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INTRODUCTION TO THE 
CERTIFICATION DOCKET FOR THE REMEDIAL ACTION 

PERFORMED AT THE MIDDLESEX MUNICIPAL LANDFILL IN 
MIDDLESEX, NEW JERSEY 

IN 1984 AND 1986 

Description of the Formerly Utilized Sites Remedial Action Proqram 
at Middlesex, New Jersey 

The U.S. Department of Energy (DOE), Office of Nuclear Energy, 
Office of Remedial Action and Waste Technology, Division of Facility 
and Site Decommissioning Projects (and/or the predecessor agency, 
offices, and divisions) has conducted a remedial action project at 
the Middlesex Municipal Landfill in Middlesex, New Jersey. The work 
is being administered by the Formerly Utilized Sites Remedial Action 
Program (FUSRAP) under the direction of the DOE Division of Facility 
and Site Decommissioning Projects.. The United States Government 
initiated FUSRAP in 1974 to identify, clean up, or otherwise control 
sites where residual radioactive material (exceeding current 
guidelines) remains from the early years of the nation's atomic 
energy program or from commercial operations causing conditions that 
Congress has mandated DOE to remedy (Ref. 1). The objectives of 
FUSRAP are to: 

0 Identify and assess sites formerly utilized to support 
early Manhattan Engineer District/Atomic Energy Commission 
(MED/AEC) nuclear work to determine whether further 
decontamination and/or control is needed 

0 Decontaminate and/or apply controls to these sites to 
permit conformance with currently applicable guidelines 

.- 
0 Dispose of and/or stabilize all generated residues in a 

radiologically and environmentally acceptable manner 

0 Accomplish all work in accordance with appropriate 
landowner agreements: local and state environmental and 
land use requirements to the extent permitted by Federal 
law: and applicable DOE orders, regulations, standards, 
policies, and procedures 
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0 Certify, at the completion of remedial action, that the 
radiological conditions of sites comply with guidelines 
and are appropriate for future use. 

FUSRAP is currently being managed by the DOE Oak Ridge Operations 

Office (ORO). As the Project Management Contractor (PMC) for 

FUSRAP, Bechtel National, Inc. (BNI) is the DOE representative for 

planning, managing, and implementing FUSRAP. 

To support remedial action planning and define the locations and 
boundaries of contamination, DOE directed Oak Ridge National 

Laboratory (ORNL) to perform a radiological survey of the Middlesex 

Municipal Landfill 1978. This survey identified radioactively 

contaminated soil at the MML. 

DOE developed a remedial action plan to remove the contamination 

from the MML. Remedial action was performed at the MML in 1984 and 

in 1986. The contaminated soil was removed from the MML and is 
being stored temporarily at the Middlesex Sampling Plant (MSP). 

Executive Order 11991 empowered the Council on Environmental Quality 

(CEQ) to issue regulations to federal agencies for implementing 
those procedural provisions of the National Environmental Policy Act 

(NEPA) that are mandatory under law (Ref. 2). The CEQ issued the 
regulations containing guidance and specific requirements in June 

1979 (Ref. 3). The DOE guidelines for implementing the NEPA process 

and satisfying the CEQ regulations were made effective on 

March 28, 1980 (Ref. 4). 

The NEPA process requires FUSRAP decision-makers to identify and 
assess the environmental consequences of proposed actions prior to 

beginning remedial activities, developing disposal sites, or 

transporting and emplacing radioactive wastes. Documentation 

required by NEPA in support of remedial action is prepared by 
Argonne National Laboratory (ANL). Supporting documentation is 

provided by the FUSRAP PMC through the preparation of a series of 
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engineering studies and environmental reports to evaluate remedial 
action alternatives for the site under consideration. The action 
deemed appropriate by DOE based on the NEPA process evaluations is 
then implemented with consideration for public safety and in 
compliance with applicable federal, state, and local requirements. 

For the site discussed in this report, the NEPA requirements were 
satisfied by the preparation of an Action Description Memorandum, 
which led to issuance of a Memorandum to File (MTF) documenting 
that the project had no significant impact on the environment 
(Refs. 5, 6). 

Work performed under FUSRAP is governed by the provisions of the DOE 
quality assurance program plan for FUSRAP, which complies with DOE 
Order 5700.6 (Ref. 7). Work performed under FUSRAP by the PMC or by 
architect-engineers, construction and service subcontractors, and 
other project subcontractors is governed by the FUSRAP Quality 
Assurance Program Plan (Ref. 8). .Effectiveness of implementation is 
appraised by the BNI quality assurance organization, and by DOE-OR0 
on a regular basis. 

Remedial action was completed in 1986 at the properties identified 
in this docket. On April 7, 1989, DOE certified that the properties 
are in compliance with DOE decontamination criteria and standards 
developed to protect health, safety, and the environment. A Notice 
of Certification was published in the Federal Register on May 8, 
1989. 

Purpose 

The material in this docket consists of documents supporting the 
certification that the radiological conditions at the MML are in 
compliance with radiological guidelines and standards determined to 
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apply to the site and that use of these properties will not result 
in any measurable radiological hazard to the general public 
resulting from the activities of the Department of Energy 

predecessor agencies. 

The certification docket contains only the material deemed most 
pertinent to the certification of these properties; the 

comprehensive package of records is available and will be archived 
by DOE through the Assistant Secretary for Management and 

Administration after certification. Copies of this docket will be 
available for public review between 8:00 a.m. and 4:00 p.m., Monday 

through Friday (except Federal holidays) at the DOE Public Reading 
Room located in Room lE-190 of the Forrestal Building, 1000 

Independence Avenue S.W., Washington, D.C. The certification docket 

will also be available in the Public Document Room, U.S. Department 

of Energy, Oak Ridge Operations Office, Oak Ridge, Tennessee, and at 

the Middlesex Borough Library, Mountain Avenue, Middlesex, New 

Jersey. 

Property Identification 

The properties that were decontaminated as part of the remedial 
action and are collectively referred to as the Middlesex Municipal 

Landfill are listed below. These properties are identified in 
Figure 19 of Exhibit III to this docket. 

Parcel 1 located on 1190 Mountain Avenue, Borough of Middlesex, 

identified as Block 219, Lot 1 (owned by Middlesex Presbyterian 

Church). 

Parcel 2 located on Mountain Avenue, Borough of Middlesex, 
identified as Block 219, Lot 2 (owned by the Borough of Middlesex). 

Docket Contents 

Exhibit I is a summary of remedial action activities at the subject 
properties. It provides a brief history of the origin of the 
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contamination at the MML, and summarizes the radiological 
characterizations conducted, the remedial action performed, and 
post-remedial action/verification activities. 

The following documents contain the guidelines that determine the 
need for remedial action. The subject properties have been 
decontaminated to comply with these guidelines. The first document 
listed is included as Appendix A of Exhibit I; the second is 
included in Exhibit II (1). 

U.S. Department of Energy. "U.S. Department of Energy 
Guidelines for Residual Radioactivity at Formerly Utilized Sites 
Remedial Action Program and Remote Surplus Facilities Management 
Program Sites;' Rev. 2, March 1987. 

U.S. Department of Energy. Desiqn Criteria for Formerly 
Utilized Sites Remedial Action Proqram (FUSRAP) and Surplus 
Facilities Manaqement Program XSFMP), 14501-OO-DC-01, Rev. 2, 
Oak Ridge, TN, March 1986. 

The following documents authorized or designated the remedial action 
at the MML. A copy of each is included in Exhibit II (2). 

Memorandum, Thomas G. Frangos, Director, Office of Environmental 
Compliance and Overview, Environmental Technology Control 
Division, Department of Energy, EV-13, to S. Meyers, Department 
of Energy, NE-90. "Notification of Need for Some Form of 
Remedial Action - Middlesex Municipal Landfill Site, Middlesex, 
New Jersey," April 14, 1980. 

Memorandum, Stephen H. Greenleigh, Office of the General 
Counsel, Department of Energy, to Bill Snyder. "Legal Opinion - 
Authority to Decontaminate the Middlesex Municipal Landfill 
Site, Middlesex, New Jersey," May 30, 1980. 
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The following document describes radiological conditions at the 
subject properties before remedial action. It is referenced in 
Exhibit II (3) of this docket. 

Oak Ridge National Laboratory. Radiological Survey of the 
Middlesex Municipal Landfill Site, Middlesex, New Jersey, 
DOE/EV-0005/20, Oak Ridge, TN, April 1980. 

r- 

- 

.- 

The documents listed below were prepared to fulfill the National 

Environmental Policy Act (NEPA) requirements for the subject 

properties. These documents are included in Exhibit II (4). 

Argonne National Laboratory. Action Description Memorandum, 

Proposed 1984 Remedial Actions at Middlesex, New Jersey, 

Argonne, IL, April 27, 1984. 

Memorandum, Franklin E. Coffman, Office of Terminal Waste 

Disposal and Remedial Action, Office of Nuclear Energy, 

Department of Energy, to File. “Action Description Memorandum 

(ADM) Review: Proposed 1984 Remedial Actions at Middlesex, New 

Jersey,” September 7, 1984. 

Exhibit II (5) includes the access agreements signed by the property 
owners and DOE before remedial action was initiated. The affected 

property owners are listed below. 

Middlesex Presbyterian Church 

Borough of Middlesex 

- 

The following report describes the extent of the remedial action and 

documents the successful decontamination of the two subject 

properties. This report is referenced in Exhibit II (6). In 

addition, Figures 1-18 in Exhibit III to this docket show the 

progression and extent of remedial action. 
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Bechtel National, Inc. Post-Remedial Action Report for the 
Middlesex Municipal Landfill Site, Middlesex, New Jersey, 
DOE/OR/20722-135, Oak Ridge, TN, February 1987. 

The following documents document the successful decontamination 

of the subject properties. Both documents are included in 
Exhibit II (7) to this docket. 

Letter, J .D. Berger, Oak Ridge Associated Universities, to 
J.J. Fiore, Director, Division of Facility and Site 
Decommissioning, Office of Nuclear Energy, Department of Energy 

Headquarters. “Verification of Remedial Actions at the MML,” 

March 16, 1987. 

Oak Ridge Associated Universities. Verification of Remedial 

Action, Middlesex Municipal Landfill, Middlesex, New Jersey, 

Oak Ridge, Tennessee, September 1987. 

Before remedial action was conducted, a Memorandum of Understanding 

between the Borough of Middlesex, NJDEP, and DOE was agreed to and 

signed. Copies of this document and the letters transmitting it to 

the Borough of Middlesex and NJDEP are included in Exhibit II (8) of 

the docket. In addition, during remedial action activities, DOE and 

its contractors worked closely with NJDEP representatives. 

Following the completion of remedial action, a copy of the 

post-remedial action report was transmitted to the Borough of 

Middlesex and to NJDEP. A copy of the transmittal letter is 

included in Exhibit II (8). 

The information in Exhibit II (9) states that following the 
completion of remedial action at the Middlesex Municipal Landfill 

under the auspices of FUSRAP and verification that the properties 
were successfully decontaminated, DOE has not imposed any 

restrictions on the use of the properties. 
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The Federal Register Notice informs the public of DOE’s intent 

to certify that the subject properties are in compliance with 
applicable criteria and guidelines. The text of the Federal 
Register Notice is included in Exhibit II (10). 

Baublitz, J.E. Acting Director, Office of Remedial Action and 
Waste Technology, Office of Nuclear Energy, Department of 
Energy Headquarters. Federal Register Notice: “Department of 
Energy, Office of Nuclear Energy, “Certification of the 

Radiological Condition of Middlesex Municipal Landfill in 

Middlesex, New Jersey,” May 8, 1989. 

The documents listed below validate the final certification of the 

subject properties and are included in Exhibit II (11). 

Memorandum, J.J. Fiore, Director, Division of Facility and Site 
Decommissioning, Office of Nuclear Energy, Department of 

Energy, to J.E. Baublitz, Acting Director, Office of Remedial 

Action and Waste Technology, Office of Nuclear Energy, 
Department of Energy Headquarters. “Recommendation for 
Certification of Remedial Action at the Properties Comprising 

the Middlesex Municipal Landfill in Middlesex, New Jersey,” 

April 20, 1989. 

Bryan D. Walker, Acting Director, Technical Services Division, 
Oak Ridge Operations Office, Department of Energy, “Statement 
of Certification: Remedial Action at the Property Forming a 

Part of the Middlesex Municipal Landfill,** April 7, 1989 (one 
statement for each property). 

Cost data and waste volumes associated with the remedial action 

performed at the subject properties are included in Exhibit I of 

this docket. 
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1.0 INTRODUCTION 

Exhibit I summarizes the activities culminating in the certification 

that radiological conditions at the property discussed in this 

docket are in compliance with applicable guidelines and that use of 

the property will result in no radiological exposure above DOE 

criteria and standards established to protect members of the general 

public and occupants of the site. These activities were conducted 
under the Formerly Utilized Sites Remedial Action Program (FUSRAP) 

(Ref. 1). This summary includes a discussion of the remedial action 
process at this property: characterization of its radiological 
status, designation of the property as requiring remedial action, 
performance of the remedial action, and verification that the 

radioactivity has been removed. Further detail on each activity can 

be found in the referenced documents, most of which are included in 

the docket. 

The property addressed in this docket is the Middlesex Municipal 

Landfill (MML) in Middlesex, New Jersey. The location of the MML is 

shown in Figure l-l. The MML comprises two separate parcels, one of 

which is owned by the Borough of Middlesex, and one of which is 

owned by Middlesex Presbyterian Church. Figure l-2 shows the 
property respective property lines. 
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2.0 SITE HISTORY 

Although the MML and the Middlesex Sampling Plant (MSP) are two 

separate sites designated for remedial action under FUSRAP, their 

interrelationship dictates that the following brief history address 

both the MML and the MSP. 

The MED established the MSP in 1943 as a facility for the sampling, 
storage, and/or shipment of uranium, thorium, and beryllium ores. 
All ores received at the facility were subsequently packaged, 
weighed, and shipped to processing facilities (Ref. 9). 

In 1948, the AEC decided that the pitchblende (high-grade uranium 

ore) storage area at MSP should be paved. The area was graded 

smooth before it was covered with asphalt. The excess soil from the 

grading operation was transported to the MML. This soil, 
contaminated by previous ore spillage, was dispersed over 

approximately 5 acres of the MML and was used as fill or cover 
material for sanitary landfill operations (Ref. 9). 

In 1960, elevated gamma radiation levels were detected on this site 

by civil defense monitors during a local civil defense exercise. A 

radiological survey of the site was conducted at that time by the 

AK, and it was found that external gamma radiation levels over an 

area of approximately l/2 acre were 20 to 50 times the background 

levels found in the surrounding area. The elevated gamma radiation 
could be directly attributed to contamination in the soil 
transported from the MSP. After discussions with Borough of 
Middlesex officials, the AEC removed the portion of the contaminated 
material nearest to the surface (approximately 650 yd’ of 
material) and covered the area with about 2 ft of uncontaminated 

dirt. This action reportedly lowered the external gamma radiation 

levels to no more than 50 uR/h. The contaminated material was 

removed to the AEC New Brunswick Laboratory Site in New Brunswick, 

New Jersey. 
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In 1963, a parcel of approximately 5 acres of the landfill site was 
sold by the Borough of Middlesex to the Middlesex Presbyterian 

Church, and a church was subsequently constructed on that parcel. 
It was determined from discussions with local people that both the 
church and the Middlesex Municipal Building were constructed on 
“nonf ill** or solid ground. 

No further action was taken until 1974, when a radiological survey 

of the site was conducted by the AK. The fact that the church and 

municipal building were constructed on solid ground was confirmed. 

In 1978, a radiological survey of the site was conducted by Oak 

Ridge National Laboratory (ORNL) to provide additional data and to 

provide a basis for evaluating changes in site conditions over the 

4-year span since the AEC survey (Ref. 9). 

A portion of the ?JIML site is presently being used for can, bottle, 
and paper recycling operations. The site has not been used for 

solid waste disposal since 1974. .Prior to the remedial action 

conducted in 1984 and 1986, no decontamination of the site had taken 

place since 1961. 
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3.0 SITE DESCRIPTION 

The MML site is located in Middlesex County, New Jersey, 

approximately 16 mi southwest of Newark, New Jersey. The site, 

which lies within the municipal limits of the Borough of Middlesex, 

is east of Mountain Avenue, south of Monroe Street, and west of 

Bound Brook. The MML lies 0.5 mi north-northwest of the MSP. 

The radioactively contaminated portion of the site covered 
approximately 3 acres of a formerly active municipal landfill. 
Approximately two-thirds of the portion of the site that required 

remedial action is owned by the Borough of Middlesex; the remainder 
is owned by the Middlesex Presbyterian Church. The land around the 

site is primarily public and/or undeveloped. 
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4.0 RADIOLOGICAL HISTORY AND STATUS 

The radiological history presented below covers the period from 1979 

to the completion of remedial action. Details of the 1961 AEC 
decontamination activities are not addressed. 

4.1 RADIOLOGICAL CHARACTERIZATIONS 

The first indication that additional radioactive material was 

present at the MML came in 1974. At the request of the Division of 
Operational Safety, AEC Headquarters, a radiological survey of 
certain adjoining properties belonging to the Borough of Middlesex 

and the Middlesex Presbyterian Church was performed during the 

period of March 25 to April 4, 1974. Survey results confirmed the 
existence of a contaminated area lying between and bordering on two 

properties: the grounds of the Middlesex Presbyterian Church, and 
property owned by the Borough of Middlesex. An area of 
approximately 3 acres was found to contain subsurface deposits of 
radioactivity ranging from about 3 to 60 times naturally occurring 

gamma background levels. The deposits were found to exist at depths 
ranging from less than 1 ft to 18 ft. Analysis results indicated 

the presence of above-background concentrations of radium and 

uranium. The average concentration of radium over the 3-acre area 

was found to be approximately 11 pCi/g, with localized 
concentrations of up to 140 pCi/g (Ref. 9). 

In 1978, another radiological survey of the MML was conducted by 

ORNL to provide additional data and to provide a basis for 

evaluating changes in site conditions since 1974 (Ref. 9). 

4.2 REMEDIAL ACTION GUIDELINES 

The radioactive contamination on these properties consisted 

primarily of radium-226, with lesser amounts of uranium-238. A 

summary of DOE guidelines for the cleanup of residual contamination 
is contained in Table 4-l; the complete guidelines are provided in 
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TABLE 4-l 

Page 1 of 2 

SUMMARY OF RESIDUAL CONTAMINATION GUIDELINES AT MML 

BASIC DOSE LIMITS 

The basic limit for the annual radiation dose received by an individual member of the general public is 
100 mrem/yr. 

SOIL (LAND) GUIDELINES (IWXItUJM LIMITS) 

Radionuclide Soil Concentration (c&i/g) above backgrounda,b,c 

Radium-226 
Radium-228 
Thoriun-230 
Thorimn-232 

Other radionuclides 

STRUCTURE GUIDELINES (MAXIMUM LIMITS) 

Airborne Radon Decay Products 

5 pCi/g, averaged over the first 15 an of soil below 
the surface; 15 pCi/g when averaged over any 15-cm- 
thick soil layer below the surface layer. 

Soil guidelines will be calculated on a site-specific 
basis using the DOE manual developed for this use. 

Generic guidelines for concentrations of airborne radon decay products shall apply to existing occupied 
or habitable structures on private property that has no radiological restrictions on its use; 
structures that will be demolished or buried are excluded. The applicable generic guideline 
(40 CFR 192) is: In any occupied or habitable building, the objective of remedial action shall be, and 
reasonable effort shall be made to achieve, an annual average (or equivalent) radon decay product 
concentration (including background) not to exceed 0.02 WL.d In any case, the radon decay product 
concentration (including background) shall not exceed 0.03 WL. Remedial actions are not required in 
order to comply with this guideline when there is reasonable assurance that residual radioactive 
materials are not the cause. 

External Garrma Radiation 

The average level of ganma radiation inside a building or habitable structure on a site that has no 
radiological restrictions on its use shall not exceed the background level by more than 20 uR/h. 

Indoor/Outdoor Structure Surface Contamination 
Allowable Residual Surface Contaminatione 

(dpnV100 a& 

Radionuclidef Averageglh Maximunh,i Removableh,j 

Transuranics, Ra-226, Ra-228, Th-230, Th-228 
Pa-231, AC-227, I-125, I-129 

100 300 20 

Th-Natural, Th-232, Sr-90, Ra-223, Ra-224 
U-232, 1-126, I-131, I-133 

1,000 3,000 200 
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TABLE 4-l 

(continued) 

- 

Page 2 of 2 

Indoor/Outdoor Structure Surface Contamination (continued) 
Allowable Residual Surface Contaminatione 

(da/100 an21 

Radionuclidef Averagegph Maximumh,i Removableh,j 

U-Natural, U-235, U-238, and associated decay 
products 

5,000 a 15,000 a 1,000 a 

Beta-gamna emitters (radionuclides with decay 
modes other than alpha emission or spontaneous 
fission) except Sr-90 and others noted above 

5,000 I3 - y 15,000 I3 - y 1,000 I3 - y 

aThese guidelines take into account ingrowth of radium-226 from thorium-230 and of radium-228 from 
thorium-232, and assume secular equilibrium. If either thorium-230 and radium-226 or thorium-232 
and radium-228 are both present, not in secular equilibrium, the guidelines apply to the higher 
concentration. If other mixtures of radionuclides occur, the concentrations of individual 
radionuclides shall be reduced so that the dose for the mixtures will not exceed the basic dose 
limit. 

bThese guidelines represent allowable residual concentrations above background averaged across 
any 15-cm-thick layer to any depth and over any contiguous 100~12 surface area. 

cLocalized concentrations in excess of these limits are allowable provided that the average 
concentration over a lOO+$ area does not exceed these limits. 

dA working level (WL) is any combination of short-lived radon decay products in 1 liter of air that 
will result in the ultimate emission of 1.3 x 105 MeV of potential alpha energy. 

eAs used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive 
material as determined by correcting the counts per minute observed by an appropriate detector for 
background, efficiency, and geometric factors associated with the instrumentation. 

fWhere surface contamination by both alpha- and beta-gamna-emitting radionuclides exists, the limits 
established for alpha- and beta-gamna-emitting radionuclides should apply independently. 

gMeasurements of average contamination should not be averaged over more than 1 m2. For objects of 
less surface area, the average shall be derived for each such object. 

hThe average and maximum radiation levels associated with surface contamination resulting from 
beta-gamna emitters should not exceed 0.2 mrad/h and 1.0 mrad/h, respectively, at 1 cm. 

iThe maximum contamination level applies to an area of not more than 100 cm2. 

jThe amount of removable radioactive material per 100 cm2 of surface area should be determined by 
wiping that area with dry filter or soft absorbent paper, applying moderate pressure, and measuring the 
amount of radioactive material on the wipe with an appropriate instrument of known efficiency. When 
removable contamination on objects of surface area less than 100 cm2 is determined, the activity per 
unit area should be based on the actual area and the entire surface should be wiped. The numbers in 
this colmnn are maximum amounts. 
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Appendix A. DOE used the radium-226 limit listed in Table 4-1 to 
determine the need for remedial action at the MML. DOE implemented 
these guidelines on the basis of their compatibility with the 
criteria used by the Environmental Protection Agency (Ref. 10). The 
design criteria document for FUSRAP contains additional information 
regarding applicable federal regulations (Ref. 11). 

4.3 POST-REMEDIAL ACTION STATUS 

As shown in the post-remedial action report for the MML, there is no 

area where radioactive contamination exceeds DOE guidelines 

(Ref. 12). An independent review of the remedial action performed 
on the parcels discussed in this report has been conducted by an 
independent verification contractor (IVC), the Radiological Site 
Assessment Group of Oak Ridge Associated Universities. The purpose 
of its assessment was to verify the data supporting the adequacy of 
the remedial action performed by BNI and to confirm the site’s 

compliance with remedial action guidelines. 

Based on all data collected, these parcels conform to all applicable 
DOE radiological guidelines established for release of these 

properties for future use (Refs. 13, 14). 
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5.0 SUMMARY OF REMEDIAL ACTION 

The following subsections briefly describe the remedial action 
process and measures taken to protect the public and the environment. 

5.1 PRE-REMEDIAL ACTION ACTIVITIES 

Based on the radiological survey results, DOE “designated” the MML 
for remedial action: i.e., when radionuclide concentrations exceeded 
the guidelines listed in Table 4-1, contamination was to be removed 
from the property until the concentrations were within guideline 
values. 

Alternatives to the remedial action and methods for performing the 

remedial action were then considered. For the MML, five 

alternatives were evaluated (Ref. 5). 

One alternative was to take no act.ion. This would require continued 

restrictions regarding the use of the landfill. 

A second alternative was to release the landfill with no 

restrictions on its future use. This alternative would require 

extensive hydrological characterization of the landfill and a 

pathways analysis. 

A third alternative was minimal excavation. This would involve 

excavating materials found within the upper 4.5 ft of the landfill. 
A pathways analysis would be required for the material at depths 

greater than 4.5 ft to determine if the site could be released for 

future use. 

A fourth alternative was to stabilize the radioactive material in 
place. This would involve construction of a cutoff wall and cap to 
prevent infiltration of water into the material. 
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A fifth alternative was to excavate the contaminated soil and 

transport it, as well as any other contaminated materials, from the 

landfill. This alternative was chosen (Ref. 5). 

Prior to the start of remedial action, representatives of DOE 
and BNI met with the Middlesex mayor, health officer, and chief of 

police to discuss the work. Agreement was reached on transportation 
routes and relocation of the Borough’s recycling center, which was 
near the area to be excavated. 

DOE and BNI also met with the pastor of the Middlesex 

Presbyterian Church and the director of the church’s day-care 
center. Information was provided about safety measures to be taken 

during the remedial action, and DOE agreed to relocate the church’s 
playground away from the excavation area. 

Notification to the public was accomplished with an announcement 
by the mayor at a Borough Council meeting, which was reported in the 
Middlesex Chronicle on May 24, 1984. During the remedial action, 
BNI responded to media inquiries from the Middlesex Chronicle, the 

Bound Brook Chronicle, and the Bridaewater Courier News, all of 

which published articles about the project. 

In addition, before BNI performed the remedial action, an access 

agreement had to be obtained from each of the property owners 

authorizing entry to the property and granting permission to do the 
work. The agreement, designated a Memo Agreement, granted DOE and 

its contractors the right to perform the remedial action. It also 

stated the scope of work, DOE responsibilities, and the plan to 

restore the properties to an **as was** condition. Concurrently, BNI 

began engineering design work and related activities to hire local 

subcontractors to perform the cleanup work (Refs. 15, 16). 

5.2 DECONTAMINATION ACTIVITIES 

After the access agreements had been obtained, the design work 
completed, and a subcontract awarded, the local subcontractor began 
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work. Under the supervision of BNI, the subcontractor excavated the 

property based on drawings showing the extent of the contamination 
on each property. Soil was then removed as indicated in the 

drawings, deposited in dump trucks, and transported to an interim 

storage pile at the MSP. The MSP is an engineered storage facility 
developed to store the contaminated material from the MML until a 

permanent disposal site is selected. An environmental monitoring 

program is in effect for the facility; all potential release 
pathways from the facility are monitored. An environmental 
monitoring report is issued each year by DOE. Environmental 
monitoring results were reported for both MSP and MML prior to the 
1988 monitoring year: however, since environmental monitoring by DOE 
at the MML was discontinued at the end of calendar year 1987, 
environmental monitoring reports for 1988 and subsequent years will 

include only MSP. 

Remedial action at the MML was conducted in two phases, in 1984 and 

1986. Excavation of contaminated .soil from the landfill began 

during the summer of 1984, and by November of that year 

approximately 15,000 yd3 had been removed. Subsurface data 

gathered during the excavation showed the extent of contamination to 

be greater than that originally estimated. Excavation was halted in 

November 1984 and backfilling was completed. Excavation resumed in 

May 1986 and was completed in July of that year. The amount of 

material excavated during 1986 was approximately 16,000 yd3 
bringing the total amount of contaminated soil excavated from the 

landfill to approximately 31,000 yd3. In addition, during 1986 

backfilling of the landfill was completed, turf was established, and 

demobilization and general site cleanup were completed. 

Before the excavation began, the radioactively contaminated area was 

staked and separated into five 30-ft-wide strips. Incremental l-f t 

cuts (lifts) and side slopes of 2 horizontal:1 vertical were 
utilized for excavation of each strip. The 1-ft depth for the lifts 

-’ was deemed necessary as a safety precaution, and was determined to 
be a depth that was reasonable for pre-screening and monitoring of 
radioactive material prior to excavation. Each strip was 
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radiologically tested before each lift was excavated and was 
classified as either radioactively contaminated waste or 
radioactively clean soil. Augered holes were installed in the 
excavation area to release any landfill gases before excavation. At 

the end of each work day and when work was not in progress, the 

excavated areas were sprayed with a masking agent to control 

objectionable odors. 

During the cleanup, several procedures were implemented to control 
the radioactive materials being removed from the properties. These 
procedures were designed to minimize the exposure of workers and 

residents. 

The primary pathway by which residents could be exposed to radiation 

was from dust released during the excavation. To minimize this 
potential, the subcontractor was required to keep all excavations 
and work areas free from dust by keeping the soil moistened. Air 
sampling was performed at the perimeter of the excavation areas to 
demonstrate compliance with DOE and New Jersey Department of 

Environmental Protection (NJDEP’) standards for airborne 
radioactivity. These samples are collected by pulling large 

quantities of air through a filter. Airborne dust, which could 
potentially contain radioactive materials, was captured by the 

filter. The filters were then removed and analyzed for 

radioactivity. Because the amount of air drawn through the filter 

was known, the concentration of radioactivity in the air could be 

calculated. None of the measured radioactivity concentrations in 

air exceeded the applicable DOE guidelines and NJDEP standards. 

To keep uncontaminated areas clean during excavation work, trucks 
were draped with tarpaulins before they were filled. This prevented 

the contaminated dirt from getting on the truck exterior and later 

falling onto uncontaminated property. If trucks were to be loaded 
on an uncontaminated area, the ground was covered with a tarpaulin 
before the truck pulled onto it for loading. If contaminated soil - 
was spilled during the loading of the truck, this tarpaulin 
prevented the contamination of clean ground. Finally, all trucks 
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hauling radioactively contaminated soil were loaded only to about 

80 percent of their capacity and truck beds were covered before 
moving. This too prevented soil from falling or being blown out of 

the truck onto uncontaminated ground or roadways while being 
transported. 

After the trucks had dumped the contaminated soil at the MSP, they 
were decontaminated before being permitted on any public road. This 
procedure ensured that no contamination was brought back onto roads 

or to the MML; 

Using this combination of procedures, the spreading of contaminated 
materials was effectively controlled. 

5.3 POST-REMEDIAL ACTION SAMPLING 

After the soil containing the radioactive contaminants was removed, 

another radiological survey was conducted to ensure that the 

property was clean (no radionuclide concentrations in excess of DOE 

guidelines). This survey used the techniques outlined below. 

5.3.1 Surface Gamma Radiation Scans 

Two types of gamma radiation scans were conducted to determine 
whether all radioactively contaminated soil had been removed. The 
first was a “walkover*’ scan. In this type of survey, the technician 
holds an unshielded gamma scintillation radiation detector a few 

inches above the surface and moves it slowly from side to side as he 
walks over the excavated area. The purpose of a walkover scan is to 

quickly detect areas of residual contamination. The advantage of 

this type of survey is that the detector quickly scans the area as 

the excavation proceeds. 

The second gamma radiation scan was performed after all 
contamination detected by the walkover scan was removed. A 
lead-shielded gamma scintillation radiation detector was used for 
this survey to ensure that the only radiation detected was coming 
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from the ground under the detector. Measurements were made on each 
property at 7.5-ft intervals to ensure that the property had been 
cleaned of radioactively contaminated soil. 

5.3.2 Soil Sampling 

The primary method of ensuring compliance with DOE cleanup 

guidelines was to take soil samples. These samples were analyzed in 
a laboratory to determine the concentrations of radium-226, 

thorium-232, and uranium-238. 

5.3.3 Exposure Rate Measurements 

- 

Pressurized ionization chamber (PIC) readings were taken to measure 

the gamma radiation exposure rate after removal of the 

contamination. The PIC measurements were taken at various locations 

on the properties. 

Measured gamma radiation exposure rates were used to calculate 
annual doses assuming a conservative period of exposure at the point 
of measurement. A background radiation contribution of 100 mrem/yr 

was subtracted from the calculated dose. For comparison, the DOE 

radiation protection standard is 100 mrem/yr above the background 

level. None of the PIC readings exceeded this level. 

5.4 VERIFICATION ACTIVITIES 

The independent verification contractor (IVC) is responsible for 

preparing a generic plan outlining the procedures to be used during 

verification activities. The IVC conducted two types of 

verification reviews (Types A and B) for MML. Type A verification 

reviews included a review of the remedial action and radiological 

contractors’ data and the analysis of some samples. Type B 
verification reviews included an on-site visit and survey involving 
direct measurements and sampling. 
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In addition to the surveys that have been performed on behalf of DOE 

(see Subsection 4.3), measures were taken by NJDEP to monitor 
remedial action activities. During the 1984 and 1986 remedial 
action activities, NJDEP representatives made weekly visits to the 
sites. They observed construction procedures and techniques and 
compared them to previously published descriptions (Refs. 15, 16). 
DOE and its contractors worked closely with NJDEP representatives. 

Additionally, a copy of the post-remedial action report was 
transmitted to the NJDEP. 

5.5 PUBLIC AND OCCUPATIONAL EXPOSURES 

5.5.1 Public Exposure 

As shown in the post-remedial action report for the MML, the 
radiological exposure to the public following remedial action is 

less than 100 mrem/yr above the background level (Ref. 12). This is 
true for the total dose from all pathways. 

5.5.2 Occupational Exposure 

A health physics program was conducted during remedial action: it 

comprised control of contamination, management of occupational 

exposures, and radiological monitoring of construction. 

Exposure to External Gamma Radiation 

Eighty-six remedial action workers were monitored for external gamma 
exposure while remedial action was in progress at the MML. Of these 

workers, 73 (or 85 percent) exhibited no exposure at all; 13 persons 

(or approximately 15 percent) received exposures ranging from 9 to 

223 mrem/yr. Monitoring results are shown in Table 5-l. All 

exposures were below the DOE standard of 5000 mrem/yr. Even the 

highest annual dose (223 mrem/yr) was only 5 percent of the 
radiation protection standard. 
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TABLE 5-1 
MONITORING RESULTS FOR EXTERNAL 

GAMMA RADIATION AT THE MML 

Number of Number of 
Personnel Personnel Exposure Ranqe (mrem/yr) 
Monitored Exposed 1 - 50 50 - 100 100 - 223 

86 13 12 0 1 
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Internal Exposure 

During the remedial action at the MML, 435 bioanalyses were 

performed to monitor the potential exposure of personnel to the 

intake of airborne radionuclides such as radium-226, natural 

uranium, lead-210, and thorium-230. These results are summarized in 
Table 5-2. None of the samples indicated radionuclide 

concentrations that exceeded the minimum action level and would 

warrant re-sampling. Post-remedial action air particulate 
monitoring data are summarized in Table 5-3. 

5.6 COST 

The final subcontract bid item quantities and costs for the remedial 
action performed at the MML are given in Tables 5-4 and 5-5. 

I-19 



TABLE 5-2 
MONITORING RESULTS FOR OCCUPATIONAL INTERNAL 

EXPOSURE AT THE MML 

Radionuclide Number of Bioanalyses Action Level Exceeded* 

Radium-226 216 None 
Natural uranium 215 None 
Thorium-230 2 None 
Lead-210 2 None 

Total 435 

*The action levels are 0.7 pCi/l for radium-226, 0.1 pCi/l for 
natural uranium, and 15 mg/l for thorium-230. 
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TABLE 5-3 
POST-REMEDIAL ACTION AIR MONITORING SUMMARY 

Number of Gross Alpha Measurement 
Measure- (lo-14 &i/ml)* 

Parameter ments Average Range 

Air particulates 84 1.3 <0.05-10.8 

*The DOE 
9 

uideline for insoluble thorium-230 in air is 
5 x 10-l yCi/ml (Ref. 17). The average value for 
the MML is below this guideline. 
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.- TABLE 5-4 
REMEDIAL ACTION COSTS AT THE MIDDLESEX MUNICIPAL LANDFILL 

FOR THE 1984 WORK 

Description 
Final Unit Final 

Quantity Price ($) Amount ($1 

Mobilization 
Rehabilitation 
of MML washdown 
facility structure 
MML washdown 
facility equipment 
installation and 
operation 

MSP washdown facility 
equipment installation 
and operation 

MML flexible holding tank 

Well closure 

Sandbag 

Site restoration 

Demobilization 

MML Excavation and 
segregation 

Transporting and placing 
contaminated material 

Herbicide 

MSP geomembrane cover 

MSP geotextile fabric 

Backfill of uncon- 
taminated MML materials 

Clean fill 

Turf establishment 

Medical exams 
Concrete wall around 

MSP storage pile 

1s 
1s 

1s 

1s 

1s 

1s. 

