and should be available in draft in 
'the next few months. Until it'is available, the procedures in the current 
version of the manual (dated September 30, 1985) will continue to be used 
along with supplemental,guidance provided in the revised hot spot guidance 
memo dttec December 2, 1986, memc from E. G. DeLaney to S. .Shrends ard the 
supplemental information provided in the report 'Derivation of Site 
Specific Soil Guidelines for Weldon Spring Vicinity Properties - U.S. Army 
Reserve Property," January 1986. 

Decommissioning Projects 
Office of Nuclear Energy 

Attachment 

. 

i:'Voigt, NE-20 
3. Baublitz, NE-20 
W. Murphie, NE-23 
G. Turi, NE-23 
3. Wagoner, NE-23 
A. Wallo, NE-23 



U.S. DEPARTHENT W EfJERGY GUIDELINES 

FOR RESIDUAt RAJJIOACTIVE MATERIAL AT 

FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM 

AND 

REMOTE SURPLUS FACIWTIES 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 (SFMP).* 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; for im~lementati;l, of the remedial 

action; and for certification of a FUSRAP site for release for 

unrestri.&d use are $iven in a separate document (U.S. Department of 

led* information on Energy 1986) and subsequent guidance. More detai 

applications ,of the guidelines presented herein, including procedures 

* A remote SFHP site is one that is excrss.to DOE programmatic neeas anG 
is located outside a major operating DOE research and development or 
production area. 
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for allowable levels for derlvlc$ :!te-spociflc guidelines of residuaj 

radioactive material from basic dose Jfmits, is contained in "A Elanual 

for Implementfng Residual Radioactive Material Guidelines" (U.S. 

Department of Energy 1987) referred to herein as the "supplement". 

"Residual radioactive material" is used in these guidelines to 

describe radioactive materials derived from operations or sites over 

which the Department of Energy has authority. Guidelines or guidance 

to limit the levels of radioactive material to protect the public and 

environment are provided for: (1) residual concentrations of 

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, 

1978). The basic dose limits are used for deriving guidelines for 

residua'l concentrations of radionuclides in soil material. Guidelines 

for residual concentrations of thorium and radium in soil, 

concentrations of airborne radon decay products, ailohable ind,\or 

external gamma radiation levels , and residuiil surface contamination 

concentrations are based on existing radiological protection StandardS 

or guidelines (U:.S. Environmental Protection Agency 1983; U.S. Nuclear 

Regulatory Commission 1982; and Departmental Orders). Derivea 

guidelines or limits based on the basic dose limits for those 

quantities are only used when the guidelines proviaea in the existing 

standards cited above are shown to be inappropriate. 

A "guideline" for residual radioactive material is a JeveJ of 

radioactivity or of the radioactive material that is acceptable if the 

use of the site is to be unrestricted. Guidelines for resi('uaJ 

radioactive material presented herein are of two kinds: (1) generic, 
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site-independent guidelInes taken from existing radiation protection 

standards, and (2) site-specific guidelfnes derived from basic dose limits 

usfng site-specfffc models and data. Generic guidelfne values are presentea 

in this document. Procedures and data for deriving site-specific guideline 

values are given in the siippiement. The basis for the guidelines is 

generally a presumed worst case plausible scenario for a site. 

An “Authorized Limit" *is a leve? 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 residua? 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'Linits 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.? 

at the time remedial action is completed. Restrictions and controls on use 

of the site must be esiab?ished and enforced if the site conditions exceed 

the approved limits, or if there is potent*:aJ to exceed the dose limit 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 low as reasonably achievable (ALARA). For sites to be releasea 

for unrestricted use, the intent is to reduce residual radioactive material 

to levels that are as far below Authorize0 Limits as reasonable considering 

technical, economic, and social factors. At sites 'zrhere the residual 

material is not reduced to levels that permit release for unrestricted use, 

ALARA policy is implemented by establishing controls to redu,:@ exposure to 

Jevels that are as low as reasonably achievable. Proceaures for 

implementing ALARA policy are discussed in the supplement. ALARA policies, 
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procedures,'and actions shall be documented and fifed as a permanent recora 

upon completion of remedial action at a site. 

B. BASIC DOSE LIMITS 

The basic dose limit for the annual radiation dose received by an 

individua.1 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 1978), plus dose from pe&trating 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 permissible 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 annua7 life time 

exposure to an individual from the subject residual radioactive material 

would be expected to be less than 100 mrem/year. Examples of such 

situations include conditions that might exist at a site scheduled for 

renlediation in the near future or a possible, but improbable, one-time 

scenaric that might occur Following remedial action.. These Jed?ls shouid 

represent doses that are as low as reasonably achievable for the site. 

Further, no annual,exposure should exceed 500 mrea. 