1s 

1s 

1s 

40,000 yd3 

15,589 yd3 15.00 

1.4 AC 100.00 140.00 

8,892 yd2 1.00 8,892.OO 

6,882 yd2 0.10 688.20 

22,000 yd3 0.25 5,500.oo 

15,589 yd3 

5.9 yd3 

8.00 124,712.OO 

500.00 2,950.oo 

Allowance Allowance 7,682.50 
180 If 5.05 909.00 

10,288.OO 
2,500.OO 

2,500.OO 

2,500.OO 2,500.OO 

2,500.OO 

1,ooo.oo 

500.00 

2,500.OO 

2,500.OO 

10.00 

10,288.OO 
2,500.OO 

2,500.OO 

2,500.OO 

1,ooo.oo 

500.00 

2,500.OO 

2,500.OO 

400,000.00 

233,835.OO 
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TABLE 5-4 
(continued) 

Description 
Final 

Quantity 
Unit Final 

Price ($) Amount ($) 

Additional MML 
excavation and 
segregation 

15,823 yd3 10.00 

Additional backfill 18,235 yd3 
of uncontaminated 
MML materials 

0.25 

Two-man survey crew 142.5 h 

Three-man survey cLew 7h 

Office work 371 h 

Travel time two-man crew 31 trips 

Travel time 3-man crew 2 trips 

Medical exams Allowance 

Medical exam (manhours) 35 h 

60.00 8,550.OO 

73.00 525.00 

38.00 14,098.OO 

45.00 1,395.oo 

65.00 130.00 

Allowance 2,439.oo 

25.00 875.00 

158,230.OO 

4.558.50 

TOTAL $1,002,897.20 

aLump sum is abbreviated as "1s." 
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TABLE 5-5 
REMEDIAL ACTION COSTS AT THE MIDDLESEX MUNICIPAL LANDFILL 

FOR THE 1986 WORK 
Page 1 of 3 

Final Unit Final 
Description Quantity Price ($) Amount ($) 

Mobilization 

Clearing 

Relocating Recycle 
Center 

Decontamination 
Facility (Landfill) 

Fence Removal 

Upgrading Existing 
Fence 

Additional Security 
Fence 

Haul Road 

Decontamination 
Facility (Sampling 
Plant) 

Water Supply 

Trailer Setup 

Electrical Supply 

Demobilization 

Relocate Playground 

Portable Trash Pump 

Temporary Security 
Fence 

Mobilization 

Well Removal 

ISa 

1s 

1s 

1s 

1s 

1s 

1s 

1s ‘ 

1s 

1s 

1s 

1s 

1s 

1s 

1s 

1s 

1s 

1s 

31,ooo.oo 

10,000.00 

15,ooo.oo 

55,ooo.oo 

1,ooo.oo 

1,500.00 

22,ooo.oo 

20,000.00 

12,ooo.oo 

7,ooo.oo 7,ooo.oo 

3,ooo.oo 3,ooo.oo 

15,ooo.oo 15,ooo.oo 

1,500.00 1,500.00 

8,OOO.OO 8,OOO.OO 

205.00 205.00 

6,875.OO 6,875.OO 

4.730.00 

500.00 

31,ooo.oo 

10,000.00 

15,ooo.oo 

55,ooo.oo 

1,ooo.oo 

1,500.00 

22,ooo.oo 

20,000.00 

12,ooo.oo 

4,730.oo 

500.00 
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Paae 2 of 3 

Description 

TABLE 5-5 
(continued) 

Final Unit Final 
Quantity Price ($) Amount ($) 

Operating Decon- 
tamination 

Contamination 
Control 

Waste Storage Facility 

Turf Establishment 

Site Restoration 

Demobilization 

Gas Venting 

Landfill Excavation 

Backfill 

Borrow Backfill 

Transporting 

Consolidation 

Masking Agent 
Initial Cost 

Spraying (Straight 
Time) 

Spraying (Overtime) 

Masking Agent 

Laborers 

Backhoe 350H 

Waste Storage Facility 

Additional Excavation 

Additional Transporting 

Additional Gas Venting 

1s 11,890.OO 11,890.OO 

1s 6,580.OO 6,580.OO 

1s 

1s 

1s 

1s 

1,830 If 

18,500 yd3 

6,479 yd'3 

6,200'yd3 

6,200 yd3 

1s 

1s 

81,620.OO 

4,700.oo 

3,140.oo 

2,ooo.oo 

3.00 

. 56 

. 22 

6.40 

43.54 

1,500.00 

603.33 

81,620.OO 

4,700.oo 

3,140.oo 

2,ooo.oo 

5,490.oo 

10,360.OO 

1.425.38 

39,680.OO 

269,948.OO 

1,500.00 

603.33 

4h 25.77 103.08 

6h 

2 drums 

51 h 

17 h 

99 If 

2,840 yd3 

6,000 yd3 

800 If 

36.74 

1,580.69 

25.77 

292.22 

604.60 

. 56 

40.00 

3.00 

220.44 

3.161.38 

1.314.27 

4,964.OO 

59,855.40 

1,590.40 

240,OOO.OO 

2,400.OO 
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TABLE 5-5 
(continued) 

Description 
Final Unit Final 

Quantity Price ($) Amount ($) 

Borrow Fill 

Operating Decon- 
tamination Facility 

Soil Sterilization 

Additional Transporting 

Additional Borrow Fill 

6-in. Diameter Pin 

Vent Holes 

Plastic Cover 

Additional Soil 

Property Survey 

2-Man Survey Crew 

3-Man Survey Crew 

Office Work 

6,000 yd3 

6,000 yd3 

26,200 ft2 

2,661 yd3 

1,320 yd3 

IS 

505 If 

IS 

17,034 ft2 

1s 

25.5 h 

15 h 

37 h 

6.40 38,400.OO 

1.92 11,520.OO 

. 15 3,930.oo 

40.00 106,440.OO 

6.40 

1,500.00 

3.00 

1,325.OO 

. 15 

2,700.OO 

50.00 

65.00 

35.00 

8,499.20 

1,500.00 

1,755.oo 

1,325.OO 

2,555.10 

2,700.OO 

1,275.OO 

975.00 

1,295.oo 

Total: $1,151,776.08 

aLump sum is abbreviated as "1s." 
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GLOSSARY 

Alpha-emitting - See radiation. 

Background Radiation - Background radiation refers to 

naturally occurring radiation emitted from either cosmic (e.g., 
from the sun) OK terrestrial (e.g., from the earth) sources. 
Exposure to this type of radiation is unavoidable and its level 
varies greatly depending on geographic location; e.g., New 
Jersey typically receives 100 mrem/yr, Colorado receives about 
300 mrem/yr, and some areas in South America receive up to 7000 

mrem/yr - Naturally occurring terrestrial radionuclides include 

uranium, radium, potassium, thorium, etc. These dose levels do 

not include the concentrations of naturally occurring radon 

inside buildings. 

Beta-gamma-emitting - See radiation. 

Contamination - Contamination is used generally to mean a 

concentration of radioactive materials in the soil exceeding 

naturally occurring levels. Contamination may or may not exceed 

DOE remedial action guidelines. 

Counts per minute - A count is the unit of measurement 

registered by a radiation detection instrument when radiation 

imparts its energy within the sensitive range of the detector 

probe. The number of counts registered per minute can be 

related to the number of disintegrations per minute occurring 
from a radioactive material. 

Disintegrations per minute - Disintegrations per minute is the 

measurement indicating the amount of radiation being released 

from a substance per minute. See the definition of picocurie. 
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Dose - Dose as used in this report is actually dose equivalent 

and is used to relate absorbed dose (mrad) to an effect on the 
body. Dose is measured in mrem. Examples of dose are: a dose 

of 500,000 mrem to the whole body in 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 results in an 

annual dose of about 100 mrem; DOE radiation protection 
standards limit the dose to members of the general public to 

100 mrem/yr above background levels; living in a brick house 

results in a dose of about 75 mrem/yr above background. 

Exposure rate - Exposure rate is the rate at which radiation 

imparts energy to the air. Exposure is typically measured in 
microroentgens (uR) and the exposure rate is typically given as 
uR/h. The dose to the whole body can be approximated by 
multiplying the exposure rate by the number of hours of 

exposure. For example, if an individual were exposed to gamma 
radiation at a rate of 20 uR/h for 168 hours per week 

(continuous exposure) for 52 weeks per year, the whole-body dose 

would be 170 mrem. 

Gamma Radiation - See radiation. 

Gram - A gram is a metric unit for weight. It takes 454 grams 

to make 1 pound: 1 ounce equals 28 grams. 

Meter - A meter is a metric unit of measurement for length; 1 

meter is equal to approximately 39 inches. 

Microcurie - A microcurie is l,OOO,OOO picocuries (see 

picocuries for additional explanation). 

Microroentgen - A microroentgen (uR) is a unit used to measure 
radiation exposure. For further information, see the definition 
of exposure rate. 
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Milliliter - A milliliter is a unit of measure for volume. 
There are 3785 ml in 1 gallon. 

Millirad - Millirad is a measure of the amount of energy 

imparted by radiation to a unit of mass. An absorbed dose rate 

is expressed in terms of mrad/h. 

Millirem - millirem is the unit used to measure radiation 

doses to man. The DOE limit is 100 mrem above background 

radiation levels for members of the general public in any one 
year. Naturally occurring radioactive substances in the ground 
result in a yearly exposure to everyone of about 100 mrem. To 
date, no difference can be detected in the health of population 

groups exposed to 100 mrem/yr above background and in the health 

of groups who are not exposed. 

Picocurie - A picocurie is the unit of measure for 

radioactivity just as an ounce is a unit to measure weight. One 

picocurie means that one radioactive particle is released on the 
average of every 27 seconds. 

Radium-226 - Radium-226 is a naturally occurring, radioactive 
material that spontaneously emits alpha radiation. 

Radiation - There are three primary types of radiation: alpha, 

beta, and gamma. Alpha radiation travels less than an inch in 

air before it stops. Alpha radiation cannot penetrate the outer 

layer of skin on the body. Beta radiation can penetrate the 

outer layers of skin, but cannot reach the internal organs of 

the body. Gamma radiation is the most penetrating type and can 

usually reach the internal organs. 

Radionuclide - A radionuclide is another word meaning a 
particular radioactive element. For example, uranium-235 is a 

radionuclide, uranium-238 is another, thorium-232 another, and 

so on. 
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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 can be released 

for future use as uncontaminated. In practice, this may mean 
removing grass and soil, cutting trees, removing asphalt, etc. 

Remedial action also includes restoring remediated properties to 
their original conditions, to the extent that this is possible. 

Thorium - Thorium is a naturally occurring element which is 

recovered from monazite for commercial purposes. Monazite 
contains from 3 to 9 percent thorium oxide. The principal use 

of thorium to date has been in the manufacture of gas lantern 

mantles because thorium oxide burns with a brilliant white 

light. Thorium oxide is also commonly found in high quality 

glasses and camera lenses because of its optical properties. 

Uranium - Uranium is a naturally occurring, radioactive 
element. The principal use of uranium -- when refined -- is for 
the production of fuel for nuclear reactors. Uranium in its 

natural form is not suitable for use as a fuel source. 

Working Level - Working level is a unit to measure the energy 

expended in air by radon or its radioactive decay products. The 

term was derived to measure radon progeny concentrations to 

which uranium miners were exposed. 
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U.S. DEPARTMENT OF ENERGY GUIDELINES 

FOR RESIDUAL RADIOACTIVE HATERIAL AT 

FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM 
AND 

REMOTE SURPLUS FACILITIES MANAGEMENT PROGRAM SITES 

A. INTRODUCTION 

(Revision 2, Harch 1987) 

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 rer,lote 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; Cot im$lecientatiJt, of the ren&did: 

action; and for certification of a FUSRAP site for release for 

unrestricted use are given in a separate document (U.S. Department of 

Energy 1986) and subsequent guidance. More detailed information on 

applications of the guidelines presented herein, including procedures 

t A remote SFKP site is one that is exctss to DOE progran,atic neecs ant 
is located outside a major operating DOE research and devetopr,ent or 
production area. 

I-A-l 



oti5227 

-- 

for deriving site-specific guidelines for allowable levels of residual 

radioactive material from basic dose limits, Ss contained Sn "A I4anual 

for Implementing Residual Radioactive Material Guiaelines" (LJ.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 gam;la 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 fret, which limits 

for quantities that can be monitored and controllez are derjvec; it js 

specified in terms of the effective dcse e;JivileLt as oef'r&c: by th,e 

fntrrcational Cor,miission on Radiological Protecticn (itR3 1577, 

1976). The bas'c dose limits are used for deriving gtiioelines for 

residual concentrations of raaionucliaes in soil r4ttrial. &idtlines 

for residual concentrations of thorium ana radium in soil, 

concentraticns of airborne radcn decay prcducts, a~lcr.atYt ir,d;or 

external gamma radiation levels, and residual surface csztcrinEticn 

concentrations are based on existing radiological prctection stanearas 

or guidelines (U.S. Environmental Protection Agency 1563; U.S. Nuclear 

Regulatory Commission 1982; and DeparWental Orders). terivec 

guidelines or limits based on the basic dose lit&its fcr these 

quantities are only used when the guiaelints proviotc ir. tire existins 

standards cited above are shown to be inappropriate. 

.I 

k “guideline” for residual radioactive materiel is a level of 

radioactivIty or of the radioactive materiB that is acceptable if the 

use of the site is to be unrestricteo. Guidelines for residual 

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 guidelines derived from basic dose limits 

usinS site-specific models and data. Generic guideline values are ptesentec 

fn this document. Procedures and data for deriving site-specific guideline 
values are given in the supplement. The basis for the guidelines is 

generally a presumed worst case plausible scenario for a site. 

Ah 'Authorized Limit" is a level of residual raaioactive material or 

tadioactivfty 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 lillrit on 

external gamma radiation resulting from the residual material. Under normal 

Circumstances, expected to occur at most sites, Authorized Limits for 

residual radioactive material or radioactivity are set equal to guideline 
values. Exceptional conditions for'which Authorireo Limits might differ 

from guideline values are specif,ied in Sections D ano F. A site nay be 

released for unrestricted use only if the conditions do not exceed the 

Authorized Limits or approved supplemental limits as defined in Section F.1 

at the time remedial action is conpteted. Restrictions and controls on use 

of the site must be established and enforced if tht site conditions exceed 

the approved limits, or if there is potent ial to exceed the dose lir,,it 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 release0 

for unrestricted use, the intent is to reduce residual radioactive material 
to levels that are as far below Authorizeo Limits as reasonable consioerirly 

technical, economic, and social factors. At sites where the resiauzl 

aaterial is not reduced to levels that perrait release for unrestricted use, 

ALARA policy is implemented by establishing controls to reduce exposure to 
levels.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 filed as a permanent fecor0 

upon completion of remedial action at a site. 

B. BASIC DOSE LIMITS 

The basic dose limit for the annual radiation dose received by an 

individual member of the general public is 100 mrem/year. The fnternal 

committed effective dose equivalent, as definea in ICRP Publication 26 (ICRP A 
1977) and calculated by dosirnetry models described in ICRP Publication 30 

(ICRP 1978), plus dose from penetrating radiation sources external to the 

body shall be used for determining the dose. This dose shall be described 
as the "Effective Dose Equivalent". Every effort shall be made to ensure 
that actual doses to the public are as far below the dose limit as is 

reasonably achievable. 

Under unusual circumstances it will be pen,lissible to allow potential 

doses to exceed 100 mren/year where such exposures are based upon scenarios 
which do not persist for long periods and where the annual life time . 
exposure to an individual from the subject residual radioactive material 

would be expected to be less than 100 mremlyear. Examples of such 
situations include conditions that might exist at a site scheduled for 

remediation in the near future or a possible, but improbable, one-time 

zcenarfc that might occur following remedial action.. Thrse leds:s shculd 
represent doses that are as low as reasonably achievable for the site. 

Further, no annual exposure should exceed 500 mren. 
. 

C. GUIDELINES FOR RESIDUAL RAGIOACTIVE MAlERIAL 

C.1 Residual Radionuclides in Soil 

Residual concentrations of radionuclides in soil shall be specified as 

above-background concentrations averagea over an area of 100 sq meters. 
Generic guidelines for thorium and radium are specified below. Guidelines 
for residual concentrations of other radionuclides shall be derived from the 
basic dose limits by means of an environmental pathway analysis using 
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site-specific data where available. Procedures for these derjvations are 

given in the supplement. 

If the average concentration in any surface or below surface area less 

than or equal to 25 sq meters exceeds the Authorized Limit or guideline by a 

factor of (lOO/A)"2 , where A is the rrta.of the elevated rcgIon In square 

&eters, limits for .Hot Spots' shall also be applicable. These Hot Spot 

kimits depend on the extent of the elevated local concentrations and are 4 

given in the supplement. In addition, every reasonable effort shall be made . 
to remove any source of tadionuclide that exceeds 30 times the appropriate 

soil limit irrespective of the average concentration in the soil. 

TWO types of guidelines at? provided, gentrfc and derived. The generic 
guidelines for residual concentrations of the R'a-226, Ra-228, Th-230, and 
Th-232 are: 

- 5 pCi/g, averaged over the first 15 cm of soil below the surface 
- 15 pCi/g, averaged over 15cm-thick layers of soil more than 15 

cm below the surface, 

These guidelines take into account ingrowth of Ra-226 from Th-230 and of 

Ra-228 from fh-232, and assume secular equilibrium. If tither Th-230 and 
Ra-226 or Th-232 ana Wa-228 are both present, not fn secular equilibrium;,, 

the appropriate guideline is applied as a limit to the radionuclide with the 
higher concentration. If other mixtures of taaionuclides occur, the 

concentrations of individual radionuclides shall be-reduced so that 1) the 

dose for the mixtures will not txceeci the basic dose limit, or 2) the sum of 
the ratios of the soil concentration of each radionuclide to the allowable 
liuit for that radionucliae will not exceed '1 ("unity"). Explicit forLiulas 

for calculating residual concentration guidelines for mixtures are given in 
. 

the supplement. 
* 

C.2 Airborne Radon Decay Products 

GenerSc gujdelines for concentrat$ons of airborne radon decay products’ 

shall apply to existing occupied or habitable structures on private property 
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that are intended for unrestricted use; structures that will be demolished 

or buried are excluded. The applicable generic guiaeline (40 CFR 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 decay product concentration (including 

background) not to exceed 0.02 WL.* In any case, the radon aecay 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 4 

there is reasonable assurance that residual radioactive materials are not 

the cause. 

C.3 External Gamma Radiation 

The average level of gama radiation inside a buildiny or habitable 

structure on a site to be released for unrestricted use shall not exceed the 

background level by more than 20 gRR/h and shall comply hith the basic ocse 

limit when an appropriate use scenario is considered. This requirer,tent 

shall not necessarily apply to structure, c schedulec fcr del&lition or to 

buried foundaticns. External gamma radiation levels on open lands shall 

also comply with the basic dose liuit considering an appropriate use 
scenario for the area. 

C.4 Lurface Contar:lina-bion 

The generic guidelines provided in the Table 1, Surface Contamination 

Guidelines are applicable to existing structures and equipment. These 

guidelines are adapted from stanaards of the U.S. Nuclear Regulatory . 

* A working level (UL) is any combination of short-lived radon decay 
products in one lfter of air that will result in the ultimate emissicn 
of 1.3 x IO5 HeV of potential alpha ener9y. 
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TABLE 1 SURFACE CONTAHINATION GUIDELINES 

Allowable Total Residual Surface 

Contamination (dpm/lOO cm21 ' 

Radionucliaes 2 Average 3, 4 Eaxinm 4, 5 Reriloveble 4, 6., 

Transuranics, Ra-226, Ra-226, Th-230 
Th-228, Pa-231, AC-227, I-125, I-129 100 300 2lr 

Th-Natural, Th-232, Sr-90, Ra-223, 
Ra-224, U-232, 1-126, I-131, I-133 1,000 3,OOG 2GO 

U-Natural, U-235, U-238, and 
associatea decay products 5,000 a 15,000 a 1,GGG 5 

Geta-gamma emitters (radionuclides 
with decay nodes other than alpha 
emission or spontaneous fission) 
except Sr-90 ano others noted above 5,000 S-Y 15,OGG E-" 1 *ccc, f-‘( 

1 As used in this table, dpm'(disinttgrations per minute) I;;EET.S tht 
rate of emission by radioactive material as detercinec by 
correcting the counts per minute measured by an appropriate 
detector for background, efficiency, and geometric factors 
associated with the instrumentation. 

2 k’here surface contamination by both alpha- ana beta-gmx-ec,ittir,g 
radionuclides exists, the limits established for alpha- ano 
beta-gar,lr;ia-eritting raoiorucliaez shoula apply incepercertl:. 

3 14ezsurefilents of average 
5 

ontanination shoula not be average: ever 
an area of mere than 1 m . For ObJects of less surface are&, tilt 
average should be derived for each such object. 

4 The average and maximuLl dose rates associatec with surface 
contamination resulting from beta-gamma emitters shoula net exceed 
0.2 mrad/h and 1.0 mrao/h, respectively, at 1 cm. 

5 ii; ;;?icIurn ccntar.iinatioc level applies to an area of not mere t!#tr, 
1 . 

6 The amount of removable radioactive material per 100 cm2 of 
surface area should be dtterninea by wiping thbt arta with drb . 
filter or soft absorbent paper, applying moderate pressure, anc 
measuring the ar,tount of raoioactive material on the wipe with ar 
appropriate instrument of known efficiency. k/hen removable 
contamination on objects of surface area less than 10G c~;~L is 
determined, the activity per unit area should be baseo on tt,e 
actual area and the entire surface should be wiped. The nunbers in 
ttiis column are maxiwIt aE,ounts. 
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Commission (1962)' and will be applied in a manner that provides a level of 

protection consistent with the Commission's guidance. These limits apply to 

both Snterior and exterior surfaces. They are not directly intended for use 

on structures to be demolished or buried, but, should be applied to 

equipment or building components that are pottntially salvageable or 

recoverable scrap. If a building fs demolished, the guidelines in Section 

c.1 

c’s 

are applicable to the resulting contamination in the ground. 

Residual Radionuclides in Air and Water 

Residual concentrations of radionuclides in air ana Mater shall be 

contrclled to levels required by DOE Environmental Protection Guiaance and 

Orders, specifically DOE Order 54SG.lA and subsequent guidance. Other 
* 

Federal and/or state standards shall apply when the) 'are detemi'ned to be 

appropriate. 

D. AC?iiORIZEG LIIGITS FOR RESIDUAL RAL!OkCTIVE EiATEk:L,.l 

The Authorized Limits shall be estiblishec tc: 1) eFsure that, as a 

niinir,lum, the Dose Limits specified in Section B will not be exceedea under 

the wcrst case piausible use scenario co%ister,t hitn the prccecures and 

guidance provided, or 2) where applicable generic guicelines are providec, 

be ccns,stent with SUC,I guiatilines. The AuthorizeU &i:,its fcr e~;h site ant 

vicinity properties shall be set equal to the generic sr dttivec gui,'elir,es 

except where it can be clearly established on the basis of site specific 
data, including health, safety and socioeconomic con%icerations, that the 

guidelines are not appropriate for use at the specific site. Consiaeraticn 

t These guidelines are functionally equivalent tc Section 4 - 
Decontamination for Release for Unrestrictec l&e cf :.RC Resulatory Guide 
1.66, but are applicable to Ncn-Reactor facilities. 
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should also be given to ensure that the limits coc~ply with or proviac an 

equivalent level of protection as other appropriate limits and guidelines 
(i.e., state, or other Federal). Documentation supporting such a etcision 

should be similar to that requirea for supplemental limits and exceptions 
(Section F), but should be generally more detailea because it covers an 

entire site. 

; Remedial actions shall not be considered complete unless the resioual 

radioactive material levels comply with the kuthorited 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 supplemental limits and exceptions shoulo 

only be considered if it is clearly demonstrated that it is not reasonable 
to de-contaminate 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 approvea by the 

headquarters program office (the Division of Facility ana Site 

Deccmrlissioning Prcjects). 

E. CC!;TROL OF RESIDUKL RAGIOACTJVE KATERiAL KT FbSkkP AKD REIIGTE SFbiP SlTES 

- - 

Residual radioactive material above the guioelines at FUSRk? ant rmott! 

5Fi.P siLts must be mr,dged ,;n accordtncr wfth apPlicible NE OrJ,:t's. The 

DGE Grder 5480.lk and subsequent guiaance or superceding oroers require 
compliance with applicable Federal, and state environmental protection 

standards. . 

The operational and control requirements specifiec in the follob,ing DCE 

Orcers shall apply to interim storage, interim managerxnt, ano long-term 

management. 

a. 54SO.lC, Impler,antation of the National Envirormlental Policy Act 
b. 54&G.lA, Environmental Protection, Safety, and health Protection 

Prcgram for DOE Operations as revised by GCi 5460.1 change oraers 
and the 5 August lS55 memorandum from Vaughan to Distribution 

C.. 546G.2, Hazaraous and Raoioactive Mixed h'aste Elanagemcnt 
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d. 5480.4, Environmental Protection, Safety, and Health Protection 
Standards . 

e. 5482.1A. Environmental Safety, and Health Appraisal Program 

f. 5463.1A. Occupational Safety and Health Program for 
Goverrmlent-Owned contractor-operated Facilities 

90 5484.1, Environmental Protection, Safety, and Health Protection 
Information Reporting Requirements 

h. 50C0.3, Unusual Occurrence Reporting System 
: i. 5820.2, Radioactive Waste Management 

E.l Interim Storage 

a. Control and stabilization features shall be designeo to ensure, to 

the extent reasonably achievable, an effective life of 50 years 

and, in any case, at least 25 years. 

b. Above-background Rn-222 concentrations in the atmosphere above 

facility surfaces or openings shall not exceed: (1) 1GO pLi/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 (DGE 

Order 5480.1A, Attachment X1-1). 

C. Concentrations of radionuclides in the groundwater or quantities of 

residual raoioactive materials shall not exceed existing Feceral, 

or state standards. 

d. Access to a site shall be controlled and misuse of onsite material 

contaminated by residu31 radioactive material shall be prevented 
through appropriate administrative controls anu physical 

barriers--active and passive controls as described by the lJ.S. 

Environmental Protection Agency (1X3-p. 555). These control 

features should be designee to ensum, to the extent reasonable, ari 
effective life of at least 25 years. The Feoeral governrlent shall 

have title to the property or shall have a lcng-tern; lease for 
exclusive use. 
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E.2 Interim Management 

. 
/- 

- - 

a. A site may be released unaer interim management when the resioual 

radioactive material exceeds guideline values if the residLa1 

radioactive material is in inaccessible locations and-would be 

unreasonably costly to remove, provided that administrative . 
controls are established to ensure that no ner&er of the public 

shall receive a radiation dose exceeding the basic oose lkit. .4 

b. The administrative controls, as approved by DGE, shall include but 

not be linitea to periodic monitoring as appropriate, apprcpriatr 

shielaing, physical barriers to prevent access, and apprcpriate 

radiological safety measures during maintenance, renovation, 

demolition, or other activities that might disturb the rrsicuel 

radioactivity or cause it to migrate. 

C. The owner of the site or appropriate Federal, state, cr local 

authcrities shall be responsible for enfcrcing thE acr..ihis:rativi 

controls. 

E. 3 Loqg-Terr,; KanagerSlent 

Uranium, Thcriua, and Their Decay Products 

a. Control and stabilization features shall be designea to ensure, to 

the extent reasonably achievable, an effective life of l,OC3 years 

ana, in any case, at least 200 years. 

b. Control ana stabilization features.shall be designed to ensure that 

Rn-222 emanation to the atmosphere frol,l the baste shall not: (1) 

exceed an annual average release rate of 2G pC;/m2/s, ant (2) 

increase the annual averaye Rn-222 ccncentration at or abc\= ary 

location outside the boundary of the contaminate0 area by more thar. 

0.5 pCi/L. Field verification of er,lanation rates is not recuirez. 

11 

I-A-l.1 



c. 

d. 

e. 

045227 

Prior to placenent of any potentially bioaegraaable contar,inated 

wastes in a long-term management 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 withir; 

the facility will not result in premature structural failure in 
violation of the requirements in paragraph a. of this section (E.3): 

I 

.I 

Groundwater shall be protected in accordance with Appropriate 

Departmental orders and Federal and state sttndaras, as applicable 

to FUSRAP and remote SFkrP sites. 

Access to a site shoujd be controlled and misuse of onsite material . . 
contar,inated by residual raaioactive material should be prc6iente3 

through appropriate administrative controls ano physical 

barriers --active and passive controls as described by the U.S. 

Environcental Protection Agency (1%3--p. 595). These ccntrcls 

shculd be designed to be effective to the l xtert reascr,a:le f:r af 

least 200 years. The federal government shall have title to the 

property. 

Other Rsdionuclides -- 

f. Long-term management of other radionuclioes shall be in actor~~r.ce 

with Chapters 2, 3, and 5 of DOE Order 5620.2, as applicable. . 

F. SUPPLEMEKTAL LlFlITS AM EXCEPTIORS 

If special site specific circumstances inoicate that the guicelines or 

Authorized Limits established for a giver, site are not appropriate for a 

portion of that site or a vicinity property, then the fiela office r,,ab 

request that supplemental limits or an exception be applied. In eiihe? 

case, the field must justify that the subject guidelines or Authcrired 

Limits are not appropriate and that the alternative action will provioe 

adequate protection giving due consideration to health ano safety, 

12 

I-A-12 



environment and costs. The field office shall obtain approval for specific 

supplemental limits or exceptions from headquarters as specified in Secticn 

D of these guidelines ana shall provide to headquarters those materials 

required for the justification as specified in this section and in the 
FUSRAP and SFIiP protocols and subsequent guidance docunents. ihe fielc 

office shall also be responsible for coordination with the state or local 

government of the limits or exceptions and associated restrictions as 

appropriate. In the case of exceptions, the fielc office shall also wcrk 

with the state and/or local governments to insure that restrictions or 

conditions of release are adequate and mechanisms are in place for their 
enforcement. 

Fl. Supplemental Limits 

The supplerzental 7imits must achieve the basic dose 'limits set forth in 

this guideline document for both current and poter.tia? unrestrictec uses of 

the site and/or vicinity property. Supplemental lir.lits may be applieo tc a 

property or portion of a property or site if, on the tEs:'s of a site 
specific analysis, it is determined that certain aspects of the property or 

portion of the site were not cons'iderrd in the development of the 

established Authorized Limits and associated guiatlines for the site, enc as 

a result of these unique characteristics, the established limits or 

guidelines either do net provide aaequate protecticn cr are unr,ecessarilJ 

restrictive and costly. 

F2. Exceptions 

Exceptions to the kuthorirea Limits defineo for urrestricteo use cf tht 

site may be applied to a portion of a site or a vicinity property when it is 

established that the Authorized Limits cannot be achieveo ana rtstricticrs 

on use of the site or vicinity property are ntcesscry to provice c&quEte 

protection of the public and environment. The firlc cifice must clearly 

demonstrate that the exception is necessary, and the restricticns will 
proviae the necessary degree of protection and that they cor,,ply witl, the 

requirements for control of residual radioactive material as set forth ir, 

Fart E of these guiaelines. 
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F3. Justification for Supplenlental Limits and Exceptions 
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gupplenental 1irliitS and exceptions must be justified by the field office 

on a case by case basis using site specific data. Every effort should be 

made to minimize the use of the supplemental limits and exceptions. 

. . Examples of specific situations that warrant the use of supplemental . 
standards and exceptions are: 

A 

a. Where remedial actions would pose a clear and present risk of 

injury to workers or members of the general public, notwithstanding 
reasonable measures to avoid or reduce risk. 

b. Uhere remedial actions--even after all reasonable mitigative 

measures have been taken--woula produce environnental harti, that is 

clearly excessive compared to the health benefits to persons living 

on or near affected sites, now or in the future. k clear exctcs of 

environmental ham is harr;l that is long-tern, manifest, and srossl~ 

disproportionate to health benefits that can reasonably be 

anticipated. 

C. k'here it is clear that the scer,arios cr assumptions used to 

establish the Authorized Linits do not under plausible current or 

future conditions, apply to the property or portion ot the site 

identified and Khere more appropriate scenarios or asswpticns 
indicate that other limits are applicable or necessary for 

protection of the public and the environnent. 

d. W&ere the cost of retIedial actions for contar;linated soil is 

unreasonably high relative to long-term benefits and where the 

residual radioactive materials do not pose a clear present or 

future risk after taking necessary control measures: The 

likelihood that builoings will be erected or that peopie will sperlc 

long periods of time at such a site should be considered in 
evaluating this risk. Rer#ieoial actions will generally not be 

necessary where only minor quantities of residual radioactive 

14 
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materials are involved or where residual radioactive materials 

occur in an inaccessible location at which site-specific factors 

limit their hazard and from which they are costly or difficult to 

remove. Examples are residual radioactive uaterials under 
hard-surface public roads and sidewalks, around public sewer lines, 

or in fence-post foundations. A site-specific analysis must be 

provided to establish that it would not cause an individual to ' 

receive a radiation dose in excess of the basic dose limits state0 A 

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 remedial action. 

. 
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G. SOURCES 

limit or Guideline 

Basic Dose Limits 

Dosimetry Node1 and Dose Limits International Commission on 
Radiological Protection (1977, 1976) 

Generic Guidelines for Residual Radioactivity 

Residual Concentrations of Radium 40 CFR 192 
and Thorium in Soil Material 

Airborne Radon Decay Products 40 CFR 192 

External Garma Radiation 40 CFR 19i 

Surface Contamination Adapted from U.S. Nuclear Regulatory 
Commission (1962) 

Control of Radioactive k'astes and Residues 

Interim Storage DOE Grder 546Ci.lk and subsequmt 
guicance 

Long-Term Kanagement DOE Order 5SEC.lA and subsequent 
guidance; 40 CFR lY2; DGE oraer 56211.2 
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PREFACE 

For the convenience of the reader, Exhibit II is paginated 
continuously. Each page number begin6 with the designator "II-" to 

distinguish the numbering system Used for Exhibit II from the 

individual numbering systems Used in the document6 comprising 

Exhibit II. The Exhibit II page number6 on which the individual 

document6 begin are given on page6 ii and II-iii of this docket. 

These page number6 are also listed on the title page introducing 

each Subpart of Exhibit II. 

II-ii 
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Exhibit II (1) - Decontamination or Stabilization Criteria 

The following documents contain the guidelines that determine the 
need for remedial action. The subject properties have been 

decontaminated to comply with these guidelines. The first document 

listed is included as Appendix A of Exhibit I; the second is 

included on the following pages. 

Paqe 

U.S. Department of Energy. “U.S. Department of 
Energy Guidelines for Residual Radioactivity at 

Formerly Utilized Sites Remedial Action Program and 
Remote Surplus Facilities Management Program Sites,** 

Revision 2, March 1987. 

U.S. Department of Energy. Desiqn Criteria for 

Formerly Utilized Sites Remedial Action Proqram 

JFUSRAP) and Surplus Facilities Manaqement Program 
(SFMP), 14501-OO-DC-01, Revision 2, Oak Ridge, TN, 

March 1986. II-2 
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PREFACE TO DESIGN CRITERIA 

These design criteria have been written in a generic form that 

summarizes criteria applicable for remedial action and long-tern 
lnanasenent activities associated with the radioactive wastes at the 

FVSFAP and SFHP sites. 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 
the 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 \JBS number and contains estimated waste 

quantities at the sites. Appendi.x C contains the residual 

contanination and waste control criteria. Appendix D lists site 
information for specific sites’which will be required as a remedial 
action for the specific site is developed. This information will be 

included in the work plan for each site. 

The design criteria will be referenced by the designation 

14501-00-DC-01. 

These design criteria will be periodically revised, as appropriate, 

to reflect new practices, additional information, revisions of 
applicable regulations, and standard revisions. 

i 
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Rev. 1 

1.0 INTRODUCTION 

1.1 SCOPE 

This document defines the design criteria for the identification of 
materials, evaluation of remedial action alternatives, selection of 
design parameters for site cleanup remedial actions and interim 
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 Management Program (SFMP) 
projects is to stabilize, decontaminate, and/or dispose of FUSRAP 
and SFMP derived wastes in such a manner as to minimize the 
radiological risks posed by these. wastes and to enable certification 

of the cleaned up FUSRAP and SFMP sites for unrestricted future 

4 iJ use. At some 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 DEFINITIONS 

Appendix A contains definitions of terms that are used in these 
design criteria as well as in the referenced documents. 

1.4 CFANGES TO CRITERlA 

The criteria for FUSFAP and SFMP remedial actions set forth in this 
document are based on elements of various federal orders, 
regulations, and standards that may be subject to change. This 
document will be revised to reflect changed criteria as authorized 
and approved by DOE. 

1 
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2.0 APPLICABLE DOCUMENTS 

2.1 GENERAL 

The intent of these design criteria is to use DOE Orders where 
applicable. Applicable orders, regulations and standards, and 
sections thereof, as well as industry standards, will be 

investigated on a site-specific basis to formulate the design bases 
for the specific site. 

2.2 FEDERAL ORDERS, REGULATIONS, AND STANDARDS 

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 

c 1 
DOE Order 5700.6A--Quality Assurance and DOE/OR-FUSRAP-82-001 
Plan for Quality Assurance. The Project Quality Assurance Program 
complies with DOE Order 5700.6A, 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, 
programmatic goals, public reaction, or any other factor important 
to achieving project objectives. 

When the formal evaluation indicates that consequences of failure 
may be unacceptable, significant, or unknown and the probability of 
failure is high or unknown, additional deliberate actions to find 

2 
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and prevent quality problems are mandatory. The additional actions 
to assure quality of design and engineering, and particularly to 
assure implementation of that design and engineering, will be 
documented using a Quality Act ion Plan. 

2.2.2 Radiation Protect ion 

DOE Order 5480.1A. This order establishes control over the 
environmental protection, safety, and health protect ion programs. 
Chapter XI, Requirements for Radiation Protection, Attachment XI-l, 
defines radiation protection guides for concentration in air and 
water above natural background which will be used as criteria for 
releases from DOE’s FUSRAP and SFMP operations. Chapter XII, 
Prevention, 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, state,. 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 IAEA). The procedures will follow, to the extent 
practicable, regulations issued by the Environmental Protect ion 
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 
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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 Desiqn Criteria Manual. This order 
contains basic architectural’and engineering design requirements for 
new DOE facilities; provides technical specification requirements; 
and outlines planning and design requirements for new facilities, 
facility additions, facility alterations, and building acquisitions 
to achieve economy of construction, operation, and maintenance. 

40 CFR 192--Standards for Remedial Action at Inactive Uranium 
Processina 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 been adopted 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 Storage 
. 

DOE Order 1540.1 --Materials Transportation and Traffic Manaqenent. 
Hazardous materials at FUSRAP and SFMP sites shall be shipped in 

accordance with DOE Order 1540.1. This document outlines DOE’s 
policies and procedures for the management of materials 
transportation to ensure that it is accomplished in a manner 
commensurate with: 

(1) Operational requirements for transportation services 

(2) Established practices and procedures for transportation 
safety, 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. 

Intra-building and intra-site transfers are excluded from the 
provisions of this order. 

DOE Order 5480.1A --Environmental Protection, Safety, and Health 
Protection Program for DOE Operations. Chapter 3 of this Order 
contains safety requirements for packaging of fissile and 

radioactive material. It also defines the requirements for design, 
evaluation, and testing of containers used for the transport of 
DOE’s fissile and radioactive materials. 

49 CFR 171-179--Transportation of Hazardous Materials. These 
regulations specify requirements for bulk shipments of uranium or 
thorium ores and physical or chemical concentrations of those ores 
and uranium metal or natural thprium metal, or alloys of these 
materials. 

2.2.5 Health and Safety 

Occupational Safety and Health Administration (OSHA) 29 CFR 1910. 
This section contains the health and safety regulations for general 
industry. 

Occupational Safety and Health Administration (OSHA) 29 CFR 1926. 
This section establishes the general health and safety regulations 
for construction. 

2.2.6 Surveys 

Surveys for characterization and remedial action will be performed 
in accordance with the following specifications. 

5 
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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 
Publication No. 247 

U.S. Department of Interior (USDI) ‘Manual of Instructions for the 
Survey of Public Lands of the United States,’ 1973, Bulletin 6. A I 

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 
storage of radioactive materials generally follow federal orders and 

regulations, but may vary depending on whether the particular state 
is an -Agreement State” 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. 

2.4 DESIGN CODES, GUIDES, AND STANDARDS 

The following industry and national codes, standards, and guides, as 

applicable, will also serve as guidelines for the Design Criteria 
for FUSRAP and SFMP: 

0 American Association of State Highway and Transportation 
Officials (AASHTO) 

/- 

0 American Concrete Institute (AC11 
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o American Conference of Government Industrial Hygienists 
(ACGIH) 

0 American Institute of Steel Construction (AISC) 

o American National Standards Institute (ANSI) 

0 American Nuclear Society (ANS) 

o American Petroleum Institute (API) 

0 American Railway Engineering Association (AREA) 

o American Society for Testing and Materials (ASTM) 

0 American Society of Heating, Refrigerating, and Air 
Conditioning Engineers (ASHRAE) 

o American Society of Mechanical Engineers (ASME) 

o American Water Works Association (AWWA) 

o American Welding Society (AWS) 

0 Institute of Electrical and Electronic Engineers (IEEE) 

0 Interstate Commerce Commission (ICC) 

0 Illuminating Engineering’Society (IES) 

0 National Electrical Code (NEC) 

0 National Electrical Manufacturers’ Association (NEMA) 

o National Electrical Safety Code (NESC) 

0 National Fire Protection Association (NFPA) ‘National Fire 
Code” 

National Geodetic Survey (NGS) 

National Standard Plumbing Code (NSPC) 

Occupational Safety and Health Standards (OSHA) 

Underwriters’ Laboratory (UL) 

Uniform Building Code (UBC) 

U.S. Army Corps of Engineers Dredging Documents 

U.S. Geological Survey (USGS) 

7 
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3.0 DESIGN REQUIREMENTS 

3.1 GENERAL 

FUSRAP work may involve remedial action at a number of sites. The 
IL 

\ 
currently designated FUSRAP and SFMP sites are listed in Appendix B; 
waste characteristics and estimated volumes at each site are also 
given. 

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 

F The proposed DOE Interim Residual Contamination and Waste Control 
i Guidelines for FUSRAP and SFMP’sites are summarized in Appendix C. 

This criteria should be f-allowed 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 
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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 
requirenents 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 

authorizations required by DOE, will be obtained by DOE, Oak Ridge 

Operations. 

3.3.3 Site Information 

Define the site conditions for each site as necessary for design 

decisions. Parameters that may be needed include the following (see 

Appendix D for detailed requirements): 

0 Property surveys, easements, and datum 

0 Water levels 

0 Precipitation 

0 Humidity 

o Groundwater table 

0 Frost penetration 

0 Ice conditions 

0 Air temperature 

0 Noise levels 

0 Winds 

0 Seismology 

9 
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0 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, quantity, and existing disposition 
of the radioactive wastes at.any given site will usually be required 
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: 

0 Location and depth of buried wastes. 

o Radiological, physical, and chemical characteristics of 
wastes in ponds, under surface water, and/or in groundwater. 

0 Extent of radiological migration, groundwater flow patterns, 
and seasonal variations. 

0 Wastes/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 
facilities will be made and may include the following: 

0 Security 

0 Contamination control 

0 Structures 

0 Equipment 

0 Water treatment and control 

10 
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0 Utilities 

0 Access routes 

0 Monitoring system 

0 Document control 

0 Administration 

3.3.6 Waste Transportation 

The following facets for transporting the waste materials will be 

investigated as applicable: 

0 Waste form and quantity to be transported 

0 Mode of transportation 

0 Packaging and control 

0 Transportation routes 

0 Local traffic patterns and impact on community. 

ll 
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APPENDIX A 

DEFINITIONS 

Abbreviations/Terms 

AEC 

alpha particle 

F i 
background radiation 

beta particle 

Definitions 

Atomic Energy Commission 

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-emittin,g substances have entered the 
body. 

Naturally occurring low-level radiation to 
which all life is exposed. Background 
radiation levels vary from place to place on 
the earth. 

A particle emitted from some atoms 
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 cause skin damage, and beta 
emitters are harmful if they enter the body. 

BP’1 Bechtel National, Inc. 
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buffer zone 

CFR 

Ci 

contamination 

daughter product 

r- -1 

decontamination 

disrantlenent 

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. 

Code of Federal Regulations 

Curie (the unit of radioactivity of any 
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. 

The nuclide remaining after a radioactive 
atom (parent) has undergone radioactive 
de.cay . A daughter atom also may be 

radioactive, producing further daughter 

products. 

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. 

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 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. 

disposal site A portion of a land disposal facility which 
is used for disposal of waste. It consists 
of disposal units and a buffer zone. 

disposal unit For near-surface disposal, a “disposal unit” 
means a discrete portion of the disposal 
site into which waste is placed for disposal. 

DOE Department’of Energy 

6 dpn Disintegrations per minute 

egr 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) 

engineered barrier Man-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. 

EPA 

exposure 

Environmental Protection Agency 

Magnitude of radiation. It is defined and 
measured in terms of electrical charge 
produced per unit mass of air. 
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FUSFAP 

ganna background 

gamma ray 

ground water 

half-life 

health effect 

Formerly Utilized (MED/AEC) Sites Remedial 
Action Program 

Natural gamma ray activity everywhere 
present, originating from two sources: (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. 
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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 person who might occupy the disposal site 
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 exte.nt reasonably achievable, an 
effective life of 50 years and, in any case, 

(Ll- at least’ 25 years at which time ultimate 
disposal will be made. 

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 
engineered structures that provide 
equivalent protection to the inadvertent 
intruder. 

land disposal 
facility 

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 ensure that contaminants are 
not migrating from the site in excess of 
design criteria, and an institutional 
control period not less than that specified 
in 40 CFR 192. Control and stabilization 
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. 

LSA 

unhos/cm 

uR/hr 

rF/hr 

mrad/hr 

P’ E D 

rrho 

r!Pc 

Low Specific Activity - A class of 
radioactive material as defined in 
49 CFR 173.389(c). 

Micromhos per centimeter (10s6 nho/cm) 

Microroentgens per hour (10B6 R/hr 1 

1 Milliroentgens per hour (10s3 R/hr 

Millirads per hour (10B3 rad/hr 1 

Manhattan Engineer District 

A unit of electrical conductance, the 
reciprocal of electrical resistance, 

Maximum permissible concentration as defined 
per 10 CFR 20.103. 
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near-surface disposal A land disposal facility in which 
facility radioactive waste is disposed within the 

<I 
upper 15-20 meters of the earth’s surface. 

YEPA 

NRC 

nuclide 

pCi/l 

f; f R 

rad 

radioactivity 

National Environmental Policy Act 

Nuclear Regulatory Commission 

A general term applicable to all atomic 
forms of the elements; nuclides comprise all 
the isotopic forms of all the elements. 
Nuclides are distinguished by their atomic 
number, atomic mass, and energy state. 

Picocurie per liter (10 -12 Ci/l) 

Roentgen (a unit of exposure to ionizing 
radiation). It is that amount of gamma or 
x-rays required to produce an electrical 
charge that is numerically equal to 2.58 x 
lo-4 coulombs/kg. 

The basic unit of absorbed dose of ionizing 
radiation. A dose of one rad 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. 
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radioactive decay 
chain 

radon 

radon background 

r radon daughter 

remedial action 

rdc 

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 is 
called the end product. 

A radioactive, chemically inert gas having a 
half-life of 3.8 days (radium-222); formed 
as a daughter product of radium (radium-2i6). 

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). 
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rem 

site closure and 
stabilization 

SFNP 

surveillance 

c ;- 

WL 

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 (22-year 
half-life) and subsequent daughter products. 
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Working Level Nonth - An exposure to a 
one-WL concentration for 170 hours per month. 

Work Breakdown Structure identification 

sequence number designated by DOE. (See 
Appendix B for list of identification 

numbers for the specific sites.) 
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NOTE: The guidelines contained herein have 
been superseded by those contained in 
Appndix A to Exhibit I of the 
certification docket. 

. 

APPENDIX C 

U.S. DEPARTMENT DC ENERGY GUIDELIHES 
FOR RESIDUAL WIDACTIVITY Al 

FORMERLY UTILIZED SITES REMEDIAL ACTION PRDGRM 

REHDTE SURPLUS TrCILITIE??kNACEntWT PRffiRM SITES 

(Rev. 1, July 1985) 

A. INTROOUCTION 

This document ptrstnts U.S. Dtprrtment of fntrgy (DDE) ttdiologictl 
ptOttCtiOn gU$dtlintS for Clt8nUp Of ttSidu81 t8d~o8ctivt Mttti8lS rnd 
wnrgtfntnt of tht resulting rlstts rnd nsiduts. It iS 8ppliC8ble to situ 

l idtntified by the Fomttly Utilqttd fitts Rtmtdirl Actton Progtu (FUSRAP) tnd 
ttmott sitar idtntlfitd by tht Surplus Frcllitits e5lnigemtnt Ptogtu (SFMP).* 
fht topics covtrtd 8rt b8SiC dose limit%, guidtlints rnd 8UthOtiZtd limits for 
8llOwrblt ltvtls Of ttridurl trdiCj8Ctivity. 8nd ttqUirtO@ntS for Control of 
tht t8d$O8Ctfvt U8SttS 8nd trslduts. 

Protocol% for fdtntifkrtIon, chrrrcttritrtion, rnd dtsjgnrtion of FUSRAP 
sitar for ttmtdi81 rction; for ~mpltmnt8t~On of tht ttmtd~r'l tCtfOn; 8nd for 
ctttificition of 8 FUSRAP sitt for rtltrre for unrestricted ust 8rt given in 8 
separate docment (U.S. Dept. Enttgy 1984). More detrtltd Infofut4on on 
applicrtionr of tht guidtlints pttmntad htnin, Including pmctduns for 
dttivin(j dtt-S~C~fk ~uidtlints for 8\lOU8blt 1tVtlS Of rwidutt ?8diO- 
utivfty ftol brsic dost liDits, 1s conkintd in 8 suppltoentmy docmtnt- 
ttfttnd to htttin ts tht l suppttatntm (U.S. Dtpt. Energy lS8S). 

"Rtsidurl r8diOtCtiVity” includts: (1) nsidurl conctntt8tions of trdio- 
nuclIdts In soil atttt481,** (2) concenttrtions of rlrbomt rtdon dtcry 
products, (3) txtetnrl Qam8 trdirtion bvtl, l nd (4) sutftct contuinrtion. 
A “b8sic dose limit, Is 8 pttsctibtd stmdrtd fra rhjch IImits for qurntitits 
thrt c8n be monitond 8nd controlled rn dttivtd; It Is sptcifitd In terms of 
tht tfftctive dose l quiv8ltnt 8s dtfintd by tht Intetnrtiorml Comfrsion on 
RIdiologicrl Prottction (ICRP 1977, 1978). 88sic dort limits rn urtd 
txplicitly for deriving guidtlints for rtsidurl conctntrrtionr of t8diO- 
nuclides in roll m8ttt<8\, txCtpt for thotim rnd t8dim. Cuidt\intr for 

*A ttmott SFHP sitt is ont th8t is excess to DOE progrrmmrtic nttds rnd is 
'locrttd outside 8 mrjor optrrting DOE research rnd dtvtlopmtnt Or production 
8rt8. 

**fht ttm "soil l rtttSt1" refers to 811 m8ttrirl below grrdt ltvtl rfttr 
ttITttdi8l rction ir completed. 

II-31 

c-l Rev. 1 



. 
14501-oo-DC-01 

2 . 

mSfdu81 concentrrtions bf thorlu 8nd rrdiu rnd for t)w other three @ant{- 
ths (rlrborne rrdon decry products, rxternrt gam8 rrdfrtion level, 8d 
Sutfrco contamination) an bered on existing trdfo\ogfcrl protectfon rt,m&rds 
(U.S. Lnvfron. ?tot. Agency 1983; U.S. Mucl. U*g. Cm. NW). These stmdardr 
8m 8ssumtd to bt conslstrnt with b&sic dose limits rjthfn the uncerkfnty of 
dwlvrtlons of hveh of tesidurl r8dforctivlty from brsfc 1Mtr. 

A "guidet fne" for resfducll trdforctfvfty 1s 8 level of resfdu8l rrdio- 
rctfvity thrt is acceptable if the use of the site 1s to be untestrict8d. 
Guidelines for resfdurl radioactivity prekented herein 8re of two kfnds: 
(1) genetic, site-independent guidelines t8ken from exfrtfng rrdirtfon protec- 
tfon strndrrdr, rnd (2) site-specific gufde'lfnes derived from basic dose 
limits using site-specific modets rnd data. Generic guideline vrluos are 
presented in this docurnt. Procedures rnd d&k fat deriving site-specftfc 
guidetine vrlues 8re gfven in the supplement. 

An ‘ruthorized Iidt" fs 8 level of resfdurl rrdforctfvfty thrt must not 
be exceeded if the mtdirl rctfon fs to be conslUered completed. Under 
norut cfrcumstinces, expected to occur et most sites, ruthorfted lfmfts for 
nsfdu8'l tWOactivity rre set l qurt t0 gufdelfne VelutS. fxceptiOM1 Condf- 
tions for which authorized limits might differ from gufdrlfne v8lues are 

*specified fn Sectfons D rnd F. A site my be released tot unrestricted use 
only if the rtsldurt rrdiorctivfty does not exceed guideline vrlues et the 
time remedial 8ction is completed., Restrictions rnd controls on use of the 

c 
site must be established rnd enforced if the resfdu81 t8diorctivfty exceeds 

I guideline vr'luas. 
Section E. 

The rppl Icrble controls rnd rertr~ctIonr we speclf4ed In 

DOE policy requires thrt rll exposures to rrdfrtion be lfrfted to leve\r 
that 8re 8s low as tersonrbly rchfevrbte (ALMA). fgleatntrtfon of AURA 
polfcy is specified 8s procedures to be rppUed rfkr ruthortted IImits hrve 
been set. For sites to be nlersod tot unrestricted use, the intent is to 
mduce residual ridiorctfvfty to levels thrt m 8s tit klw ruthorfred 
lfmlts 8s nrsonab~e consfderfng technicrl, uo~ic, urd roe181 frctors. At 
sites where the nsidurl rrdforctfvity is not reduced to lwets th8t pemit 
nlerse for unnstrfcted use, AURA policy is irp'lemented by rstabllshing 
controls to reduce exposure to levels th8t 8re 8s law 8s is nrsonably 
rchfevrble. Procedures for iqlemnting AURA policy m described In the 
suppleoent. ALARA policies, procedures, end actions must be docrmnkd rnd 
ffled 8s a petunent record upon completion of reotdirl action rt 8 site. 

8. BASIC DOSE LIMITS 

The basic timit tot the rnnu8l r8dirtion dose received by rn fndividurl 
member of the gtnctrl public fr SO0 l rem/yr fat 8 pttiod of exposure not to 
txcced S yertr rnd rn rvtrrge of 100 l tca/yr over 8 ‘lifetiDe. The coaritted 
tfftctiva dose cquivrtrnt, 8s defined in ICRP Publication 26 (ICRP 1977) 8nd 
Crlculrtcd by dorimetry models described in ICRP Pub\icrtion 30 (ICRP 1978), 
shal\ bt used for dtttmining the bore. 
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C.1 Residual Radionuclfdes In Soil Ntterfrl - 

~esfdurl concenttrtfons of tadlonuclldes ln roil wterlrl shall be rpecf- 
fled 8s rbovr-brckgtound conctnttrtfons rvrrrged over m 8re8 of 100 ti. If 
the concentrrtfon In my 8te8 fs found to exceed the 8ver8ge by 8 factor 
grrrtrr than 3, gufdelfnes for local concenttrtfons stmll also be applicable. 
these "hot spot" guidelines depend on the l xt8nt of the elevated local conctn- 
trrtions rnd 8re given fn tht supplement. 

The generic guidelines for residual concentr$tfons of Th-232, Th-230, 
Rt-228, and Rr-226 8re: 

- 5 pCf/g, 8verrged over the first 1S cm of soil below the surfrce 
- 15 pCf/g, rvtttgtd over 15cm-thfck lryers of soil more thtn 

15 cm below the rutfree 
these guidelines trke into account fngrvwth of R8-226 from Th-230 8nd of 
R8-228 from fh-232, and 8s~~ stculrr equflfbrfrm. If efther Th-230 8nd 

. Rt-226 or fh-232 tnd Rt-228 tre both present, not in seculrr l quflfbrim, the 
guidelines rpply to tht higher concentrrtion. If othtr mixtures of rrdio- + 
nuclfdo occur, the conctntrrtfons of individual rrdfonuclides shrll be 
reductd so th8t tht dost lot the afxturts ufll not l xcttd the basic dost 
limit. Explicit formulrs for c~lculatfnq nsfdurl concentrrtion guidelines 
for mixtures 8rt glvan fn tb supplement. 

Tht guidelines for nsfdurl conctntrttions In soil l 8teri81 of 811 other 
trdionuclidtr shrll bt derfvtd from brsic dose limfts by nrns of rn environ- 
rant81 prthury rnrlysis using sfte-specific datr. Procedures for deriving 
these guidelfnts rrt glvrn In the Wppltmtnt. 

C.2 Airborne Radon Decry Products 

Generic gufdelims for concentr8tfons of rlrbwm rrdon dtcry products 
rhrll rpply to existing occupied or hrbffrblr rtmtuns on privrk proptrty 
that 8re intended for unrestrfcted use; stwCtum$ that ufll be tillshed or 
buried rn excluded. Tht rgplfcrble wnerlc guidelfn (40 CFR 192) Is: In 
my occupied or hrbltrblr build(rq, the objectfve of remdfrl action shll be, 
and rttsonrblt tffort shtll bt udt to tchfeve, l 8nnwl rverrw (or 
l quiv8lent) r8don decay product conctntrrtfon (Includfng brckground) not to 
txcttd 0.02 UL.* In my ctst, tht rtdon dtcty product conctntrrtfon 
(including brckground) shrll not txcetd 0.03 VL. Rtmtdfal tctfons rra not 
rtquirtd in ordtr to coaply ufth this guidtliht whtn thtre Is rtrsonrblt 
tssuttnct that residual ttdiotct4vt mttet4rls trt not tht c8use. 

C.3 Exttrnrl Ctnmt Rtdfttion 

Tht tvtrtgt level of gtmmr rtdittion insidt 8 building or hrbittblt 
structurt on t sitt to be rtltrstd for unttstricttd ust shrll not txcttd the 
background ttvel by more than 20 pR/h. 

=A working ltvt 1 (WL) is any combination of short-livtd radon decry products 
in ont liter of ait that will rtsult in the ultimatt mission of 1.3 x lo5 HeV 
of pottntirl tlphr tnttgy. II-33 
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c.4 surt8ce Conta8lnrtlon 

The follouh+q Qenwlc gulerlines, adapted from skndrrds of the U.S. Nuclear 
Uegulrtoy Corris8ion (1982). 8fe rppllcrblr only to rrlstlng stpctutes rnd 
equipment thrt will not be demolished 8nd burled. they rpply to both interior 
and exterior surfaces. If I building Is demolished rrtd butted, the guldelt~s 
In Section C.l (Ire rpplkrble to the resulting contulnrtlon 4n the ground. 

Allourble Tot81 Resldurl Surfrce 
Contrrninrtlon (dpn/lOO cG)tl 

Rrdionuclidests AverigeP ,V M8xirut* ,tb Remov8blet' ,t‘ 

trtnrut8nlcs, Rr-226, k8-228, 
th-230, th-228, 98-231, k-227, 
I-125, l-129 100 300 20 
fh-N8tur81, fh-232, SrSO, itr-223, 
n8-224, U-232, I-126, I-131, 1-133 1,000 3,000 200 
U-N8tur81, U-235, U-238, 8nd 

~8ssocl8ted decry prOduCtS 3 .o- 15,oooa 1,oockl 
8ctr-guru em{ ttrrr (r8diOnuClldrS 
r4th decry modes Othtr th8n 8lph8 
Wsslon or spont8neous flsslon) ' 
except sr-90 ifId Othtn nOt@q 8bove 5 mw-7 l5,ooo6-7 1 ,ooog-7 

7% As used In this trblr, m (disintegrrt~ons ptr rlnuk) wrns the rrte of 
emission by t8dfOUtiVt uteri81 8s determined by Corrut~ng the counts 
per minute wrsured by m rpproprl8te detector for brctground, efftciency, 
l d gcoaetrIc frcton rssoctrted rith the 4nstrmentrtlon. 

t’ Where SUtf8Ce contuinrt~on by both 81DhP 8d b@t8-s.-adtt(M rrd3o- 

t’ 

t’ 

ts 

t ‘ 

nuclldes exists, the llmfts l &blIskd for rlphr- rjd b8ta-grrrremlttlng 
?8dlOn&Kl ides should rpgly lf&petintly. 

~8suWments of 8veriQe COnt88ifMtiOn should not be rvrrrged over rn 8re8 
of 8on than 1 rt. For objects Of 188% Surfrce 8re8, the rverrge should 
be derived for euh sub &jut. 

The rverrge and wxi#r dose r8teS rssocirWd ulth surtrce contuinrtlon 
?esultIng from bet8-~8~8 rtttun should not exceed 0.2 l rrd/h 8nd 
1.0 l r8d/h, rtspectlvely, 8t 1 Cm. 

fht mrximua contuirwtion level 8pplieS to rn 8rt8 of not mart thrn 
100 d. 

Tht lraount of rtmovtblt rrdiorctivt mattrfrl per 100 & of surfrct arta 
should bt dtttrmintd by wSping thrt 8re8 with dry filter or soft rbsorbtnt 
p8ptr, rpplying modtrrte prtssurt, rnd l taSUrjfbg tht mount of r8diorctivt 
Rattrial on tht wipt with 8n 8pprOpriItt inStrMtnt Of known tffiCitnCy. 
Uhtn rtmoviblt contuinrtion on objtcts Of surfrct 8rtt ltss thrn 100 cut2 
is dtttmintd, tht rctivity ptr unit 8rtt should bt brstd on tht rctual 
arts and tht tntirt surtrct should bt wiped. fht nmbtrs in this co1 wn 
8rt maxima raountr. 
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0. AUWRI2EO LIUftS FOR RESIDUAL UDIOACTIVITY 
. 

The tea&81 rctfon shell not be con8fdemd coqlrtt unlrrr the te8iOurl 
r8dlo8ctivlty fs below ruthorlreb lirft,. Authorized limftr shall ee set tqurl 
to gulOrlinor for nSiOu81 r8Olorctivlty unless: (1) rxctptlons 8pecifieO in 
kctlon F of thlr docment are rpplIcrble, in vhlch case rn ruthetlred 1Mt 

. uy be set rbovr the gui00llne v8lue for the Specific bc8tion or cond(tion to 
which the exception Is rpplicrblr; or (2) on tht basis of site-specific data 
not used In establishing the guidtliner, It cm be clerrty l stabl4shed thrt 
llritr below the $~idelInes are nrsonable and cm be rchirvd without 
8PPWirble incterse In cost Of the remdfrl rction. Authorfred 1Mts that 
btffet ttom Qulbrllnes Dust be justified rnd est8b’l~shed on 8 SfU-spec(fic 
brSfS, with documentrtion th8t must be tiled 8s 8 perrrnent record upon co40 
pletlon of te#df81 rction 8t 8 sfte. Author~ZeO limits Oltfetlng from the 
guldellnts must be 8pptOVed by the Director, 08k Ridgt ftchnic81 Servfcts 
Division, for FUSRAP 8nU by tht Oirwtor, Richlrnd Surplus Frcilities Mrnrgt- 
wnt PrOQr8ln Offict , tar rtmott SFW-rlth concurttnct by tht Oirector of 
Rtmtdirl Action Projects for both progrus. 

E. CONTROL OF RESIDUAL RADlOAC7IVIlY Al FUSRAP AND REnOfE SFHP SITES 

c Resldurl t8dlo8cthity 8bovt tht ,gutdtliner at FUSRAP and remott SFMP 
sftes l ust bt B8n8gtd fn rccordrnct tith rpplicrble WE Orders. The DOE 
Ordtr S48O.U ttquirts c#9lirnct with rpplicrble tederrl, rtrte, rnd 10~81 

c I : 
rnvironmtntrl prottctlon rtandrrds.' 

The optrrtionrl rnd corjtrol ttquirtmtnts sptcifitd in the tollowing DOE 
Orders shall apply to Interim stot89t, intttir unrgtmtnt, and long-ttm 
unrgtment. 

8. 5440. lB, Iqlmentrtion of tht Mrtion81 Envirorrcntrl Policy Act 

b. %8D.U, Envlmmental ProtKtIon, kfety, and Htrlth hottctlon 
progrv for DOE Opetrt~ons 

C. m.2, MU~~OUS 8d Rrdiorctive Mixed w8Ste %MQeDent 

d. w80.4, Envtrormtntal P+otKtiOn, kftty, rnd Htrlth protection 
Skfd8tdS 

a. w82.M. Envlrontntrl, kftty, mnd Wrlth ~trisrl Progru 
t. 983.1, Occuprtion81 kftty rnd Herlth Progru lot Covermtnt- 

Owned ContrrctarOpetrtO frcllltitr 

9. 5484.1, Envitontnkl ProtKtion, kftty, 8nd Htrlth Prottction 
Infomrtion Rtporting Rtquinmentr 

h. 5484.2, Unusual Occurttnct Rtporting Systta 

1. 5820.2, RtdiorctSvt Yartt bnr~tmtnt 

E.l rnttrim Storrgt 

8. Control rnd strbilizrtion fcrturts shrll be drsiQntd to tnsute, 
to tht txttnt rtrronrbly tchitvtblt, rn tfftctivt lift of 
SO ytrrr rnd, in 8ny CISt, 8t lt8St 25 yt8rS. 
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8. Above-brctgrourbd k-222 concontrrtions ln the rtaosphrr+ rbotfe 

IrcWty sutfrcrs or openings shall not exceed: (1) 100 pCl/L 
et my given point, (2) rn 8nnurl rverrm conconttrtlon of 
30 pCi/l over the frclllty site, rnd (3) 8n uwrl average 
concrntrrtton of 3 pCf/L 8t or rbove my k8tIon outside the 
frdllty site (DOE Order 548O.U. Attrctment X1-1). 

c. Concentrrtions of rrdimuclU88 in the groundwtet or qurntiffes 
of resldwl rrdiorctlve uterfrls shrll not exceed l xtstirrg 
fedtrrl, stbte, or locrl strndrrds. 

d. Access to I site shrll be controlled and misuse of onslte 
material COrafmi acof@b tJ -rsidurl radioactivity shrll be 
prevented through rpproprirte rbinistr8tive controls rnd 
physic81 b8rriers-- 8Ctive end p8SSfve controls 8s described by 
the U.S. Lnvirotmtntrl Protection Agency (1983-p. 595). Tht~e 

control features should be designed to ensurt, to the extent 
reasonrble, rn effective life of et lerst 25 yerrs. The federal 
govrrraent shell have title to the property. 

- E.2 Interim Mrnrqtwnt 

E.3 

8. A site uy be released under' interim l rnrgwnt when the mrldu8) 
rrdiorctlvlty exceeds guideline vrluer ff the nsidurl +8dlo- 
rctfvlty Is In lnrccessible locrtfons rnd uwld be unnrsonrbly 
costly to remove, provfded thrt rcbinistrrtive controls are 
l strbl~shed to ensure thrt no member of tk publlc shrll 
receive 8 rrdirtlon dose l xctedfnq the basic dose llmit. 

b. The 8dainIstrrtive controls, 8s 8pproved by DOE, rhrll include 
but not be limited to periodic monltorlng, 8pproprIrte shtelding, 
physic81 brrrlers to prevent (Iccess, l d rg9roprlrt.e rrdlologicrl 
srfety measures during m8inkrwue. nnovrtion, demlition, or 
other rctlvitles that might disturb the nsidual radioactivity 
or cause It to l igrrte. 

C. The met of the site or rpproprirte feder81, state, or locrl 
8uthorfties s-11 be nrponsible for enforcing the rdinfstrrtive 
controls. 

Lone-Terr Banrqement 

Urrniun, fhoriu, rnd Their Otcry Products 

8. Control 814 rtrbilirrtion fertures shrll be designed to ensure, 
to the extent rtrsonrbly achievable, rn effective life of 
1,000 years rnd, 4n my c8se, at least 200 years. 

b. Control and stabilization features shall be designed to ensure 
that Rn-222 emanation to the rbosphert from the waste shall 
not: (1) exceed an annual average rclcrsc rate of 20 pCi/a2/s, 
and (2) increase the annual average Rn-222 concentration et or 
rbova my location outside the bounday of the contaminated 
area by more than 0.S pCi/L. field verification of emanation 
rates is not required. II-36 
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c. 

e. 

l . 

?rior to pl8ceaent of my potentlrlly bfodegrrdrble contuf- 
nrttd r8stes ln 8 loq-tern unrgement frcllity, such wastes 
shrll k properly conditioned to onsbwe th8t (1) the ~nerrtion 
and escape of biogtnlc a8ses will not cause the nqulrement in 
parrgraph b of this section (f.3) tt bt trcttdtd, and (2) bio- 
degrrditlon within the facility will not result in preuture 
structutrl frilurt in violrtion of the requirements in p8r8- 
Qtwh 8 Of this SeCtiOn (L.3). 

Gtoundurtrr shall be protected in tccord8nct with 40 CFR 
1%. 20(r)(2) rnd 192.20(8)(3), Is tppl~crblt t0 FUSRAP rnd 
remote SW sites. 

Access to l rfte should be controlled rnd misuse of onrIte 
Mttti81 COnttIbin8ttd by r~idu81 r8dio8ctivlty should be 
prevented through rpproprfrtt rbtnlstrrtivt controls and 
physic81 brtriers-- 8Ctivt and p8SSiVt COnttOts 8S described by 
the U.S. Envlrormrntrl Protection Agency (1983--p. 595). These 
controls should be designed to be effective to the extent 
rttSOn8blt tot rt ltrst 200 yerrs. tttt ttdcrtl government 
Sh8ll h8vt title t0 tht p+optrty. 

Other R8dionucl ides 

f. Long-ttrr l tn8gtment of Othtr r8diOnuCl~dtS shrll be in accordance 
with Chapters 2, 3, rnd S of DOE Order 5820.2, 8s rpplicable. 

F. EXCEPTIONS 

Exceptions to the ttqulrucnt thet ruthorirtd limits be set equal to the 
guidelines my be ude on the brsls of an uwlysis of site-specific aspects of 
8 designated sik th8t were not trktn into l count in derfvfng the guidelines. 
bctptlonr requite rpptovrls as stat&d in Section 0. Specific situations tht 
urrrrnt exceptions rn: 

8. Vhert remdirt l Ct{OnS uould post 8 Clew and prewnt risk of 
in jury to workers or u&ws of t?be generrl pub1 lc, notwith- 
standing nrsonablt memures to avoid or nduct risk. 

b. Where ~wdirl actions-even after all reasonable l tlgatlvt 
masures have been taken--would produce l nviwmentrl harr that 
is clearly txctrslve compared to the health benefits to persons 
living on or MW effected sites, now or in the future. A 
clear excess of environmental ham is ham that is long-tern, 
manifest, rnd grossly dirproportionrte to health benefits that 
l Y relsOn8bly be rnticiprttd. 

C. Where the cost of remedial actions for contaminated Soil is 
unrtrsonrbly high relative to long-tern benefits rnd where the 
residual radioactive rattrirls do not post a cltrr present or 
future risk rfter taking nectsrrry control measures. The 
likelihood th8t buildings will bt erected or that ptoplt will 
spend long periods of tilrt et such l site should be considtrtd 
in tvrlurting this risk. Remedial actions will gtntrrlly not 
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ba nwossay whew only Wwt qurntltlrs of nsidwl melo- 
8ctlve wtrtlrls rn lnvolveb or uhorr irslbwl t8dioactlve 
l 8tetl8ls occur In 8n in8ccrsslblo !ocrtlon at which site- 
spectth t8ctots 1wt tnrjt hrrrrd rnd tra vhlch tfwy l ?e 
costly ot difficult to wmove. Exuples ate resIdur1 trdlo- 
active rutrr(rls under hard-surfrce public ?08dS 8d sldu8lts, 
r+ounb public seuef lfnes, or In fence-post foundrtlons. In 
order to ~nvotr'this exception, 8 sltr-specific rnrlysfs must 
be provldrd to estrbllsh that It would not c8use 8n Indfvldurl 
to receive 8 trdf8tion dose in excess of the brslc dose limits 
stated in Section 6, rnd a strtmtnt specifying the residual 
trdiorctivity must be jncluded in the 8pptopr48te state end 
locrl trcotds. 

d. Where the cost of clernup of 8 contamlnrted buflding Is clearly 
unteisonrbly Mgh relative to the brnetfts. Frctots that 8h811 
be included in this judgment 8fe the 8ntWpatrd period of 
occup8ncy, the Inctementrl trdiition level that would be effected 
by temcdirl 8ction. the tesldurl useful lifrtfrr of tfw building, 
the potential for future construction rt the site, rnd the 
rpplicrbillty of tamtdirl rctions thrt would be less costly 
thrn removal of the rtrldurl trdiorctlve wtrtirls. A st8k- 
wnt specifying the resldurl trdiorctivity must be included tn 
the rpptoprirte strtr rnd local records. 

l . Uhcre there 1s no te8rib~e'nacdi81 rctlon. 

C. SOURCES 

Limit or Cuideljne Source 

88SiC Dose llrlt, 
bsfwtry ?bdrl 8nd Dose fntetnrtlonrl Cmlsrlon on Radlologicr\ 

Limits Protection (1977, 1978) 

Genetic Guidetin@ tot Rtsidurl Rrdloactlvlty 

Resldurl Concenttrtions 40 CFR 192 
of Radfrr and thorirr 
4n Soil Natrtfrl 

Airborne Radon Decry 40 CFR 192 
Products 

Extttn81 G8m8 RIdi8tiOn 40 CFR 192 
Surface Contaminrtion Adrpttd from U.S. NUC1t8r Regulatory 

Commission (1982) 

Control of Radioactive Wastes 8nd Rtsfduts 

Interim StOt8Qt DOE Order 548O.l.A 

Long-fern Management DOE Order 548O.U; 40 CFR 192 
- 
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APPEND1 X D 

SITE INFORMATION FOR SPECIFIC SITES 
(See Design Criteria, Section 3.3.3) 

1.0 CENERAL 

This appendix is a general outline of the information that will 

be obtained for a FUSRAP/SFMP 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 (*..*I. 