C. GUIDELINES FOR RESIDUAL RADIOACTIVE MATERIAL 

C.l Residual Radionuclides in Soil 

Residual concentrations of radionuclides in soil shall be specified as 

above-background concentrations averaged over an area of 700 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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sfte-specfffc data where avaflable. Procedur.zs for these derfvatfons are 

given in the supplement. 

If the average concentratfon in any surface or below surface area less 

than or equal to 25 sq meters exceeds the Authorfzed Limit or guideline by a 

factor of (Joo/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, evzry 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.Jines are provided, generic and derived; The generic 

guidelines for residuaJ 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 zllrface 

- 15 pCi/g, averaged over ?5-cm-thick layers of soil more than J5 

cti below the surface 

These guidelines take into account ingrowth of Ra-226 from Th-2X and of 

Ra-228 from Th-232, and assume secular equilibrium. If either Th-230 and 

Ra-226 or Th-232 ant Ra-2X are both present, not in secular equilibrium, 

the appropriate guideline is app'lied as a limit to the radionuclide with the 

higher concentration. If other mixtures of radionuclicies occur, the 

'concentrations of individual radionuclides shall be-reduced so that 1) the 

dose for the mixtures will not exceed the basic dose Jimit, or 2) the sum of 

the ratios of the soil concentration of.each radionuclide to the allowable 

limit for that radionucJide wilJ not exceed 'I ("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 radcii decay products' 

shaJ1 apply to existing occupied or habitable structures on private property 
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that are intendad for unrestricted use; structures that will be dentoffshed 

or burfeb are excluded, The applicable generfc gufdeJfne’(40 CFR J92) fs; 

In any occupfed or habftable buiidfng, the objective of remedfa’l action 

shaJJ 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 (incJuding*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 materials are not 

the cause. 

C.3 Ex~~~~~j~Gamnla Radiation 

The average level of gahlna radiation inside a building or habitable 

structure on a site to be reJeased for’unrestricted use shall not exceed.the 

background’level by more than 20 pR/h and shall comply with the basic dose 

‘limitwhen an approprfate use scenario is considered. This requireme,.t ,.. ,.‘.“.. . .’ 
shalJ not necess&iJy,‘apply to strktures,scheduJed for delilolition or to 

bu’ried foundations. External gamma radiation levels on open ‘lands shaJJ 

also comply with the basic dose limit considering an appropriate use 

,scenario for the area. 

C.4 Surface ContawinaLion 

The generic guideJines provided in the Table 1, Surface Contamination 

GuideJines are appJfcabJe to existing structures and equipment. These. 

guidelines are adapted from standards of the’U.S. Nuclear Regulatory 

* A working level (WL) is any conrbfnation of short-lived radon decay 
products in one liter of air that will result in the ultimate emission 
of 1.3 x JO5 IileV of potential alpha energy. 
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TABLE 1 SURFACE CONTAMINATION GUIDELINES 

Allowable Total Residual Surface, 

Contamination (dpm/lOO cm') " 

Radionuclides 2 Average 3, 4 Maximum 4, 5 Removable 4; 6. 

Transuranics, Ra-2::I, Ra-228, Th-230 
Th-228, Pa-231, AC-227, !-125, I-l.29 100 300 2b .- 

Th-Natural; Th-232, Sr-SO, Ra-223, 
Ra-224, U-232, I-126, I-131, I-133 1,coo 3,069 200 

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 75,000 B-Y 1,000 a-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, e fficiency, and geometric factors 
associated with the instrumentation. 

2 

3. 

4 

5 

6 

Where surface contamination by both alpha- and beta-gamma-emitting 
radionuclides exists, the limits established for alpha- and 
beta-gamma-emitting radionuclides 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 mra2/h and 1.0 mraa/h, respectively, at 1 cm. 

The na~imum.contamination level applies to an area of not more than 
700 cm . 

The amount of removable radioactive material per 100'cn2 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 3 is 
determined, the activity per unit area should be based on the 
actual area and the entire surface should be wiped. The numbers in 
this column are maximum amounts. 
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Commission (i982)* and will be applied in a manner that provfdes a level of 

protection consistent with the Commission's guidance. These limits apply to 

both, Interior and exterjor surfaws. They are not directly intended for use 

on structures to be demolished or buried, but, should be applied to 

equipment or buildinq components that are potentially salvageable or 

recoverable scrap. If a building is demolished, the guidelines in Section 

* C.1 are applicable to the resulting contpmination,in the ground. 

C.5 Residual Radionuclides in Air and Water 

Residual concentrations of radionuclides in air and water shall be 

controlled to levels required by DOE Environmental Protection Guiaance and 

Orders, specifically DOE Order 5480.1A and subsequent guidance. Other 

'Federal and/or state standards shall apply.when. they-are determined to be 

,appropriate. 