2.0 SURVEYS AND DATUM 
4 -# I 

Information on site description, surveys, plant coordinates, 
plant datum, 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 naximum 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) 
(’ . . l I 

Maximum recorded high water ft 
loo-year projected flood ft 
Probable maximum flood ft 
Haximum 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 
Average 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.) 

SNOWFALL (*..+I 

Average annual in. 
Season maximum in. 
Maximum for month of l ..* in. 
Daily maximum in. 
Design snow load lb/sq. ft. 

D-2 
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5.0 GFOUNDWATER TABLE 

The high water table to be used in design will be stated. 

For the design of all underground structures, the high water 
table will be assumed as elevation l ..* ft. 

Average groundwater level is approximately at l ..* ft. 

6.0 FROST PENETRATION 

Depth below grade 

7.0 ICE 

* . . * in. 

c- -_ If applicable, ice pack formation will be described giving 
appropriate design loads. ’ 

8.0 AIR TEKPERATURE I*..*) 

Maximum design 
Minimum design 
Average annual 
Average wet bulb 

Average dry bulb 

9.0 NOISE LEVELS 

Noise level measurement and monitoring during construction will 
be maintained for sites as required by local authorities. 

D-3 
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10.0 WINDS 

Based on loo-year recurrence interval, the design wind 
velocity shall be l ..* mph at l ..* feet above grade in 
accordance with the Uniform Building Code (UBC). The 
prevailing wind is in l ..* 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 SEISMOLOGY 

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 site. Refer to Appendix C. 
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Exhibit II (2) - Designation or Authorization Documentation 

The following documents authorized OK designated the two subject 
properties of the landfill for remedial action. A copy of each 
follows. 

Memorandum, Thomas G. Frangos, Director, Office of 
Environmental Compliance and Overview, Environmental 
Technology Control Division, Department of Energy, 
EV-13,to S. Meyers, Department of Energy, NE-90. 
"Notification of Need for Some Form of Remedial 
Action - Middlesex Municipal Landfill Site, 
Middlesex, New Jersey," April 14, 1980. 

Memorandum, Stephen H. Greenleigh, Office of the 
General Counsel, Department of Energy, to Bill Snyder 
"Legal Opinion - Authority to Decontaminate the 
Middlesex Municipal Landfill Site, Middlesex, 
New Jersey," May 30, 1980. 

Paqe 
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APR 14 1989 
-’ 

EV-13 

lotlflcatlon of Need-f& Sosc Form of Raaedlal Action - Wlddlrsc~Piuntcipal 
hndfill Site, Mfddlesex, In ckrsey . 

qayws, NE-90 i 

&CT has debmlned 
0” 

Mont of the Middlesex Wunlclpal tmdftll bp be 
oonhmlnrkd uith low eve1 rrsldual radlorctlvc mterial rrsultlng fom 
rctlvltics of the Whattan Engineer Disttlct l d AUnnlc Energy &rmtisslon. 
Ua consider this tlte to be of klgh priority. In support of thtsa find$gs&/ 
ut Rwc previously trrnrmlttcd the rrdlological survey report fer the 
Middlesex Wnlcipal Landfill St& l d the engineering and l nvftonmental $'rs 
l alysfs of nmadlal action optlons for the sik The sltc sunnary for the 
Uiddlcsex kmlclpal L8ndflll 1s rttcrched. 

The Office of tinera bunsel has detemlned, following a survey of all 
rvallable rwcords, that OOE would have the axlsting authorlQ under the & 
Atomic Energy Act of 1954 to pcrtom maedlal masuras on thls site to 
nmvt low level nsfdual radloactlve matertal dtrlved Tram the Wlddlestx 

(G 

Sampling ?hnt, when such taowal Is mqufred fo protect public haalth rnd 
safety. 

Please keep us Infomed of the sti&s of this project ln order that EV may ' 
fulfill our overvleu nsponsiblll~ for FUSRAP. 

s 

'Attrthment 

X)f F 1325 10 

bee: S. llilltr, 6C-34, w/attachment 
Aerospact~w/atta&~~~~ 
EV-10, w/attach . 
A. Yhltman, w/attach 

EV-131 :AUhItman:mas:353-5439:3/26/W 
REWRIIlEN by S. Mller:4/7/80 - (See attached yellow for concurrence)* 
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Motlfjcatlon of Need of Some Form of Remedlrl Actfon - Riddlesex &cl~al 
Land! 11, Widdlertx, New rkrsey i 

Rob&W. Jbmscy, WE-30 

In our memorandum to you dated Apt11 14, 1980, UC lndfcated that the . 

priority for remedial rctlon rt the Mddlesex Runlcipal Landfill was hlch. 

thIs deslgnatfon was In error and should be changed to (bated on the 

heel th evaluation In the fhal radlologf cal survey report). Please chaqe 

your records to reflect this deslgnatlon change. 

vriginti signed W 

William E. Hott, Dlrcctor 
Enyl ron;wntal Control 

Techr,ology ElvIsion 
Office of Environment 

bee: Aerospace 

DIST 
Subject 
EV-1 /RF 
EV-IO/RF 
EV-13(2)/RF 
EV Hailroom 
AMhttman/RF 

r( 
53 , 

'A* 
EV-131 :AWhitm 6' .Gmas:353-5439:5/8/80:DF-S~ 
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De@.menl of Enwgy . 
Was!dq~on, D.C. 110585 

MAY501980 

GINS1 &EGAL OPINION - AUTBCRI’TY K) DECONTAMfu&= 
?r&w PUDDLESEX MU~JIC1PA.L LMDFILL SITE, , 
MDDLESEX, NEW jCRSEY 

Z un transndtting a legal mmorandum on tht authority to 
Uecontanrinate the Middlesex Manlcipal tandfill oite, Xiddlwax, 
Hew Jerrep . 

This opinion Is based up03 an osraier opinion by Lynn Cobman 
an the aulhoxity to decontaminate the MrddZeocx Sampling Plant 
arib ad3acent private properties, Srrsuad on Juno 19, 1978, a 
CO;?y Of Which is attached, ' 

I would be Fleared to diccurc thir aatter further l hculd yo;l 
a0 desire. 

Attachrrterrt 
AB ckated 

i 

. 
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IuBJ8 . ISGAL OPtNIO24 - AVTHORITY To DECONTAMINATE 
¶‘RE HTDDLEGEX MUNICIPAL LND)“IU, 61TE, 
MIDDLESEX, - MEW JERSEY 

. . e 
- l 

s. CDNCLVSION 

Yo*(r have raked for AP. opinion of this Off in as to whether 
the Department rif Energy (DOE) bar the iuthorlty to undertake 
l rcmcUia1 l cticn rt II former landfill rite in fiddlerex, t&w 
Jerrap which rlta coctainr low-Zevcl residual oouzce material 
derived from the government-owned former Middlerex Sampling 
Plants . * . 
zt (0 the +dio81 of uh orrku tbt was wouua nave the 
reguirito authority to perform a remedial action &t tba Xfddlcecx 
Lnndfill l he to scgulre and remove, or l trbilire low-level 
residual wurce natarial derive9 from the Middleoex 6ampling 
Plant if wch rcquisltion snd removal, or 8tabiUtstion 40 
required in order to protect public health and srfoty. 

II. EISCUE3ION 

Xrr 1942, a raqpling plurt vat bdlt on govarruntnt-owned land by 
the Manhattan Engineer biotrict (-SD) of the War bepatmcat to 
8mple pitchblende ore) purchased from foreign source& for use 
ultimate12 Fn the production of atomic ueaPons, At part of its’ 
bliddleeax bamglirlg Plant oFcratioa8, the ED, beginrAng in 
the aQI A94O’r disposed of low-level reUlua2 source mdrrial 
from the plant rite, rt a vacant dump rite in W~ddlc$ex (now 
referred to 8s the Widdlemrr Municipal Landfill). tn 1946, . 
)pF;D wac &olfrheU snd it8 functions wore tramferrcd to the 
&tonic Energy Cononiseion @EC) 1 which continued to cpcrate 
the Ganpling P1rr.t and to dispose of Iov-love1 residual 
OOurcearsterh~ rt the tandfili (under ruthority of 8cctf=ra 
C)(b) (5) l d 6(a) (2) of the Atomic Energy Act of Z916, l s 
a.IIbendC~ and 8ectfOnt 66 
Act of $954, h;b amended). 

and 91(a) (2) Of thC Atomic Emrgy 
fhe 6ampll3g Plant operationr, - 

which co&red An 1967, rcmlted in extsncivo zrdiorctive - 
. 

. 
. 4xecutive Order 9816 of wcember 31, 1946 (46 FR 22112) 

transftrrrtd the Hiddlttex Sampling Plant to AEC. 
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/r+ion*S thr plmt 8ite Urb prbrteproporticr 4djacent . 
sMy;ly *the vicinity of that mite, inclhg th0 Eblddlercw 

l 

Xn X967 tbc AEC oanbucted l Ueoontamination offo&a*, the 

E 
Ialit dte and rubs 
enor&l 6orp~eac A&n “f 

uentlr l xcosrcb the property to-the 
nimtration for unlicenrtd l nU ur$ocLrictob 

. 

proptrty the AEC had tho responsibility in rccordancc with 
metions (2) (d) and (e) of the Atomic Enargy Act of 1954, as 
mended, to aware that the publsc berlth and rafety voulcL be 
dcquatcly protectad, Thio rccponeibility WM racognlz8b by 
the AX2 when it undertook to decontaminate the plant rite in 
connection vith itr cessation bf operstior.8 at tho Plant Ed 
at8 Oxser;cing the propqty to GSA to be disposed of for 
urvartricted we. 

Conrcqucntly, At would follow that the Department of Enorgy 
(which had mccctdcb to all of the responsibilities and funcLiont 
of the Atomic Energy Commission) bat the Lnpliad authority 
under atctionr Z(6), 2(c), 6C &r-d 91 (a) (2) of tSo Ator& Energy 
A:t of 2954, a6 mended, tc dccmtaminato the Plant rite and 
rurrounbing areas including. the Landfill and to acquit-• 8ourcc 
material from the Landfill if ruch rctiono are needed to 
protect public health rnd safety from potentially injurious 
t4dioactlve contamination cawed by itt prodeceeror 6gencyqL 
operation of tha sampling facility, l r.d llirporal of low-level 
rerldual source #nataria at the kndflll. 

i 

The Assistant becrctary for Environment bar confirmed that the 
LandfAll l lte containt rerfdual radioactive mterial derived 
from the Kddlerex Gangling Plant and that rcmodial action vould 
be gaquirod ia order to protect public health and rafety. 
Should tho low-level source aaterlal buried on the mitt bc - 
l lcpased due to l rorion or l xcavat$on or migrate off-rite, or 
should builClngt 01: other rtructwes IA conrtructcd on the rite, 
Widdkrex residents could k rubjsctad to l health rirk, Chc 
Boroirgh of ~ddlesax ha8 axprecoed (r Uerirc to Ccvelo @aa 

& 
rowrty for tow Sncorne public housing. Remcdirl act o’n vould . P 

required before my much development would take place. 
. 

heqtlcm 104 of the Energy Reorganization Act of 1974 l bolirhcd 
the AEC l b trans.fcrrad to ERDA all fanctfonr and rerponsllllit~C6 . 
not l peciffcrlly bsrigncd to tbo Huelear ~ogutat~ry cwnirrion. 

3bectlon 641 of tSe Deaartmont of Energy Organization hct caf 1977 
transfczrtd ~11 reepo~gibilitier of ERD& to DO&, 
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. f ‘t 8 
l c * 

. . 

6 mume 
rrterh I 

of the landfill rite to determine the extant or l ourcc l , 
tb8t Would #heed t0 b XctfNOVed frm the bneffll in o&i ~ 

to protect public health md rafety. . - - . 
A qu@atlon haa .bem r&had l @ to v!mthar the 8orougt oi .~idblcrcx -, 
aaight brve voluntarily hempted le 
matcrtl dirpe8cC of l t the L&If1 f 

al rorp6nribility fk the 
1, A march for l l~‘evailatle 

moQrd8 bar friled tommover my documentary l idencs of ruch an 
l ca9ptance l 

_ 
0 

Zn Order to protect D3lk legal riqhtr’in thlr Mtter, in the 
event rruch records or other evidence Indicating rerponrltility on 
the part of the &tough Ire rubsequently diEcoveicd, we wggoct 
thrt any agreements between the DOE antI the Borough fcr tha 
undtrtakin 
the 

of remedial Action at the Landfill inclubc at 1oasL 
follow ng provisionr: P 

1. A provhion whereby the Borough agrees to pert recurity 
and to indemnify the United States from &ll claims, including those 
grounded Ln nu2ornce, negligence or rtrict lihbilfty, due to 
missions of rdiation from the site whick arc fifed rgabst the 
United 6tates. 

2, A provision releasing the United 6tates from all 
rerponstbility to the Borough An connccticn with the remedial 
rction. 

3. A provfrion prercrving DOE’s rights to reek 
.k!hburreacnt from the Boroqgh for m_v costs incurrod by DOE in 
undertaking the semtdial &&ion, . 

A pucrtion has ~180 &en raised as to Whether DOE, by undertaking 
l remedial action at the Lendfill, may becorre rcrponsiblc for 
barardous non-radioactive and other 8oliU warte disposed of thoro, 
DOE would have ao authoritg under the Atomic Energy Act of 1954, 
as amended, to remove much material from the rite. ‘Lb protect 
D3E’m rlght..rs in thfr rcgarC (e.g., from inrdvertmt tcprcocnCaCions 
by Department progrmnatic personnel) ye ou gest 
ection agreement between Do= ant the Boroug R 

that any remedial 
l lro include 

l ~toppcl and disclaimor claases SrrdicatFng that DOE% undcrC8king 
of remedial action at the Landfill 10 limited to tha removal o,C 
zaslbual rabioactfvo -torIal derived from the 6ampllng Plant, 
and dooe not fn my way constitute rrv~greement by DOE to 
remove othe: waster frora the rite, - 

kktitent t&h there reoomcndations rnd per the reguert of 
!the Assistant tacretary for Nuclerr Ertergy, thir Office will 
prepare l draft Agreement between the DOE rnd the Boto~gh of 

Wddlesex for execution by the parties prior ti the undertaking 
*ofma remedial action at the Ldfill. A copy of this ngroamcnt 
*ill bo 8ent to rou for your review and conrnent. 

-cc: _ John CiWcrt, NE 
. 

Willian 6. btt, lqca’ - _ 
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‘&ou have+ &&for l rnk+&ion-af -this -Ofkim 1s to qhthcr 
the Departnent 02 mcrgy (DPE) has authority to &contaninato 
the’sitc of a former gowrdment-owned chmpling plant at 
MidUettx, Now Jer+cy, and private ptopertier l d$accnt to 

i that *Lb--all Of VhiCh VWQ t8UiOrCtSvoly COntas&atcd l B . 
l risu>t of pst governsent action8 at the 83tc. . 

. 
tt #8 the Ophn Of this Office that bO& ha6 tha rcgui6ite 
‘autholtits $0 dtcontamln~te tho pfmt rite and rU$accnt grrlvatc 
prcprtier, . . 

Eu X wdtrctanU Jtt, a l amplhg plarrtwas bu21t %n 1942 on l 

‘s 

overmtnt~eb land by the Manhattan Engineer bittrict* 
tdZD) of the War 'Dcpsrtment to runpfa ppLtcbblenUe ortO 

purcha6ed from fore% n &ource8 ma part OF the national 
6ofenec effort. Z:n f 946, HED war rboliehad and its functions wrre ttans;furca to tho Cltomic Energy Cornnl66;Lon (AE~) a 
*which continued to operate the rmling plant unt3l 1967 
unUcr ruthority of acction S(b) (5) and 6(a) (2) of tbc 

-Atomic Energy Act af %986, Irs l necnbod, and l ecthrs 66 
dnd Sl(8) (2) of the Atomic Energy act Of 1934, &6 mended- 
-gbe eaprpling plant operrtlonr resulted in txtenrlvc radio- 

fictive contaxkinatio~ of the plant 8ita ant prllvrrte property 
adjacent to that 8ito. . - 

. l 

, 

l ‘Executive Or&r 9816 at Dee&W 31, X946 (46 F.k 22112) 
l ttansfcrrod tha t4iddlcrcx sampling plant to ABC. 

. 
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Xn ccndutting the ,am li~g'OpcratLonr.en it6 property, the 
&EC bab thC XC6pOnSib lity &I aCCOrdanCe witi factions 2{d) P 
and (c) of tbe At@c Ener$y~~c~,_qf.~34~ .BS ~rnd!o~to astura 

“that ~M’~JW~Cr’~e~;l~-ZP~ ‘Safety Would bc &!IequrrkcLy *rotcctaU. 
LikGiffrt, when the AEC ceased OperstSons at tbo plant and 
axcsastd.J.hc. 

1 
ropcxty-to.CSA Co bo dirpared of fo~mw%~3ctcU gm 

useI the AES ad en obligation to amaxe that such mtions WOUM 
trot"cnUsnQcr the public Malth mb safety. %%it rerpons11biUL;y 
was rocoplted by the AEC when It undcxtook to decontaminate, 1 

. the plant rite prior to its rclcart to GSA, &I~wvc=, the AEC 
failed to fulfill At6 rcsponslbillty and rcZeased the plant * 
In a contamhatcG condition that has been l houn to be potcntialIy 
&II urious to the public health end-•nfety l t the plant ~itc as 

APC 1 as et l jaccnt private pro arty.' Conrtgutntly, it would 
y &ppear to fOllOW that Doi? hB6 tK q Smplitd ruthxfty under 
l 8tctSons 66 and 91(81(2) of the htomfc Energy Act of 1954, . 

I 
as &nren&d, to decontmknrte the plant 6itt and rurxoundihg 
area6 to protect tht 

I? 
blic health md rrftty from radioactive 

m . . contamination Crrustd y it6 prtUcCer6or egcncy’8 opcrrtion 
! of tha ruapliing frcil;lty. . 

Lo 
. 

a Jm t. Livcm, xv . 
. . . 

. 
*&6tction 104 of the Energy Reorganization Act of 1974 rbolishod 
Y. thaAEC md transfer&c6 to ERDA all funttions qnd xcspsntibiliti~ 
- sot r;pecIfkrlly rsr%gntd to the Hucltrr Rtgulbtog Commi66iC~no 

61cctSo&41 0; the Dc~axtmtnt Of Energy Oxsmitation Act Of 1977 
trnnrfcrxcb 8x1 rerponsib~l~ties Of ERDA to DOE.. 

. - . 

. 

. 
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Exhibit II (3) - Radiological Characterization Report 

The document listed below addresses the pre-remedial action status 
of the two subject properties; it is included in this exhibit. 

Paue 

Oak Ridge National Laboratory. Radiolouical 
Survey of the Middlesex Municipal Landfill Site, 
Middlesex, New Jersey, DOE/EV-0005/20, Oak Ridge, TN, 
April 1980. II-55 
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“EIEV-0005120 

. 

Formerly Utilized MED/AEC Sites 
Remedial Action Program 

Radiological Survey of the Middlesex Municipal Landfill, 
Middlesex, New Jersey 

April 1980 

Final Report 

Prepared for 

U.S. Department of Energy 
NOTE: The remedial action guidelines Assistant Secretary for Environment 

contained in Appendix IV to Office of Environmental Compliance and Overview 
this report have been super- Division of Environmental Control Technology 
seded by those contained in 
Appendix A to Exhibit I of the 
certification docket. 
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“This report was prepared as an account of work sponsored 
by the United States Government. Neither the United States 
nor the United States DOE, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, 
or usefulness of any Information, apparatus, product or 
process disclosed, or represents that its use would not 
infringe privately-ovned rights.” 

Available from: 

National Technical Information Service (NTIS) 
U.S. Department of Coutmerce 
5285 Port Royal Road 
Springfield, Virginia 22161 

Price: Printed Copy: $ 6.50 
Ufcrof iche: $ 3.00 
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PREFACE 

This series of reports results from a program initiated in 1974 by 

the Atomic Energy Commission (AEC) for determination of the condition of 

sites formerly utilized by the Manhattan Engineer District (MED) and the 

AEC for work involving the handling of radioactive materials. Since the 

early 1940's, the control of over 100 sites that were no longer required 

for nuclear programs has been returned to private industry or the public 

for unrestricted use. A search of MED and AEC records indicated that 

for some of these sites, documentation was insufficient to determine 

whether or not the decontamination work done at the time nuclear activities 

ceased is adequate by current guidelines. 

This report contains the results of a survey of the current radio- 

logical condition of the Middlesex Municipal Landfill, Middlesex, New Jersey. 

Based upon the findings of the survey, there are low levels of radioactivity 

at various locations at this site and some type of remedial measures should 

be considered to preclude any future concern of inadvertent radiation 

exposure to people. 

The work reported in this document was conducted by the following members 
of the Health and Safety Research Division, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee: 

R. W. Leggett D. J. Christian 
W. D. Cottreal F. F. Haywood 
W. A. Goldsmith E. B. Wagner 

D. J. Crawford 
R. W. Doane 
W. H. Shinpaugh 
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RADIOLOGICAL SURVEY OF THE MIDDLESEX MUNICIPAL LANDFILL, 
MIDDLESEX, NEW JERSEY* 

R. W. Leggett F. F. Haywood 
W. D. Cottrell E. 6. Wagner 
W. A. Goldsmith D. J. Crawford 
D. J. Christian R. W. Doane 

W. H. Shinpaugh 

Health and Safety Research Division 
Oak Ridge National Laboratory 

Oak Ridge, Tennessee 37830 

ABSTRACT 

A radiological survey was conducted at the Middlesex Municipal 

Landfill in Middlesex, New Jersey. In 1948, dirt contaminated with 

pitchblende ores was brought to this site from a former ore sampling 

plant in Middlesex. This survey was conducted in order to characterize 

the present radiological condition of the site and to determine the 

extent to which contamination is being transported from the site by 

natural means such as by drainage. The survey included measurement of 

(1) radionuclide concentrations,in surface and subsurface soil on the 

site; (2) radionuclide concentrations in surface and subsurface water on 

the site and in Bound Brook; (3) beta-gamma dose rates and external 

gamma radiation levels on and near the site; and (4) the rate of '*'Rn 

emanation from the soil on the site. 

It was found that most of the contamination on the site is in the 

top 14 ft of soil; however, there is little contamination of surface 

soil on the site. Average radon emanation rates, average external gamma 

radiation levels, and average beta-gamma dose rates on the site do not 

appear to be significantly higher than background levels. Furthermore, 

radionuclide concentrations in water taken from Bound Brook near the 

site were far below guide values stated in federal guidelines. 

*Research sponsored by the Division of Environmental Control 
Technology, U.S. Department of Energy, under contract W-7405-eng-26 
with the Union Carbide Corporation. 
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SECTION I 

1978 RADIOLOGICAL SURVEY OF THE MIDDLESEX MUNICIPAL LANDFILL 

INTRODUCTION 

At the request of the Department of Energy (DOE), a radiological 

urvey was conducted at the Middlesex Municipal Landfill in Middlesex, 

lew Jersey. The surveyed area included the outdoor region shown in 

:ig. 1, as well as points located along Bound Brook both upstream and 

downstream from this region. 

During the 194Os, a poorly drained field on the grounds of the 

Middlesex Sampling Plant had been used as an ore storage area. Drums 

and ore containers were stored on this open ground. Occasionally, 

handling and transfer operations would result in spillage of small 

amounts of ore. Consequent ly , this area became contaminated by small 

pieces of pitchblende interspersed with the muddy soil. Recovery of 

this small amount of ore was not feasible under the conditions that 

existed. 

In 1948, the Atomic Energy Commission (AEC) decided that this 

storage area should be paved. The area was graded smooth prior to black 

topping. The excess soil from the grading operation was transported to 

the Middlesex Municipal Landfill. This soil, contaminated by previous 

ore spillage, was dispersed over approximately 5 acres of the landfill 

and was used as fill or cover material for sanitary landfill operations. 

In 1960, elevated gamma radiation levels were detected on this site 

by civil defense monitors during a local civil defense exercise. A 

radiological survey of the site was made at that time by the AEC, and it 

was found that external gamma radiation levels over an area of approxi- 

mately l/2 acre were 20 to 50 times the background levels found in the 

surrounding area. The elevated gamma radiation could be directly 

attributed to contamination in the soil transported from the Sampling 

Plant. After discussions with Borough of Middlesex officials, the AEC 

removed approximately 650 yd3 of the contaminated material nearest the 

surface and covered the area with about 2 ft of uncontaminated dirt. 

This action reportedly lowered the external gamma radiation levels to no 
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more than 50 uR/hr. The contaminated material was redeposited at an 
AEC-owned site in New Brunswick, New Jersey. 

In 1963, a parcel of approximately 5 acres of the landfill site 

(originally owned by the Borough of Middlesex) was sold to the Middlesex 

Presbyterian Church; a church was subsequently constructed on that 

parcel. It was determined from discussions with local people that both 

the church and the Middlesex Municipal Building were constructed on 

“nonfill” or solid ground. This fact was confirmed during a survey of 

the landfill by the AEC in 1974 (results of this 1974 survey are pre- 
sented in Section II of this report). The landfill site is surrounded 
by residences which approach to within l/4 mile to the south and west 

and to the edge of Bound Brook on the eastern and northern edges. 

Results of the 1974 AEC survey indicate that contamination remaining on 

the property was in an are3 (See Fig. 1) of approximately 3 acres 

centered 400 fttL*,,bf the church. c-- 
The present radiological survey was conducted during June, 1978, by 

members of the Health and Safety Research Division of the Oak, Ridge 

National Laboratory (ORNL) . The survey was designed to provide addi- 
tional data needed to supplement the 1974 survey and to provide a basis 

for comparison between site conditions in 1974 and the present. The 

survey included the following measurements: (1) beta-gamma dose rates 

at 1 cm from the surface and external gamma radiation levels at the 

surface and at 1 m above the surface throughout the site; (2) concen- 

trations of 226Ra and 23elJ in surface and subsurface soil on the site; 

(3) concentrations of 226Ra, 23*U, 230Th, and 210Pb in surface and 

groundwater on the site and in Bound Brook; (4) gamma radiation levels 

at various depths in auger holes drilled on the site as a means of 

estimating the 226Ra concentrations at these locations; and (5) rate of 

emanation of 222Rn from the ground surface. 
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SURVEY METHODS 

Instrumentation 

Measurement of Beta-Gamma Dose Rates and External Gmma Radiation 
Levels 

Beta-gamma dose rates were measured with Geiger-Mueller (G-M) 

survey meters described in Appendix I. The meters were calibrated at 

ORNL using sealed isotopic sources and by comparison with a Victoreen 
Model 440 portable ionization chamber. It was determined that, for 

surfaces contaminated with 226Ra in approximate equilibrium with 2seU 

and other radionuclides in the z3eU chain, an open-window reading of 

2000 cpm is equivalent to approximately 1 mrad/hr. 
Beta radiation cannot penetrate the closed window on the G-M probe; 

hence, only gamma radiation levels can be measured with the window 

closed. A significant difference in the open-window and closed-window 

readings on the G-M survey meter at some point indicates the presence of 
beta-emitting surface contamination, since most beta particles can 

penetrate only a few millimeters of dense materials such as soil. 
External gamma radiation levels were measured with closed-window 

G-M survey meters, with the NaI scintillation meters described in 

Appendix I, and with the Phil gamma-ray dosimeter.’ The scintillation 

detectors were standardized daily on the site through the use of sealed 

isotopic sources. The observed meter responses were standardized by 

comparison with the closed-window G-M survey meters at gamma radiation 

levels high enough that the rate meters on the instruments could be read 

accurately. 

Methods Used to Analyze Samples 

Samples of soil collected on the site were packed in plastic bags 

and returned to ORNL, where they were dried for 24 hr at 110°C and then 

pulverized to a particle size no greater than 500 pm diam (35 mesh). 

Next, aliquots from each sample were transferred to plastic bottles, 
weighed, and counted using a Ge(Li) detection system to obtain the 226Ra 

concentration. This system is coupled with a multichannel analyzer, 

II-65 



5 

;- 

TN. 

which sorts pulses corresponding to different gamma-ray energies. The 

226Ra concentration is obtained through the use of a computer program 

which integrates under photon peaks corresponding to 352, 609, 1120, and 

1764 keV; these are gamma-ray energies associated with daughters of 

22 6Ra. Because these photopeaks are used, counting is normally done 

about 30 days after grinding to allow equilibration of radon with 226Ra. 

These estimates of 226Ra concentrations are presented in this report. A 

description of the Ge(Li) detector and soil counting techniques is given 

in Appendix II. 
A measurement of the “‘U concentration in each sample was obtained 

by neutron absorption analysis techniques.2 

Water and sediment samples collected on and near the site were 

analyzed by the Analytical Chemistry Division of ORNL for 210Pb, 226Ra, 

and 230Th, using techniques described in Appendices to the ORNL Master 

Manual. The samples were analyzed. for 23eU using the neutron absorption 

techniques previously mentioned.2 The activity reported for each radio- 

nuclide (except 23eU) in the water sediment samples represents only that 

percentage of the activity (normally between 50 and 100%) available by 

hot HNO, leaching. 

All direct survey meter readings reported in this document represent 

gross readings; background radiation levels have not been subtracted. 

Similarly, background levels have not been subtracted from radionuclide 

concentrations measured in environmental samples. 

Survey Procedures 

An area considered large enough to encompass all of the radioactive 

material on the site was divided into 100 ft x 100 ft “survey blocks” by 

the rectangular grid system shown in Fig. 1. Next, the area was sub- 

divided into 50 ft x 50 ft survey blocks by dividing each 100 ft x 100 ft 

survey block in this area into four equal parts. At each grid point 

(i.e., at the intersection of mutually perpendicular grid lines) open- 

and closed-window G-M survey meter readings were taken at 3 cm from the 

surface, and a gamma scintillation survey meter reading was taken at 1 m 

above the surface. Then, each survey block in the area of suspected 
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contamination wa; scanned with a gamma scintillation survey meter held 

near the surface. The maximum observed gamma radiation level in the 

block was recorded; and at the maximum gamma point, open- and closed- 

window G-M measurements were taken at 1 cm from the surface. 

Holes were drilled with a motorized rig equipped with an 8-in.-diam 

auger, usually to depths of 10 to 20 ft., at the locations shown in 

Fig. 2. (Holes 1 through 9 were drilled and tested by ORNL in 

February, 1978, in conjunction with an engineering assessment of the 

site made by Ford, Bacon and Davis Utah.) A plastic pipe with a 4-in. 

inside diam was placed in each hole, and a NaI scintillation probe was 

lowered inside the pipe. The probe was encased in a lead shield with a 

narrow collimating slot on the side. This arrangement allowed measure- 

ments of gamma radiation intensities resulting from contamination within 

small fractions of the hole depth. Measurements were usually made at 

6-in. or l-ft intervals. This “logging” of the core holes was done in 

order to define the profile of radioactivity underground and as a first 

step in determining the extent o’f subsurface contamination at each 

location. Moreover, the loggings were used to estimate the 226Ra con- 

centration in contaminated regions. The procedure used for these 

estimates is described in Appendix III. For each hole showing elevated 

gamma levels, a sample of the potentially contaminated material brought 

up by the auger was collected for analysis of 226Ra and 23eU. 

The results of auger hole loggings were used to select locations 

where further soil sampling would be useful. At points as close as 

practical to selected auger holes, a split-spoon sampler was used to 

collect soil at intervals of 6 in. throughout the contaminated zone. 

The concentrations of 226Ra and 23e U were determined for these samples. 

Surface samples were collected at the locations shown in Fig. 3. 

Most of the surface sampling locations (as well as the drilling loca: 

tions) were chosen to provide random and representative sampling. 

However, those locations labeled “B” in Fig. 3 are “biased” in that they 

were chosen for sampling because of high radiation levels at these 

points. 

Water samples were taken from each auger hole in which water was 

found. In addition, water samples were taken from Bound Brook at the 
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locations described in Table 1. Most samples were analyzed for 226Ra, 
238” , 230Th, and 210Pb. 

Measurement of the Flux of 222Rn 

Since activated charcoal readily adsorbs 222Rn, an estimate of the 

radon flux from ground surfaces was obtained by placing canisters con- 

taining charcoal in direct contact with the ground (see Ref. 3). After 

a period of exposure which ranged from 1 to 2 days, the canisters were 
removed, and the radon daughters were allowed to achieve equilibrium. 

The amount of radon adsorbed on the activated charcoal canister was 

determined by counting the gamma emissions from 214Pb and 214Bi using a 

3 x 3-in. NaI scintillation detector coupled to a multichannel pulse 

height analyzer. \ 

The canisters were distributed uniformly over the site. These 

modified U.S. Army M-11 gas mask canisters were twisted into the soil to 

a depth of 1 cm and sealed with additional soil. A total of 41 canisters 

was used (see Fig. 4). These individual readings were then used to 

estimate the average rate of emanation of 222Rn over the entire site. 

4 SURVEY RESULTS 

Background Measurements 

Background external gamma radiation levels at 1 m above the ground 

in the Middlesex vicinity range from 5 to lO’pR/hr; the average rate is 

8 uR/hr. Concentrations of 226Ra and 23eU in background soil in the 

Middlesex area are typically near 1 pCi/g. Background beta-gamma dose 

rates, as measured with the G-M survey meters used on the site, average 

approximately 0.01 or 0.02 mrad/hr. 

Measurement of Beta-Gamma Dose Rates and 
External Gamma Radiation Levels 

Grid point measurements of gamma radiation levels at 1 m are shown 

in Fig. 5. The value shown in each 100 x 100-ft survey block is the 

average of nine measurements taken at points uniformly spaced over the 
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block. This same reporting scheme is used in Fig. 6, which shows t\e 
average measurements of the beta-gamma dose rate at 1 cm from the 

ground. It appears from these results that the area designated by the 

1974 ARC survey as containing the bulk of the contamination did not 

display average radiation exposures which are significantly higher than 

the rest of the landfill site. However, there are isolated spots in 
this area which do show elevated levels of radiation exposure. The 

results of a scan of the area thought to be contaminated are shown in 

Fig. 7. Highly elevated readings were obtained in only three of the 

50 ft x 50 ft survey blocks. The highest readings (1.1 mR/hr gamma ray 
only and 7.3 mrad/hr beta plus gamma ray) were taken directly on the 

surface and were associated with a small rock which was subsequently 

removed from the soil and returned to ORNL for analysis. Removal of 
this rock resulted in only a slight reduction in the gamma-ray exposure, 

rate at the surface. 
It should be emphasized that this radiation profile reflects only 

average external gamma radiation levels at 1 m and should not be inter- 

preted as showing point-by-point radiation levels. It should also be 
pointed out that since the highest background external gamma radiation 

level measured in the vicinity of the site was 10 pR/hr, all measurements 

of 10 pR/hr and below should not be used to indicate contamination. As 

may be noted from Fig. 5, all survey blocks had average gamma radiation 
levels less than 10 uR/hr. Thus, the data indicate that the site has an 
average external ganrma exposure rate which cannot be distinguished from 

the background level. 
mly one area had external gamma radiation levels which exceeded 

the limits of background. Thij area of approximately 500 ft2, located 
near grid point 4+0, 200R, shows an average external gamma exposure 

level at 1 m of 30 uR/hr. 
According to Nuclear Regulatory Commission (NRC) guidelines given 

in Appendix IV for the release of property for unrestricted use, average 
and maximum beta-gannna dose rates measured at 1 cm should not exceed 

0.2 mrad/hr and 1.0 mrad/hr, respectively. Only one reading on the 
site, in the general area of the maximum external gamma area mentioned 

above, exceeded this NRC limit. This elevated beta-gamma reading was 
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associated with the previously mentioned rock which was removed for 

analysis. All other beta-gamma readings obtained on site were below NRC 

guidelines. 

Results of Surface Soil Sample Analyses 

Surface soil samples were collected at various points throughout 

the site. As discussed earlier, most sampling locations were chosen 

according to a scheme devised to provide random, unbiased sampling. 

Those samples which were taken at spots chosen because of high radiation 

levels are “biased” and are labeled with a “B” in Table 2. Concentra- 

tions of 226Ra and “‘U in random surface samples are also listed in 

Table 2. Radium-226 concentrations in these random samples ranged up to 

1.8 pCi/g, and 23eU concentrations ranged up to 2.3 pCi/g. The average 

concentration of 226Ra and ‘jeLJ for all random surface samples was less 

‘-than 1.0 pCi/g and 1.22 pCi/g, respectively. These values may be con- 

sidered to be “background.” The biased sample taken at location B2 

(Fig. 3) showed a 226Ra concentration of 150 pCi/g; this location 

coincided with the maximum observed gamma and beta-gamma radiation 

levels mentioned above. A small rock taken at location B4B (Fig. 3) a 

few inches beneath the surface showed a 238U concentration of 1100 pCi/g. 

Results of Subsurface Soil Sample Analyses 

Holes were augered to depths of up to 25 ft at the locations shown 

in Fig. 2. At most of these locations, the material brought up by the 

auger was probed with an open-window G-M survey meter, and a sample of 

material showing elevated readings (or a sample taken at random, if no 

elevated readings were observed) was taken for analysis of 226Ra and 
238” . The concentrations of these radionuclides in the “grab” samples 

are shown in Table 3. 

At locations 12, 17, and 29, holes were “cored” rather than “augered. ” 

That is, a split-spoon sampler was used to collect subsurface samples at 

known depths. Concentrations of 226Ra and ‘j*LJ in these core samples 

are shown in Table 3, along with results for “composite” samples (those 
for which the depth was not determined). It was impossible to take 
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samples at certain depths due to the presence of buried tires, rags, and 

other rubbish. 

Each of the auger holes and core holes was logged with a gamma 
scintillation probe as described in the section “Survey Methods.” By 

comparison of the subsurface gamma radiation levels and the 226Ra con- 

centrations at the core hole locations, a procedure for estimating 226Ra 

concentrations in subsurface soil from auger hole “leggings” was developed 

(see Appendix III). Estimates concerning the extent of the contaminated 
soil, as determined by the auger hole logging, are given in Table 4. 

The general region in which the bulk of the subsurface contamination 
was found agrees with the region designated by the AEC report as con- 

taining the bulk of the contamination. This region is indicated in 

Fig. 8, along with a larger region where there is some scattered subsurface 

contamination or low-level contamination possibly due to leaching of 

radioactive materials. While the contaminated material appears to be 
very nonuniformly distributed, some ‘generalizations concerning the 
extent of the contaminated material are indicated in Fig. 9. 

Results of Radon Emanation Study 

The rate of emanation of 222Rn was measured by the technique 

described in the section “Survey Methods.” Canister locations and 

results of radon emanation measurements are indicated in Fig. 4. It ma) 

be seen from these results that the average rate of emanation for the 

landfill site is approximately 0.23 pCi/m2 per sec. The highest values 

were located in the area that has been designated in previous sections 

as containing the bulk of the contamination. In addition, some higher- 
than-average readings were obtained near the banks of the former path of 

Bound Brook. The rate at which 222 Rn emanates from soils containing 
background concentrations of 226Ra has been measured by other investi- 
gators, and these values may be compared with the average rate found 
here. Wilkening4 found 222Rn emanation rates which averaged 0.42 pCi/m* 
per sec. Furthermore, background radon flux measurements previously 
taken in the Middlesex area’ averaged 0.45 pCi/m2 per sec. Thus, radon 
emanation from the landfill is less than the average rate found at 
background locations in the Middlesex area. 
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Radon and Radon Daughters 

The results of the radon emanation studies at this site were used 

to estimate the probable maximum concentration of radon and radon 
daughters in air on the site. It is estimated that the maximum 222Rn 

concentration at the site is ‘less than 0.01 pCi/liter above the back- 

ground concentration in the Middlesex area. This estimate employs an 

empirical relation developed by Schiage# and assumes conservative 
meteorological conditions. Furthermore, the radon concentration measured7 

on the roof of the Middlesex Municipal Building averaged 0.04 pCi/liter. 

The average concentration measured at two other Middlesex locations 

which could be considered as background was 0.06 pCi/liter.7 It may be 

stated that the concentration of 222Rn resulting from contamination at 

the site is indistinguishable from background. 

The concentration of short-lived 222Rn daughters is estimated to be 
. less than 0.0001 working level.* The average radon daughter concen- 

tration measured in the parking.,lot of the Middlesex Municipal Building’ 

was less than 0.001 working level. This may be compared with the 

average radon daughter concentration in the Middlesex area, which is 

typically 0.002 working level.’ 

Results of Water Sample Analyses 

Concentrations of 210Fb, 230Th, 226Ra, and 23eU in water samples 

taken from streams near the site that receive water from the site 

(directly or indirectly) are given in Table 1. In all cases, concen- 

trations of these radionuclides were well below the concentration guides 

for water (RCGw) stated in 10 CFR 20, Appendix B.’ These radionuclide 

concentrations appear to be reasonably typical of background values. 
Samples of groundwater which was encountered in drilling were taken 

from 11 holes. The results of analyses are found in Table 5. It may be 

noted that no sample had 226Ra or 23eU concentrations which exceeded the 

concentration guides of 10 CFR 20.* The low concentrations of these 

*A working level is defined as 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 alpha particle energy. 
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radionuclides indicate that leaching into groundwater and subsequent 
migration may not be very extensive at this site. 

SUMMARY 

In 1948, dirt contaminated with pitchblende ore was dumped on this 

site. A combination of analysis of subsurface soil samples and gamma 

scintillation probe “leggings” of 18 holes augered on this site to 
depths of 25 ft reveal the general location of the bulk of this contami- 

nation (see Figs. 8 and 9). Most of the contamination is in the top 
14 ft of soil in an area covering 400 x 300 ft in the center of the 

site. There is little contamination in the surface soil. Average radon 

emanation rates, average external gamma radiation levels, and average 

beta-gamma dose rates do not appear to be significantly different from 

background levels. There may be some leaching of subsurface contaminants 

toward Bound Brook (see Fig. 8 and 9).. However, available data indicate 
that the amount of leached material is very small at present. Furthermore, 
the spread of scattered activity into these areas may be attributable to 

previous landfill operations. Concentrations of 210Pb, 230Th, 226Ra, 

and 23eU in water samples taken from Bound Brook near the site were far 

below guide values stated in 10 CFR 20, Appendix B, and were within the 

normal range of background concentrations. 

An evaluation has been made of current radiation exposures at the 
Middlesex Municipal Landfill and is presented in Appendix V (page 67) 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 that part of New Jersey, as 

well as to scientifically based guideline values established for the 

protection of radiation workers and members of the general public. 
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Fig. 3. Surface soil sampling locations. 

II-77 



17 

OWL-DWG 78-20833 

I- 

t 
i- 
1 
I 

i 
:- 

-*+0 4.0 o*o 
I 

2aeL 
I 

OO?- o!a? - ib / 
010-011-o 

O, 
LC‘LC ICfE,, 

Fig. 4. Radon emanation rates (pCi/m* per set) measured on the site. 
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Fig. 5. Average external gamma radiation levels (uR/hr) in survey 
blocks. 
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mrad/hr) in 50 ft x 50 ft survey blocks, with asterisks indicating uni- 
form readings (see Fig. 6 for the uniform reading). 
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i- Table 1. Concentrations of 210Pb, 230Th, 226Ra, and 23eU (pCi/ml) 
in water samples from streams receiving water from site 

Sample 
designation Location 210Pb 23oq.h 226Ra 238” 

MOW20 

MOW2 1 

MOW2 2 

MOW2 3 

MOW24 

MOW25 

MOW26 

MOW27 

MOW78 u 

MOW 2 9 

Ambrose Brook at 
Raritan Avenue 

Bound Brook at 
Union Avenue 

Bound Brook at 
Bound Brook Road 

Bound Brook 450 ft 
downstream from grid 
line 0+0 (Fig. 1) ’ 

Bound Brook at grid 
line -l+O (Fig. 1) 

Bound Brook at grid 
line I+0 (Fig. 1) 

Bound Brook at grid 
line 3+0 (Fig. 1) 

Bound Brook at grid 
line 5+0 (Fig. 1) 

Bound Brook at grid 
line ?+O (Fig. 1) 

Bound Brook at South 
Lincoln Avenue 

<0.005 

dO.003 

<0.004 

<o. 003 

co. 004 

co.003 

co.003 

co.003 

co. 004 

co.004 

co. 0005 

<0.0005 

<0.0005 

<O.OOl 

co. 001 

co. 0005 

<0.0005 

<0.0005 

q. 0005 

<0.0005 

<0.0005 

co, 0005 

<0.0005 

co. 0005 

co. 0005 

co. 0005 

<0.0005 

co. 0005 

<0.0005 

co. 0005 

Backgrounda 

0.002 

0.002 

0.004 

0.017 

Background 

0.0003 

Background 

0.0005 

0.003 

RCGw (soluble) b 0.1 2 0.03 40 

“qBackground” is less than 0.02 ppm. 
b 10 CFR 20, Appendix B. 
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Table 2. Concentrations of 226Ra and 23eU (pCi/g) 
in surface soil samples 

Sample location 
shown in Fig. 3 226Ra 23BU 

1 0.9 1.1 
2 1.2 1.4 
3 1.0 1.2 
4 0.9 1.2 
5 0.2 0.2 
6 0.8 1.1 
7 0.7 0.9 
8 0.7 1.6 
9 0.9 0.9 

10 0.6 0.6 
11 1.1 1.3 
12 1.4 1.1 
13 0.8 1.1 
14 0.3 0.4 
15 0.7 1.5 
16 1.0 1.7 
17 0.9 1.0 
18 0.5 0.9 
19 1.0 1.3 
20 0.4 0.6 
21 0.9 0.6 
22 0.6 0.7 
23 0.7 0.9 
24 1.4 1.8 
25 0.8 1.1 
26 1.2 2.3 
27 0.5 0.9 
28 0.6 1.0 
29 0.6 0.7 
30 0.9 1.3 
31 0.5 0.7 
32 0.7 0.9 
33 0.4 0.6 
34 1.0 1.2 
35 0.7 0.7 
36 0.7 1.0 
37 0.6 0.8 
38 0.4 0.5 
39 0.9 1.3 
40 0.8 0.7 
41 0.8 1.3 
42 0.5 1.2 
43 0.6 0.6 
44 0.6 0.4 
45 0.7 1.0 
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Table 2 (cont.). Concentrations of 226Ra and 23eU (pCi/g) 
in surface soil samples 

Sample location 
shown in Fig. 3 226Ra 23Eu 

46 
47 
48 
Bl 
B2 
B3 
B4A 
B2Ba 

0.7 
0.5 
0.8 
0.6 

150 
1.1 
3.6 
-- 

1.1 
0.8 
2.0 
1.0 

93 
1.6 
1.0 

1100 

aThis sample was actually a small rock taken a few 
inches beneath the surface; not enough sample was present 
for 226Ra determination. 
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Table 3. Concentrations of 226Ra and 23eU (pCi/g) 
in subsurface soil on the landfill site 

Sample 
designationa 

Depth 
(ft) 

226Ra 238~ 

MCDl 
1A 
1c 
1E 

MCD2 
2A 

MCD3 
3A 
3B 
3c 
3D 

MCD4 
MCDS 

5A 
MCD6 

6A 
6C 
6D 
6E 
6F 
6G 

MCD7 
7A 
7B 
7c 

MCD8 
MCD9 

9A 
9B 

MCDlO 
MCD11 
MCD12 

12A 
12B 
12c 
12D 
12E 
12F 
12G 
12H 
12K 
12L 
12M 
12N 

MCD13 

b -- 
0 - 2.0 
5.0- 7.0 

10.0-12.0 
-- 

0 - 2.0 
-- 

l.O- 2.0 
3.0- 5.0 
5.0- 7.0 
7.0- 9.0 

-- 
-- 

9.0-11.0 
-- 

0 - 2.0 
5.0- 6.0 
6.0- 8.0 
8.0-10.0 

10.0-12.0 
12.0-14.0 

-- 
0 - 2.0 
2.0- 3.0 
3.0- 4.0 

-- 
-- 

15.0-17.0 
20.0-22.0 

-- 
mm 

0 - 1.0 
l.O- 2.0 
2.0- 3.0 
3.0- 4.0 
4.0- 5.0 
5.0- 6.0 
6.0- 7.0 
7.0- 7.5 

10.0-11.0 
11.0-12.0 
12.0-13.0 
13.0-14.0 
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0.7 1.0 
1.0 1.2 
0.8 0.9 
2.9 3.0 
0.6 0.7 
0.6 0.6 
1.5 2.0 
2.8 2.4 
1.0 2.5 
0.7 1.5 
0.7 0.7 
1.8 2.5 
1.1 2.8 
0.4 0.7 
0.6 0.6 
0.9 1.2 
0.8 0.8 
0.6 0.6 
0.6 0.6 
0.5 0.5 
0.5 0.b 
2.7 3.7 

12 0.7 
1.5 1.2 
5.5 5.5 
1.2 1.4 
0.7 0.9 
0.5 0.9 
1.0 1.0 
3.2 1.1 
2.2 2.3 
7.0 1.0 
0.9 1.2 
1.0 1.3 
0.9 1.2 
0.7 1.0 
0.6 1.3 
0.6 0.7 
0.6 0.9 
0.5 0.7 
0.5 0.8 
0.6 0.7 
0.5 0.6 
0.4 0.5 
1.2 0.6 
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Table 3 (cont.). Concentrations of 226Ra and 238U (pCi/g) 
in subsurface soil on the landfill site 

Sample 
designationa 

Depth 
(ft> 

226Ra 238U 

MCD14 
MCD15 
MCD16 

16A 
16B 

MCD17 
17A 
17B 
17c 
17E 
17F 
17G 
17H 
171 
175 

MCD18 
MCD19 
MCD20 
MCD21 
MCD22 
MCD23 
MCD24 
MCD25 
MCD26 
MCD27 
MCD29AC 

29B 
29c 
29D 
29F 
29G 
295 

-- 
-- 
-- 

0 - 1.0 
l.O- 2.0 

-- 
0 - 1.0 
l.O- 2.0 
2.0- 4.0 
4.0- 5.0 
5.0- 6.0 
6.0.- 7.0 
7.0- 8.0 
8.0- 9.0 
9.0-10.0 

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

-- 
0 - 1.0 
l.O- 2.0 
2.0- 3.0 
3.0- 4.0 
5.0- 6.0 
6;0- 7.0 
8.0-10.0 

1.9 1.7 
170 140 

2.0 2.3 
0.8 1.1 
0.8 1.3 

1000' 630 
0.6 0.8 
0.5 0.7 
1.1 1.4 
4.8 7.1 

25 28 
19 19 
6.2 8.2 
6.1 4.1 
2.0 2.1 
9.4 8.4 

12 11 
1.5 2.5 
0.7 1.1 
0.7 0.8 
1.4 2.3 
1.1 1.7 
1.6 1.4 
1.1 1.1 
1.1 1.1 
1.1 1.2 
5.8 8.8 

54 58 
40 49 
16 22 

1.0 1.4 
2.0 3.0 

'Number refers to hole locations as shown in Fig. 2. 
b Samples for which no depth is given were taken from auger turnings 

while the hole was being drilled. 
'Hole 28 collapsed before any samples could be taken. 
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Table 4. Estimated' concentrations of 226Ra (pCi/g) 
in subsurface soil on the landfill site 

Location shown Depth 
in Fig. 2 (ft) 

226Ra 

10 
11 

13 

14 
15 

L 
I-- - 

0 -19.0 Cl.0 
0 9.0 
1.0 10 
2.0 21 
3.0 ' 11 
4.0 9.0 
5.0 6.0 
6.0 7.0 
7.0 6.0 
8.0 5.0 
9.0 5.0 

10.0-12.0 Cl.0 
0 Cl.0 
1.0 Cl.0 
2.0 2.0 
3.0 Cl.0 
4.0 4.0 
5.0 3.0 
6.0 4.0 
7.0 5.0 
8.0 4.0 
9.0 3.0 

10.0 4.0 
11.0 4.0 
12.0 5.0 
13.0 9.0 
14.0 10 
15.0 12 
16.0 4.0 
17.0 1.0 
O-25.0 <l.O 
0- 6.0 x1.0 
7.0 2.0 
8.0 3.0 
9.0 3.0 

10.0 5.0 
11.0 5.0 
12.0 5.0 
13.0 9.0 
14.0 27 
15.0 16 
16.0 6.0 
17.0 4.0 
18.0 3.0 
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Table 4 (cont.). Estimateda concentrations of 226Ra (pCi/g) 
in subsurface soil on the landfill site 

Location shown Depth 
in Fig. 2 (ftl 

226Ra 

16 O-22.0 
18 

19 

20 
21 
22 
23 
24 

25 
26 
27 
28 

o- 5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0-19.0 

o- 4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
O-17.0 
O-18.0 

hole fell in 
O-10.0 
O-12.0 

12.0-19.0 
O-13.0 
O-12.0 
O-22.0 

hole fell in; 
no log 

Cl.0 
Cl.0 

4.0 
12 
2 

Cl.0 
2.0 

41.0 
Cl.0 

9.0 
21 

9.0 
47 
36 

8.0 
8.0 

Cl.0 
Cl.0 

Cl.0 
Cl.0 

4.0 
Cl.0 
Cl.0 
Cl.0 

'Estimated from gamma radiation intensities in auger 
holes. 
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Table 5. Concentrations of radionuclides 
in groundwater samples 

Sample no.* 226Ra 
(pCi/liter) 

238” 

(pCi/liter) 

MCDlO 

MCD15 

MCD16 

MCD17 

MCDl8 

MCD20 

MCD23 

MCD24 

MCD25 

MCD26 
MCD27 

co.5 

0.9 

co.5 

1.4 

co.5 

1.4 

co.5 

CO.5 

co.5 

co.5 

5.5 

0.3 

4.1 

.3b 

11 

<3 b 

<3 b 

10 

3.2 
<3b 

5.0 
0.05 

QIdentification numbers refer to augered 
hole locations shown in Fig. 2 

b For these samples, 3 pCi/liter of 23eLl 
was the minimum measurable activity. 
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APPENDIX I 

DESCRIPTION OF RADIATION SURVEY METERS 
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RADIATION SURVEY METERS 

Beta-Gamma Survey Meter 

I-.. 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/cm’ 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. I-A. 

The G-M survey meters were calibrated by comparison with a precali- 

brated Victoreen Model 440 ionization chamber (Fig. I-B). The open- 
window calibration factor was found to be 2000 cpm per mrad/hr for 

surfaces contaminated with 22!Ra in equilibrium with 23eU and 2300 cpm 

per mrad/hr for surfaces contaminated with initially pure uranium. The 

I- closed-window (gamma) calibration factor, determined by use of a National 

Bureau of Standards (NBS) standard 226Ra source, was 3200 cpm per mrad/hr. 

Gamma Scintillation Survey Meter 

I 

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. I-C). This unit is capable of measuring radiation levels from a 

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

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

of the order of 300 cpm/l.rR per hr. 
The mobile laboratories shown in Fig. I-D are used during each 

formal survey to serve as a control center and to house instruments and 

other equipment needed during the survey. Each lab is equipped with its 

own electric generator and mobile radio-telephone as well as its own set 

t 

of calibrated survey instruments. One of the mobile labs has its own 

microcomputer for data reduction in remote locations. 
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OfUL-Photo 6704-76 

Fig. I-A. Geiger-Mueller survey meter. 

! 

i_ -,. 

II-94 



35 

ORNL-Photo 6710-76 

Fig. I-B. Victoreen Model 440 ionization chamber. 
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ORNL-Photo 6707-76 

Fig. I-C. Gamma scintillation survey meter. 
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Fig. I-D. Mobile labs used for logistic support during surveys. 



APPENDIX II 

DESCRIPTION OF GE(L1) 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 SO-cm’ Ge(Li) detector system (see Fig. II-A). 

During counting of the samples, the holder is used to position ten 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 226Ra 

with an error of 510% or less. 

Pulses are sorted by a 4096-channel analyzer (see Fig. II-B), 

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 
2500 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, 1120, 1765, and 2204 keV. An estimate of the concentration of 

23eU is obtained from an analysis of the 93 keV line from its daughter 
234n, . 
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OWL-Photo 2172-75 

Fig. II-A. Holder for Ge(Li) detector system. 
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Fig. II-B. Computer-based multichannel analyzer and one of three 
Ge (Li) counting sys terns. 



APPENDIX III 
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PROCEDURE FOR ESTIMATING 226RA CONCENTRATIONS 

FROM GAMMA SCINTILLATION PROBE LOGGINGS 

I- : 
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Since the gamma radiation intensity of subsurface soil contaminated 

with 226Ra and other radionuclides from the 23*U chain depends chiefly 

on the concentrations of 226Ra and daughters present, gamma scintil- 

lation probe loggings in auger holes can be used to estimate 226Ra 

concentrations in subsurface soil. In the case of the Middlesex site, 

. 29 auger holes were logged. At two of these holes, soil samples were 
extracted at intervals of approximately 6 in. By comparison with 

scintillation probe readings at corresponding depths, a “best-fitting” 

curve, y = llz - 12.8, was obtained, where y is the 226Ra concentration 

in pCi/g and x is the meter reading in thousand counts per min. Using 

this conversion, the 226Ra concentration was estimated from gamma 

radiation levels measured in auger holes. 
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NOTE: The guidelines contained herein 
have been superseded by those 
contained in Appendix A to 
Exhibit I of the certification 
docket. 

APPENDIX IV 

PERTINENT RADIOLOGICAL REGULATIONS, 
STANDARDS, AND GUIDELINES 
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GUIDELINES FOR DECONTAMINATION OF FACILITIES AND EQUIPMENT PRIOR 

TO RELEASE FOR UNRESTRICTED USE OR TERMINATION OF LICENSES FOR 
BY-PRODUCT, SOURCE, OR SPECIAL NUCLEAR MATERIAL 

U.S. Nuclear Regulatory Commission 
Division of Fuel Cycle and Material Safety 

Washington, D.C. 20555 

November 1976 
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The instructions in this guide in conjunction with Table IV-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 IV-l do not apply to premises, equipment, or 
scrap containing induced radioactivity for which the radiological con- 

siderations 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 su,rvey and documented, are below the 

limits specified in Table IV-l prior to applying 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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a. Provide detailed, specific information describing the premises, 

equipment or scrap, radioactive contaminants, and the nature, 

extent, and degree of residual surface contamination. 

b. 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 

i- 

a- 

I_ 
i 

/ 

i_ 

i 
i-- 

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

unreasonable risk to the health and safety of the public. 

5. 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 IV-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 NRC will consider visiting the 

facilities to confirm the survey. 

.- 
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Table IV-l. Acceptable surface contamination levels 

Nuclides= 
- 
A"erageb'c'f Removable b ” ‘f 

II-nat, U-235, U-238, and 
associated decay products 

5,000 dpm a/100 cm2 15,000 dpm a/100 cm2 1,000 dpm a/100 cm2 

Transuranics, Ra-226, Ra-228, 
Th-230, Th-228, Pa-231, 
AC-227, I-125, I-129 

100 dpm/lOO cm’ 300 dpm/lOU cm2 20 dpm/lO& cm2 

Th-nat , Th-232, Sr-90 
Ra-223, Ra-224, U-232, I-126, 
1-131, I-133 

1,000 dpm/lOO cm2 3,000 dpm/lOO cm2 200 dpm/lOO cm* 

Beta-gamma emitters (nuclides 
vith decay modes other than 

5,000 dpm Ry/lOO cm2 15,000 dpm Rv/lOO cm2 1,000 dpm &/lOO cm2 

H alpha emission or spontaneous 
H fission) except Sr-90 and 
I other noted above. 

z 
03 

khcrc surface contamination by both alpha- and beta-gamma-emitting nuclidcs exists, 
and beta-gamma-emitting nuclides should apply independently. 

the limits established for alpha- 

b 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 observed by an appropriate detector for background, efficiency, and geometric 
factors associated with the instrumentation. 

‘Measurements of average contaminant should not be averaged over more than 1 square meter. 
area, the average should be derived for each such object. 

For objects of less surface 

Ld The maximum contamination level applies to an arca of not more than 100 cm’. 

eThe amount of removable radioactive material per 100 cm* 
dry filter or soft absorbent paper, applying moderate pressure, 

of surface area should be determined by wiping that area with 

with an appropriate instrument of known efficiency. 
and assessing the amount of radioactive material on the wipe 

When removable contamination on objects of less surface area is 
determined, the pertinent levels should be reduced proportionally and the entire surface should be wiped. 

f The average and maximum radiation levels associated with surface contamination resulting from beta-gamma emitters 
should not exceed 0.2 mrad/hr at 1 cm and 1.0 mrad/hr at 1 cm, respectively, measured through not more 
per square centimeter of total absorber. 

&han 7 milligrams 
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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 shali 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 IV-2 or Table IV-3. (Table IV-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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Table IV-Z. Surface contamination limits 

The levels may be averageda over the 1 m2 provided the maximum activity 
in any area of 100 cm' is less than 3 times the limit value. 

Nuclide 

Groug 1: Nuclides for which the nonoccupational 
MPC is 2 x lo-l3 CA/m3 or less or for which the 
non%ccupational MPC is 2 x 10e7 Ci/m3 or less; 
includes AC-227; Amw241; -242m, -243; Cf-249; 
-250, -251, -252; Cm-243, -244, -245, -246, -247, 
-248; I-125, -129; Np-237; Pa-231; Pb-210; Pu-238, d 
-239, -240, -242, -244; Ra-226, -228; Th-228, -238. 

Group 2: Those nuclidesbnot in, Group 1 for3which 
the nonoccupational MPC is 1 x 10' 2 Ci/s or 
less or for which the n&occupational MPC is 
1 x 1o-6 Ci/m3 or less; includes Es-254; WFm-256; 
I-126,d-131, -133; PO-210; Ra-223; Sr-90; Th-232; 
U-232. 

Group 3: Those nuclides not in Group 1 or 
Group 2. 

Limit (activity) 
dpm/lOO cm2 

Total Removable 

100 20 

1000 200 

5000 1000 

aSee note following table on applications of limits. 

bHPC : Maximum Permissible Concentration in Air applicable to 
continuoug 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. 

d Values presented here are obtained from 10 CFR Part 20. The most 
limiting of all given MPC values (e.g., soluble vs. insoluble) are to be 
used. 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 IV-3. Alternate surface contamination limits 

(All alpha emitters, except U-nat a;$ Th-nat are considered as a group.) 
The levels may be averaged over 1 m 
any area of 100 cm2 

provided the maximum activity in 
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 
are present; or if the beta emitters comprise 
AC-227, Ra-226, Ra-228, I-125, and I-129. 

100 20 

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. 

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. 

1000 

5000 

200 

1000 

aNote on application of Tables IV-2 and IV-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 s;ctions, it 
is determined that l/n 6;Si > L, where Si is the dpm/lOO cm determined - 
from measurement of section i; or 

b. On surfaces less than 1 m2, it is determined that l/n SSi > 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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SURGEON GENERAL'S GUIDELINES 
Part 712 

Grand Junction Remedial Action Criteria 

Federal Register, Vol. 41, No. 253, pp. 56777-8, Thursday, December 30, 1976 

PART 712 - GRAND JUNCTION 
REMEDIAL ACTION CRITERIA 

712.1 Purpose 

(a) The regulations in this part establish the criteria for deter- 

mination by ERDA of the need for, priority of, and selection of appropriate 

remedial action to limit the exposure of individuals in the area of 

Grand Junction, Colo., to radiation emanating from uranium mill tailings 

which have been used as construction-related material. 

(b) The regulations in this part are issued pursuant to Publ. L. 

92-314 (86 Stat. 222) of June 16, 1972. 

712.2 Scope 

The regulations in this part apply to all structures in the area of 

Grand Junction, Colo., under or adjacent to which uranium mill tailings 

have been used as a construction-related material between January 1, 1951, 

and June 16, 1972, inclusive. 

712.3 Definitions 

As used in this part: 

(a) "Administrator" means the Administrator of the Energy Research 

and Development Administration or his duly authorized representative. 

Cb) "Area of Grand Junction, Cole.," means Mesa County, Colo. 

(cl "Background" means radiation arising from cosmic rays and 

radioactive material other than uranium mill tailings. 

Cd) "ERDA" means the Energy Research and Development Administration 
or duly authorized representative thereof. 

69 "Construction-related material" means any material used in 

the construction of a structure. 
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(0 “External gamma radiation level” means the average gamma 

radiation exposure rate for the habitable area of a structure as measured 

near floor level. 

w “Indoor radon daughter concentration level” means that con- 

centration of radon daughters determined by: (1) averaging the results 

of 6 air samples, each of at least 100 hours duration, and taken at a 

minimum of 4-week intervals throughout the year in a habitable area of a 

structure, or (2) utilizing some other procedure approved by the 

Commission. 

(h) “MilliRoentgen” (mR) means a unit equal to one-thousandth 

(l/1000) of a Roentgen which Roentgen is defined as an e.xposure dose of 

X or gamma radiation such that the associated corpuscular emission per 

0.001293 gram of air produces, in air, ions carrying one electrostatic 

unit of quantity of electricity of either sign. 

W “Radiation” means the electromagnetic energy (gamma) and the 

particulate radiation (alpha and beta) which emanate from the radio- 

active decay of radium and its daughter products. 

(jl “Radon daughters” means the consecutive decay products of 

radon-222. Generally these include Radium A (polonium-218), Radium B 

(lead-218)) Radium C (bismuth-214)) and Radium C’ (polonium-214). 

01 “Remedial action” means any action taken with a reasonable 

expectation of reducing the radiation exposure resulting from uranium 

mill tailings which have been used as construction-related material in 

and around structures in the area of Grand Junction, Colo. 

(1) “Surgeon General’s guidelines” means radiation guidelines 

related to uranium mill tailings prepared and released by the Office of 

the U.S. Surgeon General, Department of Health, Education and Welfare on 

July 27, 1970. 

00 TJranium mill tailings” means tailings from a uranium mill 

operation involved in the federal uranium procurement program. 

@I “Working Level” (WL) means any combination of short-lived 

radon daughter products in 1 liter of air that will result in the 

ultimate emission of 1.3 x 10’ MeV of potential alpha energy. 

II-114 
I- 



‘61 

712.4 Interpretations 

Except as specifically authorized by the Administrator in writing, 

no interpretation of the meaning of the regulations in this part by an 

officer or employee of ERDA other than a written interpretation by the 

General Counsel will be recognized to be binding upon ERDA. 

712.5 Communications 

Except where otherwise specified in this part, all communications 

concerning the regulations in this part should be addressed to the 

Director, Division of Safety, Standards, and Compliance, U.S. Energy 

Research and Development Administration, Washington, D.C. 20545. 

712.6 General radiation exposure level criteria for remedial action 

The basis for undertaking remedial action shall be the applicable 

guidelines published by the Surgeon General of the United States. These 

guidelines recommend the following graded action levels for remedial 
action in terms of external gamma radiation level (EGR) and indoor radon 

daughter concentration level (RDC) above background found within dwellings 

constructed on or with uranium mill tailings: 

EGR RDC 

Greater than 0.1 Greater than 
mR/hr 0.05 WL 

From 0.05 to 0.1 From 0.01 to 
mR/hr 0.05 WL 

Less than 0.05 Less than 0.01 
mR/hr WL 

Recommendation 

Remedial action indicated 

Remedial action may be 
suggested 

No remedial action 
indicated 

712.7 Criteria for determination of possible need for remedial action 

Once it is determined that a possible need for remedial action 

exists, the record owner of a structure shall be notified of that 
structure’s eligibility for an engineering assessment to confirm the 

need for remedial action and to ascertain the most appropriate remedial 
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measure, if any. A determination of possible need will be made if as a 

result of the presence of uranium mill tailings under or adjacent to the 
structure, one of the following criteria is met: 

(a) Where ERDA approved data on indoor radon daughter concentration 

levels are available : 

(1) For dwellings and schoolrooms: An indoor radon daughter 

concentration level of 0.01 WL or greater above background. 

(2) For other structures: An indoor radon daughter concentration 
level of 0.03 WL or greater above background. 

(b) Where ERDA approved data on indoor radon daughter concentration 

levels are not available: 

(1) For dwellings and schoolrooms: 
(i) An external gamma radiation level of 0.05 mR/hr or greater 

above background. 
(ii) An indoor radon daughter concentration level of 0.01 WL or 

greater above background (presumed). 
(A) It may be presumed that if the external gamma radiation level 

is equal to or exceeds 0.02 mR/hr above background, the indoor radon 

daughter concentration level equals or exceeds 0.01 WL above background. 

(B) It should be presumed that if the external gamma radiation 

level is less than 0.001 mR/hr above background, the indoor radon daughter 

concentration level is less than 0.01 WL above background and no possible 

need for remedial action exists. 

(C) If the external gamma radiation level is equal to or greater 

than 0.001 mR/hr above background but is less than 0.02 mR/hr above 

background, measurements will be required to ascertain the indoor radon 

daughter concentration level. 

(2) For other structures : 

(i) An external gamma radiation level of 0.15 mR/hr above back- 

ground averaged on a room-by-room basis. 
(ii) No presumptions shall be made on the external gamma radiation 

level/indoor radon daughter concentration level relationship. Decisions 
will be made in individual cases based upon the results of actual measure- 

ments. 
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712.8 Determination of possible need for remedial action where 

criteria have not been met 

The possible need for remedial action may be determined where the 

criteria in 712.7 have not been met if various other factors are present. 

Such factors include, but are not necessarily limited to, size of the 

affected area, distribution of radiation levels in the affected area, 

amount of tailings, age of individuals occupying affected area, occupancy 

time, and use of the affected area. 

712.9 Factors to be considered in determination of order or priority 

for remedial action 

In determining the order or priority for execution of remedial 

action, consideration shall be given, but not necessarily limited to, 

the following factors: 

(a) Classification of structure. Dwellings and schools shall be 

considered first. 

(b) Availability of data. Those structures for which data on 

indoor radon daughter concentration levels and/or external gamma radi- 

ation levels are available when the program starts and which meet the 

criteria in 712.7 will be considered first. 

(c) Order of application. Insofar as feasible remedial action 

will be taken in the order which the application is received. 

(d) Magnitude of radiation level. In general, those structures 

with the highest radiation levels will be given primary consideration. 

(e) Geographical location of structures. A group of structures 

located in the same immediate geographical vicinity may be given priority 

consideration particularly where they involve similar remedial efforts. 

(f) Availability of structures. An attempt will be made to schedule 

remedial action during those periods when remedial action can be taken 

with minimum interference. 

(g) Climatic conditions. Climatic conditions or other seasonable 

considerations may affect the scheduling of certain remedial measures. 
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712.10 Selection of appropriate remedial action 

(a) Tailings will be removed from those structures where the 

appropriately averaged external gamma radiation level is equal to or 

greater than 0.05 mR/hr above background in the case of dwellings and 
schools and 0.15 mR/hr above background in the case of other structures. 

(b) Where the criterion in paragraph (a) of this section is not 

met, other remedial action techniques, including but not limited to 

sealants, ventilation, and shielding, may be considered in addition to 

that of tailings removal. ERDA shall select the remedial action tech- 

nique or combination of techniques, which it determined to be the most 

appropriate under the circumstances. 
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ENVIRONMENTAL PROTECTION AGENCY 
Title 40, Part 141 

Drinking Water Regulations--Radionuclides 

Interim Primary Drinking Water Regulations 
Promulgation of Regulations on Radionuclides 

Federal Register, Vol. 41, No. 133, pp. 28402-9, Friday, July 9, 1976 

Part 141.15 Federat Register 
Vol. 41, No. 133, p. 28404, Friday, July 9, 1976 

Maximum contamination levels for 226Ra, 22eRa, and gross alpha 

particle radioactivity. 
(a) Combined 226Ra and 22eRa - 5 pCi/liter. 
(b) Gross alpha particle activity (including 226Ra but excluding 

radon and uranium) - 15 pCi/liter. 
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EVALUATION OF RADIATION EXPOSURES AT m ‘* :---‘G- 
MIDDLESEX MUNICIPAL LANDFILL, MIDDL~~~sEx, NEW JERSEY 

The U.S. Department of Energy (DOE) has determined that the m&l+ 

Municipal Landfill in Middlesex, New Jersey, is presently COnt~inat& 

with naturally occurring radioactive residues. In 1948, this Z&acre 
site was used to deposit about 6000 cubic yards of soil contaminated 

with pitchblende ore (a naturally occurring mineral containing a high 

percentage of uranium). This contaminated soil had been moved to the 

landfill from the former Middlesex Sampling Plant by an authorized 

contractor. Results of an Atomic Energy Commission (AEC) survey in 1960 

revealed some higher-than-normal external gamma radiation levels over an 

area of approximately l/2 acre. This finding resulted in the removal of 

about 600 cubic yards of contaminated material. This cleaned area was 

subsequently covered with about 2 feet of clean fill dirt, thus lowering 

the external gamma radiation to approximately normal levels. 
During the period between 1960 and 1974, a tract of land of approxi- 

mately 5 acres was sold to the Middlesex Presbyterian Church and a 

building was constructed on the land. During weekdays, part of the 
building and grounds is currently used as a day care center for local 

children. The church and the Middlesex Municipal Building are located 

on the western edge of the site, and Bound Brook forms a border along 

the northern and northeastern edges of the site. The closest residence 

to the center of the area where contaminated material exists is approxi- 

mately 500 feet toward the south. 
Contamination at the Middlesex Municipal Landfill is due to under- 

ground deposits of naturally occurring radionuclides, principally 
uranium-238 and its decay products including, but not limited to, 

thorium-230 and radium-226. This contamination could result in slight 

radiation exposures to persons playing or working on the site. The area 

containing most of the contamination is not occupied at present; also, 

it is located at least 100 feet from both the church playground and a 
group of waste bins used by the local population for the disposal of 

refuse. Future plans for the site include its possible use as a municipal 

park. At the present time, approximately 15 children and several adults 
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use the church building and playground for about 30 hours per week. On 

Sunday, this building is occupied by approximately 100 persons for about 

3 hours. The municipal building, located on the western edge of the 

site, has an occupancy of approximately 600 man-hours per week by city 

employees. 

Radiation exposures to temporary occupants of the site result from 

two primary sources: inhalation of radon gas.and its decay products 

which exist in air and gamma radiation emitted by the contamination in, 

the soil. Additional exposures from ingestion (e.g., eating or drinking 

while occupying one of the contaminated areas) are relatively small as 

compared with inhalation and direct gamma radiation. However, the 

presence of small pieces of uranium-bearing ore at or near the ground 

surface could pose a potential for direct ingestion by small children. 