D. AUTHORIZED LIMITS FOR RESIDUAL RADIOACTIVE RATERIAL 

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 proceoures and 

guidance provided, or 2) where applicable generic guidelines are provided, 

be consistent with juc;~'guid?lines. The Authorizeu Limits for aach site ana 

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 guidelines are functionally equivalent to Section 4 - 
Decontamination for Release for Unrestrictea use of hRC Regulatory Guide 
1.86, but are applicable to Non-Reactor facilities. 
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shoutd also ba gfven to ensure that the lfmits comply with or proviae an 

equivalent level of protectfon as other appropriate limits and guidelines 

(i.e., state, or other Federal). Documentatfon supporting such a decision 
should be sjmflar to that required for supplemental limits and'exceptions 

. (,Sect.fon F), but should be generally more detailea because it covers an 

entire site. 
- : 

Remedial actions shall not be considered complete unless the residual 

radioactive materiaJ levels comply with the Authorized Limits. The only 

exception to this requirement will be for those special situations where the 

supplemental limits or exceptions are applicable and approved as specified 

in Section F. However, the use of suppJemen<al limits and exceptions should 

only be,considered if it is clearly demonstrated that it is not reasonable 

to detontaminate 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 FBRAP AND REPIOTE SFHP SITES 
I 

Residual radioactive material above the guidelines at FUSRAP ana remote 

SfbiP siLes must be r,;ar,dged in accordmce with applicable CDE Orjtrs. The 

DOE Order 5480.lA and subsequent guidance or super-ceding orders require 

compliance with applicable Federal, and state environmenta) protection 

standards. . 

The operational and control requirements specifies in the following DOE 

Orders shall apply to interim storage, interim management, and long-term 

management. 

a. 544O.lC, Implementation of the National Environmental Policy Act 

b. 5480.lA, 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:tributfon 

C. 5480.2, Hazardous and Raaioactive Mixed Waste Management 
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d. 

e. 

f. 

9s 

h. 
i. 

548'0.4, Environmental Protectfon, Safety, and Health Protection 
Standards . 

5482.1A, Envbonmental Safety, and Health Appraisal Program 

5483.1/\, Ckcupatfonal Safety and Health Program for 
Government-Owned Contractor-Operated Facflities 

5484.1, Environmental Protection, Safety, and Health Protection 
Information Reporting Requirements 

5000.3, Unusual Occurrence Reporting System 

5820.2, Radioactive Waste Management 

E.1 Interim Storage 

a. 

b. 

C. 

d. 

Control and stabilization features shall be designed to ensure, to 

the extent reasonably achievable, an effective life of 50 years 

and, in any case, at least 25 years. 

Above-background Rn-222 concentrations in the atmosphere above 

facility surfaces or openings shall not exceed: (1) 100 pCi/L at 
any given point, (2) an annual average concentration of 30 pCi/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). 

Concentrations of radionuclides in. the groundwater or quantities of 

residual radioactive materials shall not exceed existing Federal, 

or state standards. 

. 
Access to a site shall be controlled and misuse of onsite material 

contaminated by residual radioactive material shall be prevented 

through appropriate administrative controls and physical 

barriers-iactive 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 use. 
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E.2 Interim Management 

a. A site may be released under interim management when the resioual 

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 establish@d'to ensure that no member of the public 

shall receive a radiation dose exceeding the.basic dose limit. 

‘b. The administrative cohtrols, as approved by DOE, shall include 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 Federal, state, or local 

authorities shall be responsible for enforcing the administrative 

.controls. 

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/m2/s, ana (2) 

increase the annual averaye 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 eny potentially biocegradable 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 (E.3). 

d. Groundwater shall be protected in accordance with Appropriate . 

Departmental orders and Federal and state standards, as applicable 

to FUSRAP and remote SFkIP sites. 

e. Access.to a site shoujd be controlled and misuse of onsite material 

. contaminated by residual radioactive material should be prevented 

through, appropriate administrative controls and physical 

barriers--active and passive controls as described by the LJ S. 

Environmental Protection Agency (1983--p. 595). These controls 

should be designed to be effective to the extent reasonable for at 

'least 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. SUPPLEMENTAL LIlilITS AND EXCEPTIONS 

, 
If special site specific circumstances indicate that the guiaelines 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 r,;ay 

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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F3..&stiffcat?on for SuppJementaJ Limits and ExceptIons 
, 

Supplemental 1Imits and exceptions must be justified by the field office 

on a case 5y case basis using site specifjc data. Every effort should be 

made to minimize the use of the supplemental limits and exceptions. 