The radionuclides which comprise the contamination at the landfill 

site are present in minute quantities throughout our environment. Con- 

centrations 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. 

The use of radioactive materials for scientific, industrial, or 

medical purposes may cause radiation exposures above the background 

level to be received by workers in the industry and, to a lesser extent, 

by members of the general public. Scientifically based guidelines have 

been developed to place an upper limit on these additional exposures. 

Limits established for exposure to the general public are much lower 

than the limits established for workers in the nuclear industry. 

Temporary occupants of the church and municipal building on the 

strip of land which borders the Middlesex Municipal Landfill are receiving 

radiation exposures which are indistinguishable from background exposures. 

In no case would an exposure in this area approach guidelines for 

limiting exposure to the general public. Present exposures are sum- 

marized and are compared numerically with guidelines and background 

radiation in the accompanying Table V-l. 
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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 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, this would only be one-quarter curie of 

uranium-238, etc. As the uranium-238 decays, it changes into another 

substance--thorium-234. Thorium-234 is called the ltdaughtertt 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-2 

until stable lead is formed. The “decay product” listed in this table 

is the radiation produced as the parent decays. 

Exposure to External Gamma Radiation 

As may be seen in Table V-2, several of the daughters of 

uranium-238 emit gamma radiation. (G-a rays are penetrating radiation 

like X-rays.) Hence, the contaminated areas represent sources of exter- 

nal gamma radiation exposure. Gamma exposure rates measured at 1 meter 

above the ground ranged from 4 to 32 microRoentgensi per hour. One 

small area (approximately 500 square feet), located in the center of the 

site, shows an average external gamma radiation level of 30 micro- 

Roentgens per hour at 1 meter above the ground. If this small area were 

to be occupied for 2000 hours per year (normal working hours), the 

resulting exposure would be equivalent to 60’,000 microRoentgens. For 

comparison, a typical chest X-ray (according to Department of Health, 

Education, and Welfare data) might yield an exposure of about 27,000 

microRoentgens. The background exposure rate in the Middlesex area 

ranges from 5 to 10 microRoentgens per hour with an average background 

*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. 

TThe Roentgen is a unit which is 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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rate of 8 microRoentgens per hour. The average exposure rate measured 
at the Middlesex Municipal Landfill was about 5 microRoentgens per hour. 

The National Council on Radiation Protection and Measurements (NCRP) 

has recommended a maximum annual whole body exposure rate of 500,000 
microRoentgens per year to an individual continually exposed in the 

general population; this corresponds to an exposure rate of 250 micro- 

Roentgens per hour for 2000 exposure hours. At the present time, there 
are no exposures at this site which exceed this guideline value. For an 
individual in the general public, this guideline is ten times lower than 

guidelines established for a worker in the nuclear industry. 

Inhalation of Radionuclides 

Radon-222, the daughter of radium-226 (as shown in Table V-2) is an 

inert gas which may leave the soil and enter the atmosphere. The average 
daily concentration of radon-222 was 0.04 picocurie* per liter of air 

measured at the municipal building over a ‘I-day period in May, 1978. At 
approximately the same time, the average daily concentration of 

radon-222 was 0.06 picocurie per liter of air measured at the Parker 

Schoo 1. The Parker School is reasonably representative of area background. 

Thus, radon-222 concentrations attributable to the landfill site are 

comparable to those caused by background radioactivity. 
Radioactive decay of radon-222 is rapid (days) and its decay gives 

rise to short-lived daughters as shown in Table V-2. Background con- 

centrations of radon daughters both inside and outside structures are 

typically less than 0.01 working level WJ) l The average concentration 

of short-lived radon-222 daughters in air measured at the parking lot of 

the municipal building was less than 0.001 working level. Consequently , 

exposures to radon-222 and its daughters (due to material buried at this 

site) are insignificant as long as use of the site does not change. 

*One picocurie is one million-millionth of a curie, previously 
defined. 

t The working level is a unit which is defined for radiation 
protection purposes for uranium miners. It represents a specific level 
of energy emitted by the short-lived daughters of radon. 

j- 
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It is further estimated that radon levels in the air of a structure 

(concrete slab or with crawl space) built directly over soil containing 

the bulk of the contamination could approach 0.8 picocuries per liter 

which is similar to indoor levels of background radon-222. This level 
would be expected to yield radon daughter concentrations of about 0.004 

working leve 1. If structures with basements were built in the same 

contaminated area, resulting radon daughter concentrations could be 

significantly greater. Although no such structures exist at the present 

and none are planned for the immediate future, nothing definitive can be 

said at this time regarding long-range land-use plans. 

Studies of the health of uranium and other hard-rock miners have 

established that inhalation of large quantities of radon daughters over 

long periods of time increases an individual’s risk of contracting lung 

cancer. The present federal guide value for uranium mine workers (given 
by the Environmental Protection Agency [EPA]), when translated to the 

units discussed here, would limit mine workers to an exposure of 0.33 

working level throughout the normal work period of 2000 hours per year. 

This guide value is significantly lower than the exposures received by 
most of the miners included in the health studies mentioned above. 

Other Considerations of Exposure 

Both groundwater and water from Bound Brook were sampled and 

analyzed for a variety of radionuclides. All samples had radionuclide 

concentrations well below the recommended values set forth in 10 CFR 20” 

for water consumed by the general public. 
Radiation measurements and soil samples taken along Bound Brook on 

the site indicate that small amounts of contaminated material may have 

migrated toward the brook from the area containing the highest levels of 
contamination. 

While no crops are currently grown on this site, use of the contami- 

nated soil for such a purpose could produce additional human exposure 

*Title 10, Code of Federal Regulations, Part 20, is a regulatory 
document published by the Nuclear Regulatory Commission and may be found 
in the Federal Register. 
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through consumption of crops which have incorporated radioactive materials 

(e.g., radium-226). Actions which involve considerable scraping or 

tilling of dry soil could lead to human exposure through inhalation of 

airborne radioactive dust. 

Use of this site or its residues for residential construction could 

result in continuous exposures to radon daughters which are in excess of 

guide line values. 

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: 

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 inconveni- 

ence 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. 

An 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 appro- 

priate 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 ten times higher than that for a nonsmoker. 
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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 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 cancers in the relatively small 

population being exposed at the Middlesex Landfill site. 

The normal annual death rate from lung cancer for all population 

groups in Middlesex County (as of 1970) was 29.4 deaths per 100,000 

population; in Somerset County (as of 1970), the rate was 26.0 deaths 

per 100,000 population. At the same time, the annual death rates from 

lung cancer for all population groups in the United States and the state 

of New Jersey were 21.1 and 25.7 deaths per 100,000 population, 

respectively. A one-year exposure to the guideline value for uranium 

miners (0.33 working level for 2000 hours) might increase the risk of 

death due to lung cancer by approximately four percent. 

The annual death rate from all types of cancer among all population 

groups in Middlesex County (as of 1970) was 184 deaths per 100,000 

population; in Somerset County (as of 1970), the rate was 160 deaths per 

100,000 population. At the same time, the death rates from all types of 

cancer for all population groups in the United States and in the state 

of New Jersey were 151 and 175 per.lOO,OOO 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. 
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Remedial Measures 

The small radiation exposures at the Middlesex Municipal Landfill 

are attributable to the presence of contaminated soil and materials 

buried within the soil. Contamination on the surface appears to be 

confined to a small area of approximately 500 square feet. The small 

exposures which presently exist, as well as more serious potential 

exposures, could be alleviated by removal of the contaminated material 

or by covering the contaminated area with several feet of uncontaminated 

soil. The DOE is now actively evaluating alternatives under a priority 

program designed to assure adequate public protection. 

Summary 

The Middlesex Municipal Landfill is contaminated with buried 

materials containing naturally occurring uranium-238, radium-226, and 

their daughters. Current radiation exposures are not appreciably dif- 

ferent from background exposures; However, the underground contamination 

poses the potential for producing elevated levels of human exposure if 

future activities at the site were to uncover pieces of uranium ore at 

or near the ground surface, or result in the construction of buildings 

over the contaminated area. The DOE has developed a coordinated plan 

which addresses the specific problems at the Middlesex Landfill site and 

other formerly utilized MED/AEC sites. Current ly , work is underway to 

implement the elements of this plan. 
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Table V-l. Summary of exposure data at the Middlesex Municipal Landfill, kliddlesex, New Jersey 

Exposure source Background Guideline value Guideline value for Average levels at 
levels for general public radiation workers Middlesex Municipal Landfi 11 

Radon in air 

Radon daughters 
in air 

l-l 
H 
I Gamma radiation 

13 from dcca) 
w products of 

radium and 
uranium 
contriminat ion 

Less than one 
picocurie’ per 
liter of air 

Less 
0.01 
leve 

than 
orking 

8 mi cro- 
RoentgensC 
per hour in 
the Middlesex 
area 

Continuous exposure 
to 3 picocuries per 
liter of air 

0.01 working level 
for residences and 
school rooms, and 
0.03 working level 
for other structures 

250 microRoentgens 
per hour above 
natural background 
for 40 hours per week 
and 50 weeks per year 
for an individual in 
the general public. 
This is equivalent to 
0.5 Roentgen per year 

I f 

Exposure for 40 hours 
per week and 50 weeks 
per year to 30 pico- 
curies per liter of 
air 

0.33 working level 
for uranium miners 
exposed for 40 hours 
per week and 50 weeks 
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 daytime concentra- 
tion measured on roof of 
Municipal Building was 0.04 
picocurie per liter of air 

Average concentration 
measured on parking lot of 
Municipal Building was less 
than 0.001 working level 

Average gamma radiation 
level 1 meter above the 
ground was abouG 5 micro- 
Roentgens per hour. One 
small area averaged 30 
microRoentgens per hour 

“The picocurie is a unit which was defined for expressing the amount of radioactivity present in a 
substance. 

b The working level is a unit which was defined for radiation protection purposes for uranium miners. 
It represents a specific level of energy emitted by the short-lived daughters of radon. 

“The Roentgen is a unit which was defined for radiation protection purposes for people exposed to 
pcnct rating gamma radiation. A microRoentgen is one-millionth of a Roentgen. 
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Table V-2. Uranium-238 decay series 

Parent Half-life Decay products Daughter 

uranium-238 

thorium-234 

protactinium-234 

uranium-234 

thorium-230 

radium-226 

radon-222 

polonium-218' 

lead-214a 

bismuth-214a 

polonium-214a 

lead-210 

bismuth-210 

polonium-210 

lead- 206 

4.5 billion years 

24 days 
1.2 minutes 

250 thousand years 

80 thousand years 

1600 years 

3.8 days 

3 minutes 

27 minutes 

20 minutes 

2 
10,000 second 

22 years 

5 days 

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 
I 

beta 

beta 

alpha 

none 

lead-210 

bismuth-210 

polonium-210 

lead-206 

none 

aShort-lived radon daughters. 
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SECTION II 

U.S. ATOMIC ENERGY COMMISSION 
RADIATION SURVEY REPORT FOR THE BOROUGH OF 

MIDDLESEX MUNICIPAL LANDFILL SITE 
JUNE, 1974 

PREFACE 

This radiological survey was conducted by the Atomic Energy 

mission (AEC) in 1974, and a limited number of copies were distri- 

buted. This printing represents a second edition for wider distribution. 

This effort was a prelude to the current Department of Energy program 

for determination of the radiological condition of sites formerly 

utilized by the Manhattan Engineer District (MED) and the AEC for work 

involving the handling, storage, or disposal of radioactive materials. 

In 1974, the findings of the AEC survey indicated the presence of 

radioactivity in the landfill site; however, it represented no measurable 

radiation health or safety problem as the property was being utilized at 

that time. Major excavation or development of the site in the future 

could pose a potential for radiation exposure that could, under certain 

circumstances, exceed radiation protection standards for the general 

public. Such potential for radiation exposure would be of a low level 

and could be dealt with at the time of planning and development without 

risk to the public health or undue interference in development activities. 

From that long-range point of view, the AEC iuggested to the Borough of 

Middlesex that the property record be appropriately flagged to provide 

assurance in the future that these considerations are recognized and 

evaluated in connection with requests for building permits or other 

possible real property zoning and land use. 
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SECTION II 

U.S. ATOMIC ENERGY COMMISSION 
RADIATION SURVEY REPORT FOR THE BOROUGH OF 

MIDDLESEX MUNICIPAL LANDFILL SITE 
JUNE, 1974 

INTRODUCTION AND SUMMARY 

At the request of the Division of Operational Safety, Atomic Energy 

Commission (AEC) Headquarters, a radiological survey of certain adjoining 

properties belonging to the Borough of Middlesex, New Jersey, and the 

Middlesex Presbyterian Church was made during the period March 25 to 

April 4, 1974. The historical background leading to the requested 
survey is discussed in a later section of the report. An area of approxi- 

mately 3 acres was found to contain subsurface deposits of radioactivity 

ranging from about 3 to 60 times naturally occurring gamma background 
levels. This area is approximately half on Borough property and half on 

church property. The deposits were found to exist at depths ranging 

from less than 1 ft to 18 ft. Over 100 soil samples from 39 core holes 

were taken and analyzed for radium, uranium, and thorium at the New 
Brunswick Laboratory. An average radium concentration over the 3-acre 

area was found to be about 11 pCi/g with localized maximum levels up to 

140 pCi/g. 

Surface gamma measurements were found to be within the range of 

normal background variations except in a small area (cl00 ft2) where the 

contaminated residual is located near the surface. This area is on 

Borough property presently used as a sanitary landfill. 

Radon samples were taken over the suspect area and inside the 

church building and compared with background radon levels from off-site 

areas. Only those samples taken in the area having elevated surface 

gamma readings were significantly above background levels (i.e., about 
an order of magnitude higher). No evidence of elevated radon was found 

inside the church building. 

Preliminary survey findings were discussed by AEC representatives 
with the Mayor of Middlesex Borough at the time of the on-site survey. 

No such discussion was held with church representatives. Representatives 
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from the MiddZesex Chronicle newspaper and radio-TV station WCTC, New 

Brunswick, made inquiries during the initial phases of the on-site 

survey. In response, it was indicated that survey findings would be 

made public when the analytical work was completed. 

CONCLUSIONS 

Findings of this survey appear to support the following conclusions: 

1. 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. 

2. The exposure of individuals at or exceeding AEC 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. 

HISTORICAL BACKGROUND 

In 1948, dirt contaminated with pitchblende ore was removed from 

the Middlesex Sampling Plant site to the Middlesex Municipal Landfill by 

a contractor during construction of an asphalt pad, 

In May, 1960, during a local civil defense (CD) exercise, CD monitors 

detected elevated radiation levels in the landfill and questioned the 

source of the radioactive material. 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 likely 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 l/2 acre. 

Meetings were held with local officials in November, 1960, to 

discuss the significance of survey findings and to offer remedial 

assistance. The AEC subsequently removed the part of the material 
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nearest the surface (about 650 yd3) and covered the area with about 2 ft 

of clean dirt-- sufficient to reduce surface radiation levels to about 

50 uR/hr. Upon assurance by the ARC that no health hazard existed, 

Borough officials agreed the situation was satisfactory. No official 

record of the residual contamination exists in available Borough records. 

On January 30, 1974, a meeting was again held with Middlesex Borough 

officials to request permission to resurvey the involved area to permit 

reevaluation of current conditions. It was learned that about 5 acres 

previously a part of the landfill had been sold to the Middlesex 

Presbyterian Church and a church building erected thereon. Location of 

the suspect area, as recollected by “old timers” at the Borough, was 

near the boundary between church and dump properties. The accuracy of 

this information has been subsequently confirmed by survey data. At 

this meeting, the press was informed of AEC survey plans and briefed on 

the history surrounding the suspected contamination. 

Description of the Area Surveyed 

The area bounded by Mountain Avenue, Pershing Avenue, Westminister 

Street, and Bound Brook is shown in Fig. 1. In 1948, the time when it 

is suspected that contaminated soil was disposed of at the landfill, 

essentially all of the area was designated as a landfill site for the 

Borough of Middlesex. 

Subsequent to the 1961 AEC cleanup action, a 5-acre plot was sold 

to the Middlesex Presbyterian Church and a’building constructed. It was 

understood from discussions with local people familiar with the history 

of the site that the church and municipal building were constructed on 

%onfill” or solid ground. 

In 1948, the landfill area was essentially a gully from the brook 

to within 100 to 200 ft of Mountain Avenue. The area is now, for the 

most part, level to within about 100 ft of the brook--indicating the 

amount of fill which has been deposited. Bound Brook flood plain elevation 

is about 15 ft below Mountain Avenue. The surface of the landfill has 

reportedly risen 8 to 10 ft since 1961. Findings from the gamma scanning 

of core holes confirm the presence of contaminated material at successively 

greater depths as one goes away from blountain Avenue toward the brook. 
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The current landfill site lies to the south and southeast of the 

Presbyterian Church property and is expected to reach final elevations 

and terminate operation in 1974. Borough plans for the site are reportedly 

contingent on the availability of federal funds. If funds become 

available, a park-recreation area may be developed in the present land- 

fill area. 

SURVEY FINDINGS 

Surface Gamma Survey 

Figure 2 shows a schematic of the area covered by systematic 

traverses of areas presently or formerly used for landfill disposal. 

Other areas around the buildings and parking lots which were not ame- 

nable to such systematic traverses were surveyed and found to be 

generally in the background range of 9 to 11 pR/hr. Asphalt parking 

areas tended to measure somewhat lower (i.e., 7 to 9 uR/hr). 

Core holes 1, 2, and 6 (see Fig. 3) were drilled to explore areas 

with elevated gamma readings (i.e., 80 nR/hr, 17 pR/hr, and 30 nR/hr, 

respectively). Drillings confirmed the presence of contaminated mate- 

rial near the surface. Core hole 34 was drilled at the other location 

of elevated reading (i.e., 20 uR/hr), and no significant subsurface 

contamination was found. Core holes 7 and 20, with normal background 

readings at the surface, revealed substantial deposits of radioactive 

materials at depths from 2 to 4 ft. Hence, it is apparent that surface 

readings are not a conclusive measurement unless the deposit is very 

near the surface. 

Radon Survey 

Radon surveys were conducted by the AEC Health and Safety Laboratory 

(HASL) . The intended purpose of the radon survey was to assist in 

identifying the location of contaminated material in the dump site. As 

with the surface gamma survey, the radon data are not conclusively 

indicative for deeper deposits. Extension of the interpretation of 

radon survey data for other purposes such as the estimation of potential 

radon sources affecting future construction in the area is not attempted. 
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Background T *adon emanation within a 

measured by HASL reve aled fluctuations Ul 
measurements are made by sealing a “f 1 ux 

few 

3 to 

can’ 

a factor of six. 

’ to the ground an 

sampling period of 30 min, transferring the trapped air from the can to 

a radon scintillation chamber. Radon emanation rate may then be calcu- 

lated in curies per unit area per unit time. Comparison with similar 

type measurements made in the suspect area showed some samples to be 

above the reference off-site background range. All but one of the 

elevated samples are in the small area with surface radiation levels of 

20 to 30 pR/hr and are about 10 to 20 times concurrent off-site radon 

levels. The other elevated sample, which showed an emanation rate about 

twice the maximum background levels, was from an area with surface gamma 

readings of 14 to 15 pR/hr. 

Radon and radon daugher measurements made in the church building 

were indistinguishable from naturally occurring levels. 

Subsurface Survey 

Thirty-nine core holes were drilled as shown in Fig. 3. Each hole 

was scanned with a shielded Geiger-Mueller (G-M) probe, and gamma 

radiation readings are tabulated in Table 1. The maximum radiation 

level detected was about 0.6 mR/hr. Contaminated material was detected 

over an area of about 3 acres as shown by the shaded area on Fig. 1. 

Contamination was found to exist over this area in a layer generally 3 

to 5 ft in thickness and at depths from less than 1 ft to about 18 ft. 

Two typical cross sections through the contaminated area are illustrated 

in Figs. 4 and 5. It is roughly estimated that between 15-20,000 yd3 

of contaminated material may exist in this area. If so, an obvious 

dilution of the remaining 6000 yd 3 hauled here in 1948 has occurred. It 

should be pointed out that in this report “contaminated” refers to areas 

where gamma radiation readings in core holes exceed 50 cpm. This 

represents about three times observed background levels in the core 

holes (i.e., 20 uR/hr). Selection of this criterion is based solely on 

the fact that the level is sufficiently above field instrument sensitivity 

and beyond the range of background fluctuations to allow some degree of 

confidence that the suspect radioactive material is present. The 
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criterion is not selected to suggest that higher levels represent a 

health hazard. 

Soil samples were analyzed by the New Brunswick Laboratory for 

uranium, thorium, and radium concentrations. 

Table 2 is a compilation by core hole of the analytical results. 

It is noted that radium concentrations over the 3-acre area average 

about 11 pCi/g with the maximum observed to be 140 pCi/g. Naturally 

occurring radium in area soil is about 1 pCi/g (NYO-1521). Uranium 

levels up to 280 ppm were found. This compares with the 10 CFR 40 de 

minimus concentration of 500 ppm. Uranium concentrations appear to 

track consistently with radium concentrations as one would expect. 

Thorium concentrations are not appreciably different from general back- 

ground levels reported to EPA (ORP/SID 72-l). 

Soil samples were collected along the brook to assess any run off 

from the contaminated residual. Grass was also collected in the vicinity 

of core hole 20 for analysis. These analytical data are included in 

Table 2. 

Evaluation of Data 

Two conditions require evaluation to permit an understanding of the 

health and safety implications of radioactive material remaining in the 

landfill site. 

l Case 1 - What is the potential for radiation exposure to indi- 

viduals assuming the area remains undeveloped or otherwise 

undisturbed by excavation below the existing surface? 

l Case 2 - What is the potential radiation exposure to individuals 

if the area is developed and subsurface deposits are disturbed 

and/or exposed? 

Case 1 suggests a situation which may exist at the site for at most a 

few years. The present landfill site is expected to terminate operation 

in the immediate future. The part of the church property which contains 

radioactive material will likely have a development potential independent 

of that of the Borough Landfill but equally as unpredictable at this 

time. 
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It is clear, however, that for as long as Case 1 conditions exist 

the credible potential for gamma radiation or radon exposure approaching 

a fraction of the AEC population guides is negligible. Certainly no 

health hazard attributable to the radioactive deposit can be imagined 

for Case 1. 

For the conditions anticipated for Case 2, one must consider the 

additive exposure effect of gamma radiation levels existing at the site 

and the radon concentrations which emanate from residual radium deposits. 

Projected external gamma exposure from maximum residual radiation 

levels (0.6 mR/hr) could be on the order of 5 rem/year if one assumed 

continuous occupancy and ignored the practicalities of geometry, attenu- 

ation, and radiation f ie Id averaging. One may allow at least a factor 

of 0.1 reduction to account for these parameters and retain some margin 

of conservatism. Thus, exposure at the 0.5 rem/year level may be con- 

sidered possible under very limited circumstances. Further reduction of 

this projected exposure rate is probably possible; however, since no 

radiological control exists over the use of the site, it is considered 

inadvisable to rule out those circumstances which are, in fact, theoret- 

ically possible. 

Projected radon exposure becomes significant only if buildings are 

constructed in the contaminated area causing a concentration or buildup 

inside the structures. The following section provides a computation of 

radon buildup in a house assuming soil concentrations on the order of 

100 pCi/g. Based on soil analyses in Table 2, this level must be 

considered credible. 

THEORETICAL IMPACT OF RADIATION RESIDUAL ON RADON LEVELS IN 
FUTURE CONSTRUCTION AT THE MIDDLESEX MUNICIPAL LANDFILL SITE 

Statement of Problem 

This section develops a theoretical calculation of the radon levels 

that would be expected in the baseline of a house constructed on the 

Middlesex Borough Municipal Landfill site and subject to the effects of 

a residual concentration such as that which remains in the 3-acre area 

identified by the 1974 AEC-OR survey of the landfill. 
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Statement of Basic Assumptions 

I-- 

1. Regarding the prevailing radium concentration: Soil analyses 

over the 3-acre area containing residual pitchblende contami- 

nation indicates an average radium concentration of about 

11 pCi/g. This compares to a naturally occurring background 

level of 1 pCi/g. For this calculation, to assure conservatism, 
the five highest soil samples have been averaged yielding a 

radium concentration of about 100 pCi/g. It is assumed that a 
house could be exposed to soil containing such a radium level. 

2. Regarding the hypothetical future house construction: It is 
assumed that the floor of the baseline is 8 ft below grade and 

dimensions of the basement are 60 x 30 ft. It is assumed that 
backfill around the basement wall extends 2 ft in the perpen- 

dicular direction out from the four basement walls, The 

backfill is assumed contaminated to a level of 100 pCi of 

radium per gram of soil. 

Utilizing these basic assumptions, the following calculation is 
made to attempt to predict radon levels in future housing which might be 

constructed on the landfill site. 

The source, S, of the radon will be the inventory of radium in the 

volume, V b, of backfill: 

S = Vb (100 pCi/g) 

‘b = (60' x 8' x 2') 2 walls + (30' x 8' x 2') 2 walls = 
3 x lo3 ft3 (1) 

p = 100 lbs/ft3 = density of backfill 

s= 3 x lo3 ft3 x 100 lbs/ft3 x 450 g/lb x 100 pCi/g = 13.5 mCi. 

Assuming the radon to be in equilibrium with the radium, there would be a 

total of 13.5 mCi of radon produced in the backfill. It is crudely 
estimated from geometrical considerations that about one-third of the 
radon produced or 4.5 mCi would enter the basement. 

Now the question becomes what is the maximum concentration of radon 

which will occur in the house assuming a minimum ventilation rate of 

one-half the building volume per hour. This ventilation rate is reported 
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by ORNL to be the lowest observed in their feasibility st 

contaminated natural gas usage in connection with Project 

Let 
N= the number of radon atoms at time, *, 

Cl = a constant .source of radon atoms, 

= 4.5 x 10-j Ci x 3.7 x 10” atoms/set = 1.7 x lo* atoms/set, 

c, = a rate at which radon atoms are removed via ventilation 

= O.S/hr = 1.4 x lO”/sec. 

Therefore, 

dN dt = Cl - AN - C,N. 

Where X is the radon decay constant, 

x 
0.693 

= 3.8 days x 24 hr/day x 3600 sec/hr 
= 2.1 x 10’6/sec. 

Since X is much less than C,, for purposes of this calculation, the 

radiological decay of radon will be neglected and the AN term in 

equation (2) drops out leaving 

d.N dt = Cl - C,N. 

Integrating equation (3) and solving for N gives 

Cl 
N = c [l - eXp(:C,t)]- 

2 

Let t” to represent an equilibrium condition 

N= 

= 

Cl 
c at equilibrium 

1.7 x 18* atomslsec = 1 2 x lo’2 . atoms of radon. 
1.4 x lo-‘/set 

The radon activity at equilibrium in the house will be 

N= 1.3 x 1o12 atoms x 2.1 x 10m6/sec = 7 x lo-5 Ci . 
3.7 x 10” atoms/set - Ci 

(21 

(3) 

(4) 

(6) 
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The equilibrium radon concentration, X, in the basement due to the 

radium inventory in the backfill is therefore 

x= 70 Ci 
volume of basement = 1.4 x 10m7 Ci/cc. 

This equals a working level concentration of 1.3 WL. 
It should be pointed out that, if the house were built without a 

basement upon a concrete slab on top of ground contaminated at the 

10 pCi/lg concentration, the radon levels in the house may be two to 

three times below this level. 

In the above calculations, no credit is taken for the attenuation 
of radon as it diffuses through the walls of the structure. 
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Fig. 1. Middlesex Municipal Landfill site. (Shaded area represents general lot 

where contaminated material was found during the 1974 survey.) 
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Fig. 2. Gamma radiation traverse of Middlesex Municipal Landfill taken 
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big. 3. Location of auger holes during the 1974 survey of the Middlesex Municipal Landfill. 
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Table 1. Kadiation profile of core holes, 
readings in counts per minute (CPM) 
2 .(I cmt 5 1 )IR/hr 

Ilole no. 1 2 3 4 5 6 7 8 9 10 11 I? 13 14 IS 16 17 
_ .___ - 

Surfacr 
elevation 
above the 
floodplain 
in ft 14.s.l 15.24 lb. 26 lb. 19 14.06 16.25 15.65 1S. I6 14.17 14.98 IS.U8 lS.UU 15.23 14.35 13.44 14.44 13.81 

Cana 
level, 
uK/hr. at 
3 ft ahovc 
hole 80 

llole - 
depth in ft 

0 700 

1 

2 270 

3 711 

4 

5 

6 40 

7 

8 

9 2s 

10 

11 40 

12 

13 

14 

15 

16 

17 

18 

17 

suo 

100 

so 

50 

30 

IS 8 11 30 11 

60 

170 

40 

4UU 

400 

BOO 

180 

21) 

31) 

111 

10 

10 

SO 

370 

5011 

b0 

70 

au 

40 

so 

so 

30 

3-l 

20 

10 

10 

I(1 

10 

10 

10 

hO 

270 

230 

200 

430 

1200 

1ouu 

370 

100 

100 

70 

40 

30 

30 

20 

30 

sn 

so 

500 

sou 

1700 

200 

60 

so 

SO 

30 

30 

30 

IS 

20 

150 

110 

110 

30 

30 

30 

10 

20 

911 

100 

100 

4U 

40 

SO 

70 

SO 

30 

40 

30 

11 

30 

20 

20 

20 

50 

20 

20 

30 

10 

20 

10 

10 

IO 

20 

20 

40 

20 

so 

3U 

50 

30 

30 

30 

20 

20 

20 

20 

30 

30 

20 

20 

20 

1’ - 

‘0 

40 

411 

21) 

1U 

30 

4U 

SO 

30 

40 

20 

20 

9 !I 

20 211 

31) 1U 

80 711 

100 60 

22n 1 so 

I20 170 

bU 70 

20 30 

10 20 

30 20 

2u 10 

50 IO 

30 20 

!I 

20 

40 

30 

SO 

50 

370 

130 

611 

ao 

50 

40 

30 

40 

4U 

9 

20 

20 

40 

240 

800 

480 

120 

110 

120 

110 

90 

100 

70 

20 

10 

20 

11 

20 

20 

10 

10 

10 

2U 

20 

10 

120 

80 

40 

130 

80 

60 
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Table 2. Core hole soil samples 

Sample 
Locat ion kc Ra pCi/g IJg u/ga ug Thlga 

Sample 
Location R8 pCi/g IJg u/go ug n/g= 

Hole 1 

o- I ft 
6- 8 ft 

10-12 ft 

Hole 2 

3- 5 ft 
6- 8 ft 
o-11 ft 

11-12 ft 

Hole 3 

6- 8 ft 
9-11 ft 

11-13 ft 
13-18 ft 

Hole 4 

6- 8 ft 
12 ft 

Hole 5 

13-20 ft 

Hole 6 

o- 2 ft 
2- s ft 
6-13 ft 

13-18 ft 
IS-20 ft 

Hole 7 

o- 2 ft 
2- 5 ft 

13-20 ft 

Hole 8 

o- 2 ftb 
l- s ft 
s- a ft 
8-13 ft 

Hole 9 

o- 2 ft 
2- 5 ft 
S- 8 ft 
8-13 ft 

Hole 10 

o- 2 ft 
2- s ft 
s- a ft 
8-13 ft 

Hole 11 

o- 2 ft 
S-13 ft 

25 40 5 
7 6 7 
3.9 3 8 

5.4 5 11 
1.2 2 8 
0.5 3 7 
0.1 19 9 

140 280 9 
28 40 9 

6 11 11 
3 7 11 

97 
13 

130 
15 

10 
10 

26 90 6 

13 40 a 
15 70 6 
5 6 7 
7.1 4 9 
2.5 3 7 

0.3 3 9 
60 60 a 
13 4 8 

33 
23 

9.5 
4.8 

8 

80 
40 
12 
a 

11 
18 
10 
19 

24 14 7 
19 30 12 

3.6 6 14, 
4.7 10 25 

co.1 
5.8 
5.7 
1.5 

2.4 
8.0 

11 
6 
s 
5 

7 
8 
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Hole 12 

o- 2 ft 
2- 8 ft 
8-13 ft 

Hole 13 

o- 2 ft 
t- 5 ft 
5- a ft 

llolc 14 -- 
o- 2 ft 
2- 5 ft 
S-10 ft 

10-12 ft 

Hole 15 

o- 2 ft 
t- 5 ft 
5- 8 ft 

Hole 16 

o- 2 ft 
8-12 ft 

15-20 ft 

Hole 17 

o- 1 ftb 
o- a ft 
8-20 ft 

Hole 18 

o- 2 ft 
IO-15 ft 
15-20 ft 

Hole 19 

o- 3 ft 
3- 8 ft 
8-13 ft 

13-18 ft 

Hole 20 

o- 3 ft 
3- a ft 
B-13 ft 

Hole 21 

o- 5 ft 
s- 8 ft 
8-13 ft 

13-18 ft 

Hole 22 

o- 3 ft 
3- 7 ft 

7.6 3 8 
1.8 3 7 
2 4 11 

1 3 7 
6 40 14 

10 17 20 

4.1 3 7 
9.9 17 25 
3.7 6 20 
3.6 3 6 

6.2 8 13 
9.0 12 10 

2s SO 15 

6 
12 

8.7 
2: 

9 

10 
9 
8 

Cl.0 
2.) 
7.3 

4 
3 

14 

12 
10 

S 

3.7 
4 
9.3 

3 
8 

12 

12 
7 
S 

7.7 3 13 
4.2 20 7 
6.1 7 15 
1.2 5 8 

11: 
5.8 

2.9 
S 

10 
3.3 

3.5 
3.4 

6 9 
200 6 

8 9 

4 
3 

15 
7 

1.5 
1.5 

3 
s 
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Table 2. Core hole soil samples (cont.) 

Samp 1 e 
Locat Ion 

Ra pCi/g ug u/ga ug Th/g” Sample 
Location Ra pCi/g ug u/g= ug Th/ga 

Hole 23 
o- 3 ft 
3- 8 ft 
a-13 ft 

Cl.0 
10 
a.3 

Hole 24 

o- 3 ft 
3- 8 ft 

5.0 
5.6 

Hole 25 
o- 3 ft 
3- a ft 
a-11 ft 

4.0 
4.2 
4.4 

Hole 26 
o- 3 ft 3.3 

Hole 27 
o- 3 ft 
3- a ft 

2.9 
4.4 

Hole 28 
o- 3 ft 
3- a ft 
a-13 ft 

3.4 
0.5 
S 

Hole 29 
o- 3 ft 
a-13 ft 

13-18 ft 

4.5 
4 

19 

Hole 30 
o- 3 ft 
3- a ft 
8-13 ft 

13-18 ft 

2.8 
1.7 
7 
3.3 

Hole 31 
o- 3 ft 
3- 8 ft 
8-13 ft 

6.7 
CO.1 

2.8 

Hole 32 
o- 3 ft 
3- 8 ft 
a-13 ft 

3 
KO.1 

4.7 

Hole 33 
o- 3 ft a.7 
3- 8 ft 3.7 
a-13 ft 5.2 

2 
7 
4 

2 
2 

4 
3 
2 

5 

3 
9 

2 
1 
7 

1.5 
S 

2s 

3 
2 
3 
2 

3 
11 

3 

4 
4 
2 

4 
2 
2 

5 
5 
6 

4 
4 

7 
6 
5 

6 

7 
9 

5 
9 
6 

4 
3 
7 

6 
11 
S 

6 
15 
7 

a 
6 
6 

Hole 34 
o- 3 ft 
3- a ft 
8-13 ft 

Hole 35 
o- 3 ft 
3- 8 ft 
a-13 ft 

Hole 36 
o- 3 ft 
3- a ft 
a-13 ft 

Hole 37 
o- 3 ft 
3- 8 ft 
a-13 ft 

Hole 38 
o- 7 ft 
7-13 ft 

Hole 39 
o- 8 ft. 
a-13 ft 

Creek 1 

on flood- 
plane N of 
hole 38 

Creek 2 

on flood- 
plane N of 
hole 38 

Creek 3 

on float- 
plane E of 
hole 26 

Creek 4 

On flood- 
plane E of 
hole S 

Grass at 
hole 20 

5.1 4 11 
Cl.0 4 7 

2.4 4 10 

3.9 2 7 
11 16 8 
5.3 9 5 

3.1 4 S 
7.6 17 7 

11 16 10 

3.5 
5.8 
0.8 

co.1 
4.1 

1.5 
9.5 

3.1 

3.5 

4.0 

4.6 

3.4 

2 
2 
2 

2 
5 

3 
4 

1.5 

1.5 

2 

1.5 

0.4 

4 
S 
S 

6 
5 

7 
7 

4 

3 

S 

4 

1.s 

aAccuracy of these values is estimated to be tZO%. 
b Sample from the original hole which could not be drilled beyond this depth. 
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Exhibit II (4) - NEPA Documents 

The documents listed below fulfill the NEPA requirements for the 
subject properties. They aLe included in this section of the 
docket. 

Page 

Argonne National Laboratory. Action Description 
Memorandum, Proposed 1984 Remedial Actions at 
Middlesex, New Jersey, Argonne, IL, April 27, 1984. II-153 

Memorandum, Franklin E. Coffman, Office of 
Terminal Waste Disposal and Remedial Action, 
Office of Nuclear Energy, Department of Energy, 
to File. "Action Description Memorandum (ADM) 
Review: Proposed 1984 Remedial Actions at 
Middlesex, New Jersey,*' September 7, 1984. II-209 
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ACTION DESCRIPTION MEMORANDUM 

PROPOSED 1984 REMEDIAL ACTIONS AT MIDDLESEX, NEW JERSEY 

Prepared by 

Environmental Research Division 
Argonne National Laboratory 

Argonne, Illinois 

-_ 

Draft: April 12, 1984 
Final: April 27, 1984 

^- 

NOTE: The remedial action guidelines 
contained in Appendix A to this 
report have been superseded by 
those contained in Appendix A 
to Exhibit I of the certification 
docket. 

Prepared for 

U.S. Department of Energy 
Oak Ridge Operations 

Technical Services Division 
Oak Ridge, Tennessee 
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1. SUMMARY OF PROPOSED ACTIONS AND RELATED ACTIVITIES 

Under the Formerly Utilized Sites Remedial Action Program (FUSRAP), the 
U.S. Department of Energy (DOE) proposes to carry out some remedial actions 
during 1984 at two sites in Middlesex, New Jersey (Figures 1.1 and 1.2). The 
proposed 1984 remedial actions include cleanup of radioactively contaminated 
materials located at the Middlesex Landfill and interim storage of these 
contaminated materials at DOE's Hiddlesex Sampling Plant site. 
proposed actions include: 

The major 

l Excavation of approximately 14,000 m3 (18,000 yd3)* of landfill 
materials, of which about one-third (4,600 m3 16,000 yd3])* is 
expected to be radioactively contaminated. (These wastes are 
expected to be co-contaminated with hazardous chemicals.**) 

l Transport of the 4,600 m3 (6,000 yd3)* of radioactively con- 
taminated wastes to the Sampling Plant site and placement of 
these materials in a new interim-storage pile on the existing 
asphalt storage pad. 

l Backfilling of the excavated area at the Landfill with the 
9,200 m3 (12,000 yd3)* of excavated wastes that have radio- 
nuclide concentrations below the cleanup criteria, supplemented 
with approximately 4,600 m3 (6,000 yd3)* of clean fill materials 
to restore the Landfill to the original grade. 

l Construction of support facilities at the Landfill, including 
an access road, a vehicle decontamination area, and an area for 
stockpiling and drying excavated materials (as necessary) prior 
to transport. 

Details of the various proposed activities are given in Section 4 (Proposed 
Action and Alternatives). 

The radioactively contaminated materials will be removed from the Landfill 
according to DOE's radiological guidelines for residual radionuclide concen- 
trations in soil at FUSRAP sites (Appendix A). Following removal of the 

*These volumes are being revised as detailed engineering progresses. As of 
April 24, 1984, the estimated total volume to be excavated has been reduced 
to 13,000 m3 (16,000 yd3), of which 4,200 m3 (5,500 yd3) is expected to be 
radioactively contaminated. 

**Because of the chemical contamination, the proposed actions are being 
coordinated with the U.S. Environmental Protection Agency (EPA) under 
a Memorandum of Understanding between DOE and EPA regarding hazardous 
wastes (see Section 5.2.1). 
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Figure 1.1. Location of Middlesex, New Jersey. 
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radioactively contaminated materials, DOE will make another decision regarding 
release of the Landfill for unrestricted use relative to the radioactive 
condition of the site. A decision on future use of the Landfill relative to 
chemical contamination is not within DOE's jurisdiction. The U.S. Environ- 
mental Protection Agency (EPA) and state and local governments have jurisdic- 
tion with respect to hazardous chemicals in the Landfill and will determine 
the need for further remedial actions, if any. 

The proposed 1984 remedial actions are a continuation of remedial actions 
involving cleanup of the Sampling Plant site and several vicinity properties 
(see Section 2.1). The decisions to be made now are whether to carry out the 
proposed 1984 work and, if so, in what manner. Depending on future funding 
(determined by the yearly Congressional appropriations), there will be separate 
future decisions on additional remedial actions. Because a permanent storage 
or disposal site is not now available, current plans call for interim storage 
at the Sampling Plant site. Another future decision will be made relative to 
permanent disposition of the contaminated materials. 

Separate environmental analyses will be prepared to support future 
decisions on additional remedial actions, permanent disposition of the 
contaminated materials, and release of sites for unrestricted use after 
cleanup. 
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2. HISTORY AND NEED FOR ACTION 

2.1 GENERAL SETTING 

Middlesex, New Jersey, is located in an urban area about 35 km (22 mi) 
southwest of downtown Manhattan (New York City), 29 km (18 mi) southwest of 
Newark, New Jersey, and 48 km (30 mi) northeast of Trenton, New Jersey 
(Figure 1.1). There are several properties in the Borough of Middlesex and 
Township of Piscataway (both in Middlesex County) that have been identified as 
being radioactively contaminated as a result of work that was carried out on 
various uranium, thorium, and beryllium ores at the Middlesex Sampling Plant 
(Figure 1.2). Most of the contaminated properties have been cleaned up and 
the contaminated materials placed in a large interim-storage pile at the 
Sampling Plant site. These properties and their current status are listed 
below: 

Phase I Remedial Actions (5 properties) 

432 William Street 
Church rectory 
Playground 
Rosamilia property 
Kays property 

Cleaned up in 1980; certified 
and released for unrestricted 
use (U.S. Dep. Energy 1983a) 

Phase II Remedial Actions (28 properties) 

Mountain Avenue properties 
Area south of Sampling 

Plant site and ditch to 
Main Stream 

Cleaned up in 1981 and 1982; 
not yet certified 

Periphery of Sampling Plant site 
Road on north side of Sampling 

Plant site 

Middlesex Landfill Remedial Actions Proposed for cleanup in 1984 

Phase III Remedial Actions 

Sampling Plant site, including 
old processing building and 
interim-storage piles 

To be decided in the future 

2.2 HISTORY 

The history of the Middlesex Sampling Plant, the Middlesex Landfill, and 
the other properties can be found in reports by Bechtel National (1984a, 
1984c), Bayer et al. (1982). Ford, Bacon & Davis (1978, 1979), and U.S. Depart- 
ment of Energy (1979, 1980a, 1980b). Following is a brief summary. 

2-l 
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From 1943 to 1955, the Middlesex Sampling Plant was used to thaw, crush, 
dry, screen, sample, weigh, assay, store, package, and/or ship various types 
of uranium, thorium, and beryllium ores. This work was originally carried out 
under the auspices of the Manhattan Engineer District (MED) of the U.S. Army 
Corps of Engineers during development of the atomic bomb. The HED was succeeded 
by the U.S. Atomic Energy Commission (AEC), the U.S. Energy Research and 
Development Administration (ERDA), and finally (for certain functions) by DOE. 
Some of the radioactively contaminated wastes resulting from the sampling 
operations were containerized and disposed at sea by the U.S. Navy. From 1955 
to 1967, the Sampling Plant was used mainly for storage and some sampling of 
thorium residues. In 1967, onsite structures were decontaminated and the site 
was certified and released for unrestricted use. The U.S. General Services 
Administration transferred the property in 1969 to the U.S. Marine Corps, who 
used the site for a reserve training center until 1979. Through an agreement 
established in 1978, DOE became custodian of the site. Currently, DOE uses 
the site for interim storage of radioactively contaminated materials that have 
been cleaned up from nearby vicinity properties and areas adjacent to the 
Sampling Plant site. Except for an onsite custodian, the buildings are 
unoccupied and the site is fenced. 

The Middlesex Landfill has been in use for over 25 years. In 1948, the 
landfill area was a gully that extended from within 30-61 m (100-200 ft) of 
Mountain Avenue to Bound Brook. By 1974, the area was level to within about 
30 m (100 ft) of the brook. The surface of the Landfill reportedly rose about 
2.4-3.0 m (8-10 ft) from 1961 until it was closed in 1974. The Landfill is 
currently used as a collection point .for recycling of cans, bottles, and 
paper. 

In 1948 during some renovations at the Middlesex Sampling Plant, about 
4,600 m3 (6,000 yd ) of excess soil contaminated with uranium ore was trans- 

;t- 

ported and disposed at the Middlesex Landfill. Contaminated soil was also 
apparently taken to the church rectory site and the 432 William Street property 
(Figure 1.2) for use as fill material. 

In May 1960 during a civil defense drill, elevated radiation levels were 
detected at the Landfill. These elevated radiation levels were confined to an 
area of less than 0.24 ha (0.6 acre). In 1961, the AEC removed 500 m3 (650 yd3) 
of near-surface radioactively contaminated material and covered the area with 
0.6 m (2 ft) of clean soil. The contaminated soil was removed to the AEC 
New Brunswick Laboratory in New Brunswick, New Jersey. Since the 1961 remedial 
action, about 2 ha (5 acres) of the northern portion of the Landfill site has 
been sold to the Middlesex Presbyterian Church and a church building has been 
erected. 

Beginning in 1980, DOE conducted remedial actions designed to cleanup 
radioactively contaminated properties and to place the contaminated materials 
in a large storage pile at the Sampling Plant site. All vicinity properties 
except the Landfill have been cleaned up (see Section 2.1). About 27,000 m3 
(35,000 yd3) of contaminated soils are now stored on an asphalt pad under a 
synthetic-rubber (EPDM) cover at the southern end of the Sampling Plant site. 
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2.3 RADIOLOGICAL CONTAMINATION AND NEED FOR ACTION 

The Middlesex Landfill has been surveyed several times. The two most 
recent and comprehensive surveys were made in 1974 and 1978. 

The results of the 1974 survey (U.S. At. Energy Comm. 1974) indicated 
that surface gamma readings were generally in the background range of 9-11 pR/h. 
At points of higher gamma readings, 
radioactivity near the surface. 

core samples confirmed the presence of 
Some core samples from areas that had normal 

background readings at the surface revealed some elevated levels of radio- 
activity at 0.6-1.2 m (2-4 ft) below the surface. Based on the 1974 survey, 
it was concluded that the radioactivity represented no measurable radiation 
health or safety problem relative to the use of the property at that time. If 
any excavation or other development at the Landfill was proposed in the future, 
the radiological conditions would need to be reevaluated to ensure that there 
was no undue risk to the public. The AEC suggested that the property record 
be appropriately flagged so that these limitations would be recognized in any 
future proposed use of the land. 

The 1978 survey (U.S. Dep. Energy 1980b) was conducted to further charac- 
terize the current radiological condition of the site. Both surface and 
subsurface measurements were taken. This survey confirmed that there is 
little contamination of surface soil on the site. Average radon emanation 
rates, average external gamma radiation levels, and average beta-gamma dose 
rates on the site are near background levels. Radionuclide concentrations in 
water taken from Bound Brook near,the site were far below allowable Nuclear 
Regulatory Commission limits (30,000 pCi/L for uranium and 30 pCi/L for 
radium-226 [lo CFR 203). Background is reported as 0.29 pCi/L; all results in 
the 1978 study were reported as being CO.5 pCi/L and more recent results 
(Bechtel Natl. 1984a) were reported as being slightly less than background. 

The 1978 measurements contain only two borings within the proposed 
excavation area. 
(Figure 2.1). 

Several borings were taken in this area in the 1974 survey 
Based on the 1974 and 1978 survey data, the concentration of 

radium-226 is plotted as a function of depth in the vicinity of the proposed 
excavation area (Figure 2.2). Based on the 1974 and 1978 survey data, the 
following observations can be made: 

l The distribution of contaminated materials within the Landfill is very 
spotty, both vertically and horizontally. 

. 

l There is little or no correlation between surface radiation levels and 
subsurface radionuclide concentrations. 

The closely grouped samples that had concentrations in excess of DOE 
radiological guidelines are in the proposed excavation area, although 
most of the samples had radium-226 concentrations below 15 pCi/g. At the 
0- to 15-cm depth, nine samples had radium concentrations above the 
5 pCi/g radiological guideline (Table 2.1 and Appendix A). The 15 pCi/g 
guideline for radium concentration at the 15-cm to 1.5-m depth was 
exceeded in five cases, including two that were taken at the 0- to 15-cm 
depth. Radium-226 contamination below 1.5 m is not covered by existing 
guidelines and has to be considered on a site-specific basis. (No site- 
specific analysis has been conducted of contamination below 1.5 m at the 
Landfill.) 
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Figure 2.1. Locations of 1974 and 1978 Core Samples Relative to the 
Proposed Excavation Area. Source: Adapted from 
U.S. Atomic Energy Commission (1974). 

II-162 



2-5 

WEST 

DEPTH 

LO 

0 

P 

6 t 1 20 

o- 

I- 

2’ 

3- 

4- 

5- 

6~ 

0 

5 

IO 

I5 

20 1 

9 14 
0 

0 

1 
0 

0 

0 

-t 

8 

I9 
Ii 

? 
f (10 0 1 50 I 100 I I50 1 200 I 250 I 

1 I I 
25 51 76 

WEST 

DEPTH 

0. 

I 1 

2 

3, 

48 

5’ 

6. 

II27 
- 0 

9 4 5 

v \ 

- 5.J; 

8 El El 

- lo’D P 0 IiN 

El 

-20-I 15- D 

IO I7 
o- 01 

0 

I- O 
5- 0 

2- 0 

3- IO- 0 

4- D 
15- 

5- 

6~ 20~ CI 

I I I I I I 
1 (11) 0 50 100 I50 200 250 

ii 1 f I 
c (ml0 

I 

E 25 51 76 

LEGEND : 

BOREHOLE NUMBERS CORRESPOND TO BOREHOLE LOCATIONS ON FIGURE 2.1. 
RADIUM-226 CONCENTRATION: 

0 <5pci/g 
0 5-15pCi/g 
8 15-5Opct/g 
A > 50 pCdg 

Figure 2.2. Contamination of the Middlesex Municipal Landfill as a 
Function of Depth Below Surface. Based on data pre- 
sented in reports of the U.S. Atomic Energy Commission 
(1974) and U.S. Department of Energy (1980b). 
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Table 2.1. DOE Radiological Guidelines for 
Residual Radionuclide Concentrations 

in Soil at FUSRAP Sites 

Radionuclide 

Allowable Concentration 
Above Background 

(pCi/g) 

U-naturaltl 75 

U-238t2 150 

Th-232 15 

Ra-226 5/15t3 

t1 One curie of natural uranium means the sum of 
3.7 x lOlo disintegrations/second (dis/s) over any 
15-cm-thick layer from U-238 plus 3.7 x lOlo dis/s 
from U-234 plus 1.7 x log dis/s from U-235. 

t2 Assumes no other uranium isotopes are present. 

t3 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 and less than 1.5 m below the surface. 

cd- 
- Except for one sample at a depth of 3.6 m in Borehole 5, only two-thirds 

of the proposed excavation area had samples above radiological guide- 
lines. 

l There were several boreholes outside the proposed excavation area that 
had concentrations above guidelines: Boreholes 11, 15, 17, and 19 from 
the 1978 survey; and Borehole 20 from the 1974 survey. 

l Based on the borehole data, it is conservatively estimated that the 
average concentration in the 4,600 m3 (6,000 yd3) to be removed to the 
storage pile is about 15 pCi/g. Therefore, the total amount of radium-226 
to be removed from the proposed excavation area is about 0.093 Ci. 

l Assays of surface soils indicated that only one area--centered around 
coordinates 4 and 200R (Figure E.l)--exceeded the uranium-238 guideline 
of 150 pCi/g. 

Although it was determined earlier that the radioactive contamination in 
the Middlesex Landfill presents no immediate public health concern, local and 
state authorities have expressed concerns about the contamination at the 
Landfill. DOE therefore proposes to remove the slightly contaminated materials 
to the Sampling Plant site for storage until permanent disposition of the 
materials can be determined. 
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3. AFFECTED ENVIRONMENT 

"I 
3.1 GEOLOGY AND HYDROLOGY 

3.1.1 Middlesex Landfill Site 

The Middlesex Landfill is located within the Piedmont Province of central 
New Jersey (Barksdale et al. 1943). The ground surface at the Landfill ranges 
from 11 m (35 ft) MSL near 6ound Brook to about 16 m (53 ft) MSL near Mountain 
Avenue (Figure 3.1). Before landfill operations began in the mid 194Os, the 
area was a gully that extended from within 30 to 61 m (100 to 200 ft) of 
Mountain Avenue to the brook. As a result of filling activities, the area is 
now mostly level out to a steep slope within about 33 m (100 ft) of the brook. 

Surface runoff flows east towards Bound Brook, which in turn flows north- 
west and discharges into Green Brook (Figure 3.2). Green Brook discharges 

,m... + into the Raritan River about 3.0 km (1.9 mi) southwest of the site (Figure 3.2). 
The nearest potable surface water supply (4.4 m3/s Cl00 mgd]) is drawn from 
the Raritan River at the confluence with the Millstone River, about 4.2 km 

e 
(2.6 mi) upstream of the confluence of Green Brook (Cesanek 1984). A private 
industry (Union Carbide Corporation) withdraws a very small amount of water 
(0.2 m3/s [5 mgd]) from the Raritan River about 0.8 km (0.5 mi) downstream 
from the confluence with Green Brook. 

I- 

The loo-year flood level at the Landfill is about 13 m (44 ft) MSL. 
Therefore, during the loo-year flood, the eastern edge of the site would be 
flooded about two-thirds of the way up the slope (Figure 3.1). The discharge 
associated with the loo-year flood is estimated to be about 115 m3/s 
(4050 ft3/s) at the Landfill (Swanson 1984). Based on drainage areas and 
stream-flow measurements on Bound Brook and Cedar Brook at South Plainfield 
(see gauging stations on Figure 3.2), it is estimated that the low flow of 
Bound Brook at the Landfill is about 0.2 m3/s (8.8 ft3/s) during the month of 
August (U.S. Geol. Surv. 1983). 

Groundwater at the Landfill is found in both the unconsolidated overburden 
deposits and in the bedrock. The overburden is about 3.4 to 10 m (11 to 
34 ft) thick, of which the upper 0 to 6.1 m (0 to 20 ft) consists of fill 
material (Ford, Bacon & Davis 1979; Bechtel Natl. 1984b). Underlying the fill 
material are sedimentary units of sandy clay, silt, and sand. The upper 
aquifer in the overburden material (including the lower part of the fill 
materials) is separated from the lower bedrock aquifer by a layer of lower- 
permeability (6.5 x 1O-6 to 7.0 x lo-' cm/s) clay formed from weathered shale 
bedrock. The lower aquifer, which is the major reservoir in the region, 
occurs in the fractured upper surface of the Brunswick Shale Formation. 

It is not known to what extent the upper and lower aquifers may be inter- 
connected. Because the permeability of the clay layer is not extremely low 
and both aquifers have the same groundwater level, it is possible that the 
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Figure 3.1. Topographic Map of the Middlesex Landfill Site. 
Source: Adapted from Bechtel National (1984c-- 
Figure 2-4). 
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aquifers may be partially connected. On the other hand, the limited water 
quality data that are available for comparing the upper and lower aquifers at 
the Landfill (Bechtel Natl. 1984b) indicate that there may not be much exchange 
between the two aquifers. Comparative water temperature data are not available. 

The groundwater table varies seasonally (Table 3.1). It has been reported 
as high as 12 n (40 ft) HSL at two wells located near the eastern edge of the 
proposed excavation area (figure 3.1). Thus, groundwater may be found about 
3 m (10 ft) below the surface of the Landfill in the proposed excavation area. 
If the groundwater table follows surface contours, water may be encountered 
1.6 m (5.4 ft) below the surface in the excavation area. The general direc- 
tion of groundwater flow at the Landfill is east-northeast toward Bound Brook. 

Table 3.1. Selected Groundwater Elevations in Two Wells Near 
the Eastern Edge of the Proposed Excavation Area 

Surface Groundwater Groundwater 

Well Elevation Elevation Depth 

No. Aquifer m MSL ft MSL Date m HSL ft MSL m ft 

5 Upper 13.7 45.6 .12/17/81 9.8 32.6 3.9 13.0 
(overburden) 2/24/82 12.1 40.2 1.6 5.4 

11/24/82 8.7 29.1 5.0 16.5 

7/13/83 10.4 34.6 3.3 11.0 

6 Lower 
(bedrock) 

13.5 45.1 12/17/81 10.5 35.0 3.0 10.1 

2/24/82 11.9 39.7 1.6 5.4 

11/24/82 12.8 42.7t1 0.7 2.47' 

7/13/83 10.7 35.7 2.8 9.4 

t1 Results suspect. 

Source: Bechtel National (1984b). 

In a recent analysis of water samples from onsite wells (Eberline 1983), 
only one sample had a radium-226 concentration elevated above the EPA Interim 
Primary and Secondary Drinking Water Standard of 5 pCi/L. Total uranium 
concentrations were all below the EPA recommended level of 10 pCi/L. Four 
samples had slightly elevated concentrations of chromium, lead, and selenium 
(Eberline 1983; Princeton Test. Lab. 1983a). (See further discussion in 
Section 3.6.) 

3.1.2 Middlesex Sampling Plant Site 

The Middlesex Sampling Plant site is generally flat, with an elevation 
ranging from 15 to 19 m (50 to 61 ft) MSL. The dominant soil types are silty 
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to sandy loams with a thickness of 0.5 to 2.4 m (1.5 to 8 ft). Underlying 
these deposits are the shales of the Brunswick Formation (U.S. Soil Conserv. 
Serv. 1976). 

Surface runoff from the existing storage pad (see Figure 4.3) is collected 
in several drains that empty into a large settling basin through an underground 
drainage system and then into a drainage easement ditch south of the site 
which runs 180 m (600 ft) south to Main Stream (Figure 3.3). Main Stream 
empties into Ambrose Brook, and Ambrose Brook flows into Green Brook near the 
confluence with the Raritan River (Figure 3.2). Neither Main Stream nor 
Ambrose Brook are used for water supplies. 

Groundwater at the Sampling Plant site is available in surficial strati- 
fied glacial drift deposits and in the shale bedrock aquifer. The shallow 
unconfined groundwater in the surficial deposits flows southwest to Main Stream. 

Surface water samples collected at the outfall of the settling basin and 
in Main Stream (Figure 3.3) during 1980, 1981, and 1982 had average uranium 
and radium-226 concentrations well below the DOE guidelines for uncontrolled 
areas (Bechtel Natl. 1984a). For soluble radium-226, only 2 of 42 samples 
collected at the plant outfall exceeded the DOE guideline. This was during 
1980 when the pile was exposed during cleanup actions at vicinity properties. 
Groundwater samples taken from several wells located on the site indicated 
that the maximum uranium concentrations ranged from 0.005 to 0.34 mg/L, and 
maximum radium-226 concentrations ranged from 0.2 to 2.3 pCi/L--all within the 
DOE guidelines for uncontrolled areas (Bechtel Natl. 1984a). 

3.2 METEOROLOGY 

New Jersey averages about 120 days of precipitation per year, and the 
mean annual precipitation is about 120 cm (48 in.). August is the wettest 
month, with an average of 12 cm (4.8 in.) of precipitation measured at Somer- 
ville, New Jersey, about 13 km 17.8 mi] west of Middlesex (Gale Res. Co. 
1980). The highest amount of precipitation recorded for a single day is 23 cm 
(8.9 in.), and the highest monthly total is 37 cm (14 in.). Floods accompany 
heavy rains, which in turn are sometimes associated with storms of tropical 
origin. Short droughts occur during the growing season, but prolonged droughts 
are rare--generally occurring only once every 15 years (Gale Res. Co. 1980). 
The prevailing winds are from the northwest during October through April and 
from the southwest during the summer months. 

3.3 ECOLOGY 

Middlesex is located within the glaciated area of the Appalachian oak 
forest section of the eastern deciduous forest (Bailey 1978). This forest 
section is characterized by oak, hickory, maple, basswood, elm, and ash--with 
alder, willow, ash, elm, and hygrophytic shrubs common in moist (poorly drained) 
habitats. However, because the Landfill is located within an urban setting 
and was used for disposal of wastes, little forest habitat is present. 

No site-specific ecological surveys have been made at either the Landfill 
or the Sampling Plant Site. The following discussion is based on a site visit 
in March 1984 and on general literature information for the region. The flora 
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Figure 3.3. Surface Drainage Map of the Middlesex Sampling Plant Site. 
Source: Adapted from Bechtel National (1984a). 
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of the Landfill site is dominated by early successional species. These include 
grasses and forbs (e.g., aster, fescue, plantain, goldenrod, panic-grass, 
clover, dandelion, smartweed, yarrow, 
small trees (e.g., maple, 

thistle, and wild carrot) and shrubs and 
aspen, willow, elm, cherry, and cottonwood). Mature 

trees are common in the floodplain of Bound Brook. The reed phragmites 
(Phragmites communis) is also common on the site, especially in the floodplain 
area, and occurs tn small stands on the upper portion of the fill material. 
Phragmites is indicative of poorly drained or moist soils (e.g., marshes, pond 
margins, and ditches) (Galvin 1979). 

The fauna is probably limited due to a lack of suitable habitat. Commonly 
encountered species are those that have adapted to surburban/urban encroachment. 
Birds include the house sparrow, 
blackbird, common crow, and robin. 

starling, rock dove (pigeon), red-winged 
Mammals include the Norway rat, racoon, 

opossum, woodchuck, house mouse, meadow vole, white-footed mouse, deer mouse, 
eastern mole, eastern cottontail rabbit, striped skunk, eastern gray squirrel, 
and shorttail shrew. A few species of reptiles such as the eastern garter 
snake and American toad have partially adapted to urban habitats and can be 
expected to occur in the area. 

Aquatic habitat is limited to Bound Brook and a pond formed by a former 
channel of the brook. Plant communities of Bound Brook and permanently moist 
areas are dominated by cattails and marsh grasses. 
aquatic beetles and bugs, 

Mosquito and midge larvae, 
and other aquatic invertebrates capable of rapid 

colonization and/or short life cycles'are probably typical inhabitants of 
temporary water bodies found in the vicinity. Species typical of small, 
generally degraded streams are probably found in Bound Brook (e.g., aquatic 
worms, midges, snails, blackflies, beetles, bugs, minnows, and suckers). 

Minimal biotic resources occur on the Middlesex Sampling Plant site 
because most of the site is paved. Pigeons, 
occur on the site, 

sparrows, rats, and mice may 
and some aquatic insects (mostly dipterans) and frogs may 

occur in the sedimentation basin. 

Plant 
Because of the highly disturbed nature of both the Landfill and Sampling 

sites, the occurrence of any rare or endangered species on these sites 
is extremely unlikely. 

3.4 LAND USE 

The Middlesex Landfill site is located on property that is jointly owned 
by the Borough of Middlesex and the Middlesex Presbyterian Church. Until 
1974, the Landfill was used for disposal of municipal wastes from other land- 
fills, businesses, and streets. The Landfill site is no longer in active use 
except for a can, bottle, and paper recycling operation located near the 
entrance. The areas immediately east and south of the Landfill are undeveloped. 
The Middlesex Presbyterian Church is adjacent to the northwest side of the 
Landfill, and the Middlesex Municipal Building is located northwest of the 
church property (Figure 3.1). Mountain Avenue and residential properties are 
located on the west side of the Landfill. 

The Landfill and adjacent properties on the north, east, and south are 
zoned for single-family and planned residential options (Cross Assoc. 1976). 
One property west of the site (across from Mountain Avenue) is mostly zoned 
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for a municipal center. Similar zoning--plus zoning for single-family, apart- 
ment, general business, two-family, commercial/light manufacturing/wholesale, 
and industrial/industrial park--are also located within several kilometers of 
the site. 

The Middlesex Sampling Plant site currently contains abandoned buildings 
and a large interim-storage pile. The site is bordered to the north by the 
Central Railroad of New Jersey and the Lehigh Valley Railroad, to the east by 
an empty lot (Rosamilia property) and residential properties on Mountain 
Avenue, to the south by a vacant field, and to the west by industry. During 
the day, there is frequent heavy-truck traffic entering and leaving the access 
road off Mountain Avenue between the railroad and the north end of the Sampling 
Plant site. The site and adjacent property are zoned for industrial/industrial 
park, although single-family residences are located just east and southeast of 
the Sampling Plant site. Zoning within several kilometers of the site is 
similar to that previously mentioned for the Landfill. 

The current land use surrounding both sites is a mosaic of residential, 
commercial, industrial, public, and vacant land (Ford, Bacon 6 Davis 1979). 
With the completion of Interstate 287, the area has become increasingly more 
attractive for development. Future activity probably will include the develop- 
ment of residential areas south and southeast of the site and the development 
of industrially zoned land from about 0.8 to 1.6 km (0.5 to 1 mi) to the south 
and southwest (Ford, Bacon 6 Davis 1979). 

Future land use is not expected to change greatly from current plans and 
usage. The Middlesex 1976 Master Plan (Ford, Bacon & Davis 1979) calls for 
creating a homogeneous industrial zone along South Avenue and Lincoln Boulevard, 
replacing nursery and greenhouse properties with residential areas and develop- 
ing vacant lands outside the flood-control areas. Moreover, plans to extend 
William Street across the southern portion of the site have been under con- 
sideration for many years. Such action would allow development of a large 
area in Piscataway. 

3.5 SOCIOECONOMICS 

Both the Landfill and Sampling Plant sites are accessible to railroad and 
interstate transportation systems (Figure 3.4). Several schools, hospitals, 
and other institutional facilities are located within 3.2 km (2 mi) of the 
contaminated properties (Raritan Valley Regional Chamber of Commerce, undated; 
League of Women Voters 1980). However, except for the Middlesex Presbyterian 
Church located on the north side of the Landfill, no other institutional 
facilities occur near the two sites or along Mountain Avenue between the 
sites. 

There are about 15 million people residing within 80 km (50 mi) of 
Middlesex. The 1980 populations for Middlesex and Piscataway were 13,480 and 
42,223, respectively--a change from the 1974 populations of 14,004 and 37,132 
(U.S. Bur. Census 1982b; Raritan Valley Regional Chamber of Commerce, undated). 
Populations in both communities are projected to increase over the next 10 to 
15 years (Raritan Valley Regional Chamber of Commerce, undated). Little 
unimproved or vacant land is available for residential development in Middlesex. 
However, there are several hundred acres of vacant land to the south of the 
Sampling Plant site in Piscataway. The Township of Piscataway recently passed 
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Figure 3.4. Transportation System Near Middlesex, New Jersey. 
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a new master plan calling for the development of several residential areas on 
sections of this vacant land (Ford, Bacon 6 Davis 1979). If the plan is 
followed, the population in Piscataway within 1.6 km (1 mi) of the Sampling 
Plant site could increase by as much as 12,000 people. 

The 1980 housing characteristics in the communities of Middlesex and 
Piscataway are similar. Median home values were $60,300 for Middlesex and 
$63,100 for Piscataway (U.S. Bureau of Census 1982a). Vacancy rates for home 
owners and rental properties were very low when compared to the patterns 
recorded in many other New Jersey communities. 

Both Middlesex and Piscataway are comprised predominantely of white, 
married-couple families having a median family income in 1979 of $25,000 to 
$26,000 (U.S. Bur. Census 1982b). In 1982, the average household size for the 
communities of Middlesex and Piscataway was 2.94 and 2.93, respectively, a 
number that has steadily declined since 1960 (Middlesex Co. Plan. Board 1983). 
The most prevalent occupations in these communities are manufacturing, profes- 
sional and related services, and retail trade (U.S. Bur. Census 1982b). 

Middlesex and Piscataway are located in the central subregion of Middlesex 
County, which attracted over 60% of the county's 1980 daily in-commuters 
(Middlesex Co. Plan. Board 1983). Based on 1980 census information (U.S. Bur. 
Census 1982b), commuting by private vehicles appears to be the preferred mode 
of transportation in both communities. Therefore, many of the workers who are 
employed within 1.6 km (1 mi) of the sites are expected to be commuting into 
this area from outside the county by private vehicle. 

The radioactive contamination' in the project area has produced some 
effects on the current socioeconomic setting because of local health and 
safety perceptions. The presence of radioactive materials on the DOE Sampling 
Plant site has had a bearing on the demand for the use of surrounding proper- 
ties (Ford, Bacon & Davis 1978). It is not known whether or not a similar 
situation may also be associated with properties around the Landfill site. 

3.6 CHEMICAL 

3.6.1 Landfill Materials 

There is evidence which indicates that appreciable quantities of non- 
radiological hazardous wastes may be present in the Landfill. High concentra- 
tions of arsenic, chromium, and lead were detected in a composite soil sample 
analyzed from a borehole drilled in 1983 about 120 m (400 ft) north of the 
Landfill. Cyanide and some organics were also present (Bechtel Natl. 1984b; 
Fisk Assoc. 1984). 

Six boreholes were drilled in January 1984 in the area to be excavated 
(Fisk Assoc. 1984). The presence of appreciable amounts of methane hampered 
drilling operations and limited sample collection. High concentrations of 
chromium, arsenic, and lead were found along with hazardous organics such as 
PCBs, benzo(a)pyrene, and naphthalene (Rudolph 1984; Keller 1984). Details 
of the results for all borehole analyses are given in Table 3.2. ft should be 
emphasized that the estimated average concentrations are based on samples from 
only six boreholes. Based on the average concentrations, it is estimated that 
thousands of kilograms of chemicals may be transported to the Sampling Plant 
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Table 3.2. Concentrations of Hazardous Materials in Borehole Samples 
from the Middlesex Landfilltl 

Parameter 

Concentrations (ppm) Detcctlon Limits 
(ppn) 

'1984 Boreholes Number of 
Well Positive Well 1904 
83-22 Averagtt2 Ranget Resultst2 83-22 8oreholes 

FJ.: It3 

0: 001 0.4 
0.05 

- 0.001 0.05 
0.001 0.02 

- 0.003 0.02 
- - 0.001 0.01 

0.001 0.01 
- 0.001 0.01 

-. 0.001 0.01 

0.28 0.2 - 0.76 0.01 0.2 
2.5 0.2 - 5.6 0.01 
4.4 0.26 - 6.8 0.01 i:: 
3.8 0.2 - 7.3 0.01 
0.6 0.2 - 1.4 0.01 i:: 
3.4 0.2 - 6.2 0.01 0.2 
2.3 0.2 - 5.6 0.01 0.2 
0.57 0.19 - 1.2 0.01 0.5 
0.18 0.1 - 0.2 0.01 0.2 
0.98 0.2 - 2.1 0.01 0.2 
2.7 

i:: - - 5.9 0.73 
0.01 0.2 

0.38 0.01 0.2 
0.53 0.01 0.5 
0.57 it: - - 1.1 1.5 0.01 0.2 

f:i5 o.bz El*: 
- 4.9 0.01 0.2 
- - 0.20 1.4 0.01 0.5 

4,4 DOT 0.07 0.001 0.02 
4,4 ODE 0.06 0.02 - 0.20 0.001 0.02 
4,4 ODD - 0.06 0.02 - 0.20 0.001 0.02 
PC8 1254 2.4 0.5 - 12.0 0.001 0.5 

t' Based on Rudolph (1984) and Bechttl National (1984a--Appendix 0). Only those parameters art 
listed for which at least one positive result was obtained. 

Arsenic 330 
Beryllium 
Cadmiun 2::: 
Chromium 155 
Copper 
Lead 7:: 
Nercury 
Nickel 2E 
Selenium D:4 
Silver 1.1 
Thallium 23 
Zinc 1.100 
Cyanide 3.6 
Phenols 0.4 
Hethylene chloride 0.243 
Trichlorofluoromethane 0.053 
l.l,l-Trichloroethane 0.085 
Trichloroethene 0.335 

~:~M;;~tnzene 0.020 0.005 
Toluene 0.304 
Ethylbenzene 0.161 
2,4,0; ncthoxyclor 0.021 
Acenaphthene -tJ 
Anthracene 
Benro(a)anthractne - 
8tnro(a)pyrent - 
Benzo(ghi)perylene - 
8enro(k)fluoranthene - 
8is(Z-ethylhtxyl)phthalate - 
Oibenzo(a,h)anthracene - 
1.4 Dichlorobenrent - 
Oi-n-butyl phthalate - 
Fluorrnthtne 
Fluorent 
Ideno(l.2,3-cd)pyrene 
Naphthalene - 
Pyrent 
Phenol 

38 
0.75 
5.9 

13: 
367 

0.25 

26 3 
3:: 

- 
456 

1.7 

0.86 - 179 

:*a: 
‘18 

- - 29 laZ5 
- 71 

56 - 251 

O.k! - - 938 0.52 
18 - 36 

2.5 It4.5 

60 - 1,800 
1.3 - 3.6 

e 
- 
- 
- 

6 

t 
6 

f 

8 
0 

8 
6 

t 

x 

x 

: 

: 
0 

: 
6 
5 
4 
5 
4 
3 

: 

: 
4 
4 
5 

: 

: 
I 

0.5 

5 

t2 Averages and ranges were computed using detection limits as the results for those samples with 
negative results. 

t3 A dash means no positive results obtained. 
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site for storage. For example, 280 kg arsenic, 580 kg chromium, 950 kg copper, 
2,700 kg lead, 3,300 kg zinc, 28 kg benzo(a)pyrene, 17 kg pyrene, and 18 kg PCB 
may be stored. Approximately twice as much will be placed back into the 
landfill. In some respects, these amounts may be overestimates--e.g., average 
concentrations were estimated using detection limits at the lower end of the 
range in some cases; however, in other respects, the amounts may be underesti- 
mates--e.g., concentrations varied widely and the contents of any buried 
containers were not sampled. 