ExampJes of specific situations that warrant the use of supplemental 

standards and exceptions are: 

a. Where remedial actions wo'tiJd'?'po~e a cJear 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 a11 reasonable mitigative 

measures have been taken--would produce.enJironmentaJ 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 exc5.s of 

environmental harm is harm that is long-term, manifest, and grossly 

disproportionate to health 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 of the site 

identified and where more appropriate scenarios or assumptions 

indicate that other limits are appJicabJe or necessary for 

protection of the public and the environment. 

d, Where the cost of remediaJ actions for contaminated sofl is 

unreasonably high relative to long-term benefSts and where the 

residual radioactive materials do not pose a clear present or 

future risk after taking necessary control measures. The 

likelihood that buildings will be erected or that people will spend 

long periods of time at such a site should be considered in 

evaluating this risk. Remeaial actions will generally not be 

necessary where only mint. quantities of residual radioactive 
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” I. 

materials are involved or where residual rad'joactive materials 

occur in an inaccessibid location at which site-specific factors 

limit their hazard and from which they are costly or difficult to, 

remove, ExampJes are residual radioactive materials under 

hard-surface public roads and sidewalks, around public setter lines, 

or in fence-post foundations. A site-specific analysis must be 

provided to establish that it would not cause an individual to 

receive's radiation dose <n excess of the basic dose limits statea 

in Section B, and a statement specifying the residual radioactive 

material must be included in the appropriate state 'and local 

records. 

e. Where there is no feasible renediaJ action. . * 

. 
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G. SOURCES ' 

Ljm,it or Guideline 

Basic Dose Limits 

Source 

Dosimetry Model and Dose Limits International Commission on 
Radiological Protection (1977, 1978) 

Generic Guidelines for Residual Radioactivity 

Residual Concentrations of Radium 40 CFR 192 
and Thorium in Soil Material 

. Airborne Radon Decay Products 

External Gamma Radiation 

Surface Contamination 

40 CFR 192 

40 CFR 192 

Adapted from U.S. Nuclear Regulatory 
Commission (1982) 

Control of Radioactive Wastes and Residues 

Interim Storage DOE Order 5480.1A and.subsequent 
guidance 

Long-Term Management DOE Order 548O.lA and subsequent 
guidance; 40 CFR 192; DOE oraer 5820.2 
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CHAPTER IV 

RESIDUAL RADIOACTIVE MATERIAL 

1. PURPOSE. This chapter presents radiological protection requirements and guidelines for 
cleanup of residual radioactive material and management of the resulting ,wastes and 
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 shall 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 DOUCH 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 resulting 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 ievels, and residual surface 
contamination concentrations are based on existing radiological protection’ standards 
(40 CFR Part .I 92; 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 DOUCH-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. ALAPA Applications. The monitoring, cleanup, and control of residual radioactive 
material are subject to the ALARA policy of this Order. Applications of AlARA 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 (1 mSv) effective dose equivalent in a year, as specified in paragraph 
Il.la. 

GN-0190.DOC I-A-2 





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 Il.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 AIARA 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. 

(1) Hot Spots. If the average concentration in any surface or below-surface area less 
than or equal to 25 m*, 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 A5 cm below the 

surface. 

(3) lnqrowth 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 Decav 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-l 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 II-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 DOE/CH-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-l 29, Ra-226, 
AC-227, Ra-228, Th-228, Th-230, 
Pa-23 1 

Th-Natural, Sr-90, l-l 26, l-l 31, I-1 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 St--90 and others noted 
above.’ 

Allowable Total Residual Surface Contamination 

Averagp 
(dpm/lOO crn*)l 

Maximum% 

DCCCB\ B 
100* 300* 

1,000 3,000 

5,000 15,000 

5,000 15,000 

Removable% 

RESE4344xJ 
20* 

200 

1,000 

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. 

2 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 1.0 mrad/h, respectively, at 1 cm. 

s The maximum contamination level applies to an area of not more than 100 cm*. 

5 The amount of removable material per 100 cm*of surface area should be determined by wiping an area 
of that size with dry filter or soft absorbent paper, applying moderate pressure, and measuring the amount 
of radioactive material on the wiping with an appropriate instrument of known efficiency. When removable 
contamination on objects of surface area less than 100 cm* is determined, the activity per unit area should 
be based on the actual area and the entire surface should be wiped. 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 v&es arepresented in this order, FUSRAP uses the values shown based on “DOE 
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 5000.38, Occurrence Reporting and Processing of Operations 
Information 

(2) DOE 5440.1 E, National Environmental Policy Act Compliance 
Program 

(3) DOE 5486.4, 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. 
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(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 reascnable, an effective life of at least 25 
years. 

c. Interim Management. 

(1) 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 
approprlate; 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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(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 5820.2A, 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 exceptions 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 lV.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: 
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(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 58202A. 
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