Prior to drilling the boreholes, a ground penetrating radar survey was 
carried out to locate buried metal objects. The boreholes were then drilled 
to avoid known metal objects. It is not known if the objects are metal drums 
or containers. The presence of drums is suspected because some drums can be 
seen protruding from the landfill slope (Merry-Libby 1984; Glenn 1984a). 

Although the available data indicate the presence of hazardous chemical 
substances in the Landfill, additonal data are needed to sufficiently charac- 
terize the chemical condition of the Landfill (particularly in the area to be 
excavated) with respect to predicting potential impacts of excavation, storage, 
and long-term disposal of landfill materials. The 1983 borehole sample was 
not located in the area to be excavated, and the results of the organics 
analyses of the 1984 samples are quite different from those of the 1983 sample. 
One problem is the high detection limits associated with the 1984 data. Also, 
the lack of 1984 data for volatile organics is highly suspect for landfill 
samples, indicating possible problems with sample preservation or analytical 
methods. Furthermore, spatial heterogeneities may not be adequately accounted 
for because the 1984 boreholes are located quite far from one another (15 to 
24 m 150 to 80 ft]). Finally, there may be buried drums or other containers 
and their contents are not known. L- 

3.6.2 Groundwater 

Analyses of groundwater samples taken from seven wells drilled into the 
upper (overburden) aquifer at the Landfill showed low levels of metals 
(Table 3.3). Pesticides and PCBs were not detectable at a level of 2 ppb 
(5 ppb for PCBs). Several other organics were detected, and concentrations in 
some samples exceeded regulatory limits. Those chemicals for which analysis 
of water samples from one or more wells gave positive results are listed in 
Table 3.3. Several of the chemicals (chromium, lead, and naphthalene) were 
close to, but below, the regulatory limits. Only selenium had an average 
concentration slightly above the regulatory limit. 

It is difficult to know if the values given in Table 3.3 are representa- 
tive of average upper aquifer concentrations. For one thing, these values 
refer to water samples drawn at one time in 1983. For at least part of the 
year the groundwater level in some of the wells sampled extends into the 
Landfill (Section 3.1) and concentrations of hazardous materials in the land- 
fill materials appear to be appreciable (Section 3.6.1). 

Except for chloride, sulfate, total dissolved solids (TDS), and hardness, 
no analyses were performed on well-water samples drawn from the bedrock aquifer. 
The lower bedrock and upper overburden aquifers may or may not be appreciably 
interconnected at the Landfill (Section 3.1). 
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Table 3.3. Concentrations of Chemicals in Wellwater from 
the Upper (Overburden) Aquifertl 

Concentration (ppb) lumber of 

Parmeter Avtrrgtt2 
Detection Positive Rtgulrtoty 

Ranget limit Rtsults limits 

Chloride 00tJ 20 z 15ot3 7 
Sulfate 36t' - loot” - 7 
705 1,400tJ 400 - 4.6007’ 7 
Harclnes 5 3Bot J 250 - 600t3 - 7 
Chromium i"o 20 - 07 20 3 50t’ 
Copper 20 - 22 20 1 bkgdt’ 
Lead 41 24 - 56 7 50t’ 
Zinc 40 14 - 120 - 7 bkgdt’ 
Arstni c 15 10 - 50 10 2 50T' 
Silver 13 10 - 24 10 3 50?' 
Selenium 12 10 - 40 10 3 lot’ 
Urani urn 6.3 5 - 13 5 2 bkgdt' 
tyani de 10 1:: - 12 10 2 bkgd” 
Phenols 100 100 1 bkgcP 
1.4 Dichlorobenztne 11 7 - 1B 10 2 bkgd” 
Waphthalene 11 4 - 25 10 3 1315 
Benzene 2.5 l-5 1 5 bkgd” 
Chlorobtnrene 77 - 430 

: - 20 : 
4 400t 5 

Chloroform 5 1 bkgd” 
1.1 dichloroethane 3 1 - 10 1 1 bkgdt’ 
Ethylbenzene 3 1 - 10 1 1 1.400+s 
Toluene 2 l-6. 1 3 bkgdt’ 

t* Based on Bechtel National (19B4b). Princeton Testing Lab (1983b). rncl Maywood (1983) 

t2 The seven values, one for tach well ‘into the overburden aquifer, were averaged 
together. The detection limit was taken as the sample value for those well5 for 
which the presence of a parameter was not detectable Where appropriate. this limit 
was included in determIning the range of values. 

t? Concentrations given in ppm 

t4 4G CFR 264 groundrater limits for operators of hazardous waste sites lne abbrevia- 
tlon “bkgd” denotes background concentrations 

75 He- Jersey Pollutant Discharge Elimination System (NJPDES) limits rn effluents for 
toxicity protection of potable water supplres. 

.I 
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4. PROPOSED REMEDIAL ACTIONS AND ALTERNATIVES 

4.1 PROPOSED 1984 ACTIONS 

4.1.1 Middlesex Landfill 

The proposed actions for 1984 involve cleanup of the Middlesex Landfill 
and placement of radioactively contaminated materials in an interim-storage 
pile on the Middlesex Sampling Plant site. It is expected that approximately 
14,000 m3 (18,000 yd3)* of landfill materials will be excavated, of which 
about one-third (4,600 m3> [6,000 yd3J)* is expected to be radioactively 
contaminated. The proposed excavation area is shown in Figure 4.1. 

Support facilities will be constructed at the Landfill prior to excavation. 
Small trees and shrubs and other vegetation will be removed. A gravel access 
road will be constructed from the main gate off Mountain Avenue to the proposed 
excavation area (Figure 4.1). Because some of the excavated materials will 
probably be wet (see further discussion in Section 5.2), a synthetic liner 
will be placed on the ground north of the excavation area (Figure 4.1). This 
area will be used to stockpile wet wastes, allowing them to drain back into 
the excavation area and partially dry prior to being loaded onto trucks for 
transport to the Sampling Plant site. 

A decontamination facility, consisting of a gravel-filled pit with a 
wooden ramp over the pit, will be constructed south of the excavation area 
(Figure 4.1). Steam and high-pressure water will be used to clean construction 
vehicles and any large buried objects that need to be decontaminated (see 
below). After collecting in the pit, the water will flow to a standpipe and 
will be recirculated through a sand filter to remove particulates. It is 
expected that the sand filters will have to be replaced about every two days; 
used filters will be disposed on the interim-storage pile. When the water 
becomes too contaminated and can no longer be recirculated, it will be trans- 
ferred to a 3,800-L (l,OOO-gal) stationary bladder tank and will be used for 
dust control at the Landfill. 

Excavation will be carried out similar to a strip mining operation, with 
minimal exposure of the open cut and backfilling completed as soon as excava- 
tion depth allows. The wastes will be excavated in strips 9-m (30-ft) wide 
and 34-m (IlO-ft) long in 0.3-m (I-ft) depth increments (Figure 4.2). The 
layer to be excavated will be radiologically surveyed, and materials that are 

*These volumes are being revised as detailed engineering progresses. As of 
April 24, 1984, the estimated total volume to be excavated has been reduced 
to 13,000 m3 (16,000 yd3), of which 4,200 m3 (5,500 yd3) is expected to be 
radioactively contaminated. 
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Figure 4.1. Middlesex Landfill--Proposed Cleanup Plan. Source: Preliminary 
drawing (1984) by Bechtel National. 
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radioactively contaminated will be excavated and loaded onto trucks for 
delivery to the Sampling Plant site for interim storage. For the first cut, 
landfill material that is not radioactively contaminated will be placed in the 
stockpile area on the north side of the excavation area. For subsequent cuts, 
such material will be backfilled into the previously excavated cut. 

Buried metal objects and other large pieces of wastes will be decontami- 
nated and returned to the excavation area. Decontamination will be accom- 
plished by mechanical cleaning (e.g., rigorously shaking off loose soil at the 
excavation area and, if necessary, taking the object to the onsite decontami- 
nation pad for washing down). Any objects that cannot be sufficiently decon- 
taminated will be taken to the Sampling Plant site. 

The transport distance to the Sampling Plant site is approximately 0.8 km 
(0.5 mi) along Mountain Avenue. The dump trucks transporting the radioactive 
materials will be covered with tarpaulins. The capacity of the trucks will be 
restricted by the applicable load limits of the roads and a railroad bridge 
that must be traversed. Using lo-yd3 trucks and assuming an excavation time 
of 40 workdays, about 600 truckloads, or 15 truckloads per day, will be 
required. 

4.1.2 Samplinq Plant 

The northern part of the existing asphalt storage pad at the Sampling 
Plant site will be used for storage of'the landfill wastes (Figure 4.3). In 
addition to the existing large pile on the south storage pad area, there is a 
small existing pile on the north pad area containing contaminated ashes 
resulting from incineration of trees and other organic matter removed from 
other properties during previous remedial actions. This ash pile is covered 
with a synthetic liner (EPDM). This pile and the area to be covered by the 
new storage pile (Figure 4.3) will be covered with a synthetic liner and the 
landfill wastes will then be placed on the liner to form one continuous new 
storage pile. Wastes will be laid down in layers and dried or wetted, as 
necessary, so that they can be compacted by a bulldozer. The pile will even- 
tually reach a height of about 3 m (10 ft), cover an area of 1,800 m2 
(20,000 ft2), and have 3:l side slopes.* Any large objects that are removed 
from the Landfill and cannot be adequately decontaminated will be stored in a 
separate section of the pile. 

It will take about 3 months to complete the pile and cover it with a 
synthetic cover. The synthetic liner and cover have not yet been specified. 
The material will be resistant to degradation by the chemical substances, 
particularly organics, in the landfill wastes. Both Hypalon and EPDM are 
currently being considered. (See further discussion in Section 5.2.) 

The trucks will dump the wastes from a ramp at the storage pile in order 
to minimize decontamination requirements. After depositing each load at the 
storage pile, the trucks will be surveyed for radioactivity and decontaminated, 
as necessary, at the existing decontamination area in the northeast corner of 

c 

*The pile dimensions may change slightly if waste volumes change. 
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Figure 4.2. Middlesex Landfill--Sequence of Proposed Excavation 
and Backfill Activities. Source: 
(1984) by Bechtel National. 

Preliminary drawing 
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Figure 4.3. Middlesex Sampling Plant Site--Proposed Location of 
New Storage Pile. Source: Preliminary drawing (1984) 
by Bechtel National. 
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storage pad. This will be accomplished using a fire hose. The drainage 
system of the north pad area (which currently empties into the south pad 
drainage system and then to the settling basin and ditch) will be modified to 
separately collect all runoff from the north pad. The collected water will be 
analyzed for both radiological and chemical contaminants. If determined to be 
within acceptable limits, it will be released to the ditch. If contaminated, 
the water will be placed in storage tanks and hauled offsite to a licensed 
facility for treatment and disposal. 

I 

A summary of the measures to mitigate and monitor potential impacts that 
will be a part of the proposed actions is given in Table 4.1. Additional 
measures that are being considered are discussed in Section 5. 

4.2 ALTERNATIVES TO THE PROPOSED ACTION 

Alternatives to the proposed action include: 

1. TAKE NO ACTION AND CONTINUE RESTRICTIONS REGARDING USE OF THE LANDFILL. 
This may require formal implementation of legal and other institutional 
controls, such as putting restrictive covenants on deeds. 

2. RELEASE THE LANDFILL FOR UNRESTRICTED USE WITH RESPECT TO RADIOLOGICAL 
CONDITIONS. This would require more extensive hydrological characteriza- 
tion of the Landfill and a pathway analysis of potential exposure of 
humans to the radioactivity under,possible land- and water-use scenarios. 
The release of the Landfill with respect to hazardous chemical conditions 
is not under DOE's jurisdiction. 

3. EXCAVATE AND STORE ONLY THE RADIOACTIVELY CONTAMINATED MATERIALS FOUND 
,ti - 
.._ 

WITHIN THE UPPER 1.5 m OF THE LANDFILL. "Hot spots" would also be exca- 
vated. This would require a pathway analysis of radioactivity below 
1.5 m to determine whether, after cleanup, the site could be released for 
unrestricted use after cleanup with respect to radiological conditions. 

4. STABILIZE THE RADIOACTIVE MATERIALS IN PLACE. Such measures might 
include construction of a cap over the Landfill to reduce radon emissions 
and reduce infiltration into and subsequent seepage from the Landfill. 
Restrictions on future use of the Landfill may also be necessary. 

5. DELAY REMEDIAL ACTION UNTIL THE CHEMICAL CONDITION OF THE LANDFILL CAN BE 
MORE ADEQUATELY CHARACTERIZED. If necessary, more mitigative measures 
could be planned with respect to hazardous chemicals. Such measures 
might include coordination with EPA and other authorities to either 
stabilize both the hazardous chemical and radioactive wastes in place or 
to remove both kinds of wastes together to a treatment and/or permanent 
disposal facility. 

6. MOVE THE RADIOACTIVELY AND/OR CHEMICALLY CONTAMINATED MATERIALS DIRECTLY 
TO ANOTHER SITE(S) FOR LONG-TERM MANAGEMENT OR PERMANENT DISPOSAL. This 
alternative offers the advantage of moving the contaminated materials 
only once. However, a permanent disposal site has not yet been identified, 
and funds are currently available for excavation and interim storage. 
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Table 4.1. Sunrnary of Measures to Mitigate and Monitor Potential Adverse 
Impacts That Will Be Part of the Proposed 1984 Actions 

l Controls over possible spread of radiological and chemical contamination, 
including: worker monitoring; decontamination of vehicles; control of 
runoff from the excavation and storage areas; and use of a cover and liner 
at the storage pile to inhibit infiltration into and seepage from the 
stored wastes. 

l Careful radiological surveys of each 0.3-m (1-ft) excavation layer to 
minimize the amount of material that has to be treated as being radio- 
actively contaminated. 

l Erosion and dust controls, including: staged, prompt restoration/revegeta- 
tion of disturbed areas and completion of work before end of growing 
season; temporary cover over storage pile, as necessary; watering of dis- 
turbed areas and unpaved truck routes; covering truckloads of contaminated 
material with tarpaulins; and spraying collected contaminated water on the 
storage pile during construction of the pile. 

l Drilling of ventholes and excavation in 0.3-m (1-ft) increments to allow 
methane gas to dissipate; provision of anti-spark devices on trucks and 
other construction equipment; monitoring for methane and other volatile 
gases. 

c -+ 

l Use of protective clothing and masks if hazardous chemicals are 
encountered. 

l Water quality monitoring, including: radiological monitoring of wells 
around the storage area and radiological and chemical monitoring of 
runoff water collected from the north storage pad area. 

l Air monitoring for radioactive gases and dust. 

l Noise mitigation, including: periodic checks of mufflers, compressors, 
etc.; work between 8:00 a.m. and 8:00 p.m. to minimize nuisance to nearby 
residents. 

l Construction of a new fence around the excavation area; prompt restoration 
of the original grade at the Landfill. 

l Scheduling of truck movements and provision of traffic directors, as 
necessary, to minimize traffic congestion. 

l Temporary relocation of the recycling center to an area behind the muni- 
cipal building during the Landfill cleanup. 

l Consultation, cooperation, and coordination with local authorities and 
concerned citizens throughout the entire period of the action, including: 
regular information/coordination/planning meetings during both the cleanup 
and storage phases and designation of an onsite public liaison person for 
the cleanup phase. 

l Periodic monitoring and surveillance of the interim-storage pile, with 
maintenance of the cover and a pest (rodent and plant) control program, as 
necessary, to ensure the integrity of the pile and minimize potential 
offsite movement of contaminants. 
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7. REMOVE THE CONTAMINATED MATERIALS TO THE HIDDLESEX SAMPLING PLANT FOR 
LONG-TERM MANAGEMENT OR PERMANENT DISPOSAL. This would require additional 
site characterization and design engineering. In addition, such disposal 
would most reasonably be considered in conjunction with disposal of the 
wastes that are already stored in the existing interim-storage piles on 
the Sampling Plant site. 
tion of a permanent site. 

Funds are currently not available for considera- 
Moreover, local authorities have aken the 

position that they do not want the Hiddlesex Sampling Plant site used for 
permanent disposal of either radioactive materials or chemically co- 
contaminated materials. 

8. DISPOSE OF THE LANDFILL WASTES IN THE OCEAN. This has previously been 
considered for the wastes that are already stored at the Sampling Plant 
site. However, this alternative has received much public opposition and 
the regulatory framework for taking such an action is not yet in place. 
Furthermore, the presence of hazardous chemicals in the Landfill wastes 
may preclude their disposal in the ocean. 

c 
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5.1 RADIOLOGICAL 

5. ENVIRONMENTAL CONSEQUENCES AND MITIGATION 

A major potential issue associated with the proposed remedial actions is 
the radiological impacts. The predominant pathways by which radionuclides 
could reach nearby workers and members of the general public during the pro- 
posed actions are: (1) internal dose from inhalation of radioactive products 
such as those from decay of radon gas (radon-222)--a radionuclide in the decay 
chain of uranium-238, which is found at the Middlesex Landfill site (Figure 5.1), 
(2) internal d ose from inhalation of contaminated dust particles, (3) external 

from submersion in a cloud of contaminated dust, and (4) external dose 
radioactive particles deposited on the ground. Based on analysis of 

lar activities (Argonne Natl. Lab. 1982), it is expected that the internal 
from ingesting contaminated food or water will be relatively insignificant. 

dose 
from 
simi 
dose 

pub1 
The analysis of potential doses to nearby individuals and to the general 

ic within an 80-km (50-mi) radius of the Landfill is based on the following: 

-- c. 
Radionuclides in the uranium-238 decay chain (Figures 5.1) are assumed to 
be present in equilibrium with'the parent radionuclide. 

l The average concentration of each of the radionuclides in the contamina- 
ted materials to be excavated and stored is 15 pCi/g (Section 2.3). 

l The duration of the activities involving cleanup and construction of the 
interim-storage pile will be 3 months. 

l Both gaseous and particulate releases will occur while the material is 
being excavated and placed on the storage pile (for 3 months), but only 
gaseous releases will occur thereafter because the storage pile will be 
covered and maintained. 

. Particulate releases from the excavation activities and exposed storage 
pile (during the 3 months of pile construction) are assumed to be 
0.14 kg/m*/mo (0.6 ton/acre/ma), which is half the rate reported for 
general construction activities (U.S. Environ. Prot. Agency 1977; Argonne 
Natl. Lab. 1982). It is expected that much of the excavated material 
will be wet, and dust-control measures will be used at the storage pile. 
Estimated radioactive particulate releases are therefore 0.000012 Ci for 
each of the radionuclides in the uranium-238 decay chain. 

l Radon gas releases will include both "puff" releases when the contaminated 
materials are disturbed during excavation and "steady" releases from the 
storage pile. Puff releases are assumed to be 20% of the radon gas 
inventory (the other 80% remains trapped within the contaminated particles). 
Steady releases account for most of the releases and are calculated based 
on the assumptions that the stored material will: (a) be an average of 

5-l 
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Figure 5.1. Uranium-238 Radioactive Oecay Chain. 
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i 

2.5 m (8.3 ft) in depth, (b) cover 
(c) have an average moisture content 

an area of 1800 m2 (20,000 ft*), 
of about 13%, and (d) have a gaseous - 

diffusion coefficient of 0.0036 cm2/s. 
interim storage, 

For continued releases during 
no credit is taken for retardation of radon gas by 

the cover. Radon fluxes are estimated to be 3.1 pCi/m2/s. These fluxes 
are calculated according to the method of analysis given in a report of 
the U.S. Nuclear Regulatory Commission (1983). Radon releases are 
estimated to be 0.044 Ci during the 3-month action period and 0.18 Ci/yr 
thereafter. 

l The population distribution for the 15 million people within 80 km (50 mi) 
of Middlesex is estimated based on 1980 county census data. 

l Meteorological conditions at Middlesex are assumed to be similar to those 
at Newark, New Jersey, for which meteorological data are available. 

l Doses are evaluated in terms of the loo-year environmental dose commitment 
(EDC). The loo-year EDC is the integrated dose over 100 years resulting 
from continued exposure to the radionuclides released either during the 
3 months of remedial actions or during each subsequent year from the 
storage pile. 

Assuming that the mitigative measures discussed in Table 4.1 are imple- 
mented, potential doses to nearby individuals are estimated to be small 
(Table 5.1). The predicted whole-body,doses are similar in magnitude to doses 
received while spending 2 minutes on a jet plane at high altitudes or spending 
3 months (the time required to complete the remedial actions) at an altitude 
that is 2.6-m (8.7-ft) higher (Table 5.2). Specific organ doses (e.g., bone 
and lung) are lower than doses received from natural sources (Table 5.2). 

Table 5.1. Estimated Radiological Doses to Nearby Individuals As a 
Result of Releases During the Proposed 1984 Remedial Actions-t1 

Distance and 
Direction from Dose (mrem) 

Center of Whole Average Bronchial 
Individual/Location Storage Pile Body Bone Lung Epithelium 

Worker at Salvage 
Yard 

50 m W 0.0083 0.22 0.24 0.29 

Resident on Mountain 
Avenue 

140 m ENE 0.011 0.29 0.32 0.39 

Resident on William 
Street 

200 m SE 0.0023 0.063 0.068 0.083 

t1 Bases for radiological analysis are given in the text. 
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Table 5.2. Comparison of Doses to Maximally Exposed 
Individual to Doses from Natural 

Background Sources 

Dose from Remedial Action 
(values from Table 5.1) Comparable Dose 

0.011 mrem (whole body) Equal to dose from riding about 2 minutes 
in a jet plane at 10,000 m (33,000 ft) 
because of increase in cosmic radiation 
with altitude,tl or 

Equal to dose from staying for the same 
amount of time as the remedial action 
(3 months) at 2.6-m (8.7-ft) higher 
altitude?' 

0.29 mrem (bone) 30 mrem received from natural radiation 
sources (background) over the same 
period of timetl 

0.32 mrem (average lung) 45 mrem received from natural background 
radiation over the same period of time?' 

0.39 mrem (bronchial 
epithelium) 

83 to 150 mrem received from radon from 
natural background radiation over the 

'same period of timet2 

t1 Conversion factors are given in reports of Argonne National 
Laboratory (1982) and National Council on Radiation Protection 
and Measurements (1975). 

t2 Based on 320 to 600 mrem/yr, assuming an outdoor radon-222 concen- 
tration of 0.3 pCi/L (Moses et al. 1963), an indoor concentration 
of 1 pCi/L (U.N. Sci. Comm. At. Radiat. 1977), and dose conversion 
factors for radon-222 of 1000 mrem/yr per pCi/L for outdoor back- 
ground conditions (infinite source) and 625 mrem/yr per pCi/L for 
indoor conditions (50% equilibrium of radon daughters) (U.S. Nucl. 
Reg. Comm. 1980). 

The estimated doses to several organs and the whole body for the general 
public are presented in Table 5.3. The general public is considered to be the 
population of about 15 million people (1980 census) residing within 80 km 
(50 mi) of the site. This population will receive doses resulting from releases 
during the remedial actions; and, after the remedial actions have been completed, 
this population will continue to be exposed to radioactive releases from the 
storage pile (e.g., radon gas). These doses will all be negligible compared 
to doses the same population will receive from natural background sources of 
radiation (Table 5.3). 
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Table 5.3. Estimated Doses to the General Public As a 
Result of the Proposed 1984 Remedial Actions 

Dose?' (person- or organ-rem) 

From Natural Dose from 
From Releases Background Radiation Releases as 

During the 3 Months During the 3 Months Percentage of 
Tissue or Organ of Remedial Actions of Remedial Actions Background 

Whole body 0.054 380,000 0.000014% 

Bone 0.30 450,000 0.000067% 

Average lung 0.30 680,000 0.000044% 

Bronchial 0.12 400,000 - 0.0000052 - 
epithelium 2,300,OOO 0.000030% 

---------_------------------------------ 

Dose?' (person- or organ-rem/yr) 

Dose from 
From Continuing From Continuing Releases as 

Gaseous Releases Natural Background Percentage of 
Tissue or Organ from the Storage Pile Radiation Background 

Whole body 0.0052 1 1,500,000 0.00000035% 

Bone 0.016 1,800,OOO 0.00000089% 

Average lung 0.0046 2,700,OOO 0.00000017% 

Bronchial 0.48 4,800,OOO - 0.0000053 - 
epithelium 9,000,000 0.000010% 

t1 Reported as the loo-year environmental dose commitment to the population 
within 80 km (50 mi) of the Middlesex Sampling Plant site. 

Doses to workers will be controlled and limited to less than those speci- 
fied by DOE regulations for occupational doses (e.g., whole-body doses of 
3000 mrem/quarter or 5000 mrem/year>. Workers will be trained with regard to 
radiation risks and proper health-physics procedures. 

Another potential radiological issue is whether the decontamination 
guidelines for the contaminated areas are considered sufficient (see Appendix A). 
The guidelines to be used are based on recent detailed studies (U.S. Dep. 
Energy 1983b; Gilbert et al. 1983). DOE believes that these guidelines are 
conservatively low for considering potential adverse health effects that might 
occur in the future from any residual contamination. All remedial actions 
will be conducted in a manner to minimize radiation doses to the general 
public and to workers in accordance with DOE's as-low-as-reasonably-achievable 
(ALARA) philosophy. Release of the Landfill for unrestricted use is not part 
of the proposed remedial actions. Such release will be subject to a separate 
DOE decision in the future. 
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5.2 CHEMICAL, PHYSICAL, AND BIOLOGICAL 

52.1 Chemical 

5.2.1.1 Landfill 

There are two pathways for potential chemical impacts resulting from 
activities at the Landfill: (1) atmospheric transport of hazardous dusts and 
organic vapors, 
water. 

and (2) leachate and runoff entering surface water or ground- 
Atmospheric transport of hazardous dusts and organic vapors may impact 

people living within about one hundred meters (a few hundred feet) of the 
Landfill. Besides being potentially hazardous, airborne chemicals may have 
objectionable odors. 
explosion hazard. 

Also, the release of methane gas may cause a potential 
Mitigative measures will be taken, including: use of 

anti-spark devices on vehicles and equipment, 
for volatile gases, 

use of an air quality monitor 
keeping exposed surfaces moist to minimize dust generation, 

restricting activities when it is very windy, and following procedures to 
minimize the rupture of drums and containers. Workers at the Landfill will be 
exposed to much higher concentrations of hazardous materials than will people 
living nearby. Therefore, workers will wear protective clothing and masks, as 
necessary, and activities will be carried out in a manner that will serve to 
protect their health. 

The activities at the Landfill may adversely impact surface water and 
groundwater both during and after the remedial actions. Although there 
currently seems to be little movement of radioactive or chemical contaminants 
(Sections 3.1 and 3.6), disruption.of the landfill materials could result in 
mobilization of the hazardous chemicals. This could occur in several ways. 
First, it is expected that groundwater will be encountered during excavation, 
and the excavation itself may temporarily change local upper aquifer flow 
patterns so that more groundwater flows into the excavation hole from all 
sides. This will especially be the case if Bound Brook is at flood stage. 
Wet wastes excavated from the Landfill will be placed alongside the excavation 
and contaminated leachate will drain back into the excavation. The physical 
disruption and mixing of contaminants and the presence of large amounts of 
contaminated water may possibly increase contaminant migration into ground- 
water, particularly in the overburden aquifer. Contaminated surface runoff 
and groundwater may also reach Bound Brook, especially if a severe (e.g., 
loo-year) flood occurs during excavation. 

There should be no little or impacts from atmospheric transport of 
hazardous chemicals after closure of the Landfill because the backfilled 
wastes will be completely covered with clean backfill. The potential impacts 
on surface water should also be somewhat less because of the cover. However, 
depending on the degree of disruption and mixing of backfilled waste material, 
the chemical impact on groundwater could be worse than before the excavation. 

Miti,gative measures at the Landfill include minimizing the amounts of 
contaminated leachate and wastewater generated during the activities. This 
can be accomplished primarily by not excavating when the groundwater level is 
high, usually during the summer. 
containers, 

Besides minimizing the rupture of drums or 

and 
another mitigative measure that could be considered is containing 

removing the contents of any ruptured drums from the landfill area for 
safe disposal. 
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A possible mitigative factor results from the fact that the total amount 
of backfilled contaminated material will be less than the original amount of 
excavated material; thus the total amount of chemical contaminants in the 
Landfill will be less than it was prior to the excavation activities. However, 
this may be partially counteracted by any increased contaminant mobilization 
caused by the excavation activities. 

Another mitigative factor is that the overburden aquifer is not used for 
drinking water, at least near the site, and Bound Brook and other downstream 
waters are not used as a source of potable water (Section 3.1). However, the 
degree of interconnection between the overburden aquifer and bedrock aquifer 
(which is used as a public water supply) is not known (Section 3.1). 

A reasonable precautionary measure that could be considered is to carry 
out a program of sampling and analysis for chemical parameters in both the 
wastes to be transported and backfilled, as well as in the water that collects 
in the excavated area.* Also, further chemical characterization of the land- 
fill materials will serve to more clearly delineate the potential for contami- 
nation of surface water, groundwater, and air and may help to define other 
mitigative measures. 

5.2.1.2 Transportation 

There should be minimal potential,chemical impacts from the trucks trans- 
porting the wastes from the Landfill to the Sampling Plant site. The trucks 
will have a water-tight bed, will be gasketed, and will be covered with tar- 
paulins (Bechtel Natl. 1983). Little or no releases of contaminated dust or 
leachate are expected during the 0.8-km (0.5-mi) trip. Also, the wastes will 
be drained prior to loading onto the trucks (Section 4.1.1). U.S. Envjron- 
mental Protection Agency (EPA) and U.S. Department of Transportation (DOT) 
shipping regulations for hazardous wastes (40 CFR 263 and 49 CFR 177) require 
that, for shipment in hopper or dump trucks, the trucks must be free from 
leaks and discharge openings must be securely closed during transportation 
(49 CFR 173.510). 

5.2.1.3 Sampling Plant 

The impact of dust and organic vapors entering the atmosphere from the 
wastes at the Sampling Plant site should be similar to those at the Landfill 
because dumping and forming the wastes into a pile should generate emissions 
in amounts similar to those generated during excavation activites. Although 
less material will be dumped at the Sampling Plant site than is excavated at 
the Landfill, the material at the Sampling Plant site will be exposed in an 
above-ground pile for about 3 months until it is covered. 

There may be impacts on surface water and groundwater at the Sampling 
Plant site due to the presence of hazardous chemicals. During construction of 
the storage pile and during storage, all runoff from the north storage pad 

*It is currently planned to take only 20 samples of the wastes to be transported 
for chemical analysis (Glenn 1984b). This corresponds to about one sample for 
every 30 truckloads. 

I II-192 



5-8 

area will be collected, analyzed for both radiological and chemical contami- 
nants, and treated if necessary (Section 4.1.2). Based on a peak average 
Mnthly precipitation of 37 cm (15 in.), it is estimated that up to 27,000 L 
(7,000 gal) could be collected in one month. 

During the storage period, there may be contamination of both surface 
water and groundwater if the liner and cover are seriously degraded, thereby 
allowing release of chemicals. Liners such as Hypalon or EPDM, which have 
been used previously for storage of wastes having similar radioactive contami- 
nation, are not recommended for materials containing petroleum solvents or 
aromatic or halogenated hydrocarbons (EPDM) or oils (Hypalon) (U.S. Environ. 
Prot. Agency 1980). Therefore, the selection of the special liner and cover 
material is being studied relative to the known chemical contaminants. Also, 
the wastes will be sampled during construction of the pile and analyzed 
relative to organics that may damage the liner and cover. There will be 
periodic inspection of the cover, with maintenance or replacement of the 
cover, as necessary. As long as the cover is maintained, infiltration into 
and seepage or runoff from the pile will be minimized. A mitigatve measure 
that could be considered is periodic analysis of samples taken from the 
existing onsite monitoring wells for chemicals that are expected to be most 
mobile and/or hazardous. 

5.2.1.4 Regulations 

According to DOE Order 5408.2 and a Memorandum of Understanding between 
DOE and the EPA (signed on February 22, 1984), activities at both the Landfill 
and the Sampling Plant site are governed by EPA requirements for hazardous 
waste sites. 
40 CF,R 260-265. 

Of particular relevance are those requirements contained in 
The specifics of any requirements relative to EPA regulations c 

are being worked out during ongoing consultation and coordination with the EPA 
and the New Jersey Department of Environmental Protection. 

The redeposition of nonradioactive wastes back into the Landfill may be 
subject to New Jersey nonhazardous waste management regulations (N.J. Dep. 
Environ. Prot. 1983). According to these regulations, the redeposition of all 
solid waste resulting from a landfill excavation shall be in conformity with 
all requirements for landfills. One requirement is that in order for a land- 
fill to receive and deposit wastes, 
ception, 

it must have a system in place for inter- 

facility. 
collection, and treatment of any and all leachate generated at the 

Proper approvals for such a system and for a monitoring program are 
also required. Such a system and monitoring program are not currently planned 
for the redeposited material at the Landfill. This issue will be resolved 
during planned coordination with the EPA and the New Jersey Department of 
Environmental Protection relative to the proposed remedial actions. 

5.2.2 Physical 

Disturbed areas at the Landfill will be subject to wind and water erosion, 
with subsequent potential increases in turbidity, sedimentation, and dissolved 
solids in Bound Brook. The greatest potential for such impact will occur in 
the summer months during the thunderstorm season. The magnitude of this 
impact will depend primarily on the timing of construction and the amount of 
material exposed. However, because Bound Brook is located in an urbanized 
area and receives a number of point and nonpoint discharges, no noticeable 
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change in suspended solids is expected. Runoff from the storage pad at the 
Sampling Plantlis not expected to be high in suspended solids because only the 
actual storage pile will be barren soil; the remainder of the site is paved 
with asphalt or gravel. Furthermore, a temporary cover will be placed over 
the pile when heavy rains are predicted, and all runoff from the north storage 
pad area will be collected and treated, as necessary. 

Another issue may be the durability of the interim-storage pile. Frost 
penetrates to a depth of about 38 cm (15 in.) in the Hiddlesex area. Frost 
heave could cause the cover to rupture-- resulting in infiltration of snowmelt 
and rainwater, saturation of the pile, and leaching to groundwater. This may 
be exacerbated by the relatively steep side slopes (3:l) that may lead to 
slumping of the stored material. However, measures will be taken to minimize 
this potential impact, including: compaction of the stored materials, periodic 
surveillance to check on the integrity of the pile and its cover, and repairs 
(as necessary). 

Water from the local public supply system (estimated to be less than 
38,000 L [lO,OOO gal]) will be used for equipment decontamination at both the 
Landfill and Sampling Plant sites. At the Landfill, a steam/high-pressure 
water system will be used to minimize water use, and water will be recirculated 
through filters as much as possible. The amount of water to be used is small 
relative to the available resources and local demands in Middlesex. 

Construction of the access roads' will require consumption of timber, 
sand, and gravel resources. These resources are generally available locally, 
and supplies will not be unduly strained by the demands of the proposed project. 

5.2.3 Biological 

Implementation of the proposed action will have only a minimal effect on 
the terrestrial biota in the project area. Mammals and birds currently inhabit- 
ing the area to be disturbed at the Landfill will be dispossessed (larger 
and/or mobile species) or destroyed (smaller, less mobile species). The 
vegetation will be destroyed temporarily. After backfilling is complete, 
disturbed areas will be seeded and vegetation should become reestablished 
quickly. The area is expected to be dominated by early successional species 
similar to those present prior to the remedial actions. The adverse effects 
of dust, noise, and traffic during the period of excavation and storage will 
be minimal due to (1) the paucity of wildlife, (2) the fact that the sites are 
located in an urban area where such impacts currently exist, and (3) the 
implementation of mitigative measures (i.e., dust suppression). No impacts to 
endangered or threatened biota are anticipated from the proposed actions 
because their habitats do not correspond to those found on the affected sites. 

During the interim-storage period (designed for 25 years), animals and 
plants could adversely affect the durability of the interim-storage pile. 
Burrowing animals such as the woodchucks may invade the pile--resulting in 
excavation of the contaminated soils, increased water infiltration, and 
decreased stability of the pile (Arthur and Markham 1983). Plant roots may 
also intrude into the storage pile (Cline and Uresk 1979; Yamamoto 1982)-- 
especially species that produce suckers, such as the tree-of-heaven. However, 
the storage pile will be located on the asphalt storage pad, which will deter 
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animals from inhabiting it. Also, during the interim-storage period, the 
cover will be maintained and a pest-control program will be implemented, if 
necessary (Table 4.1). 

5.3 SOCIOECONOMIC IMPACTS 

At the county and community levels, the settlement pattern should not be 
impacted by the proposed action. Following cleanup of contaminated soils at 
the Landfill site, current public and residential land uses could continue 
(subject to local zoning ordinances). Borough of Hiddlesex plans for the 
Landfill site are reportedly contingent on the availability of federal funds. 
If funds become available, a park-recreation area might be developed in the 
present location (U.S. Dep. Energy 1980b). 

As long as the interim-storage pile remains at the Sampling Plant, the 
land cannot be used for other kinds of development. The federal government 
will maintain the storage pile. If the radioactive materials are removed from 
the site in the future, the assessed value of this property may increase 
approximately 10 times (see Ford, Bacon 6 Oavis 1979), especially if the 
property is used for industrial or commercial purposes. 

Cleanup activities involving excavation, movement, restoration, and 
storage of the contaminated soils at the Landfill could cause some localized 
impacts. Transport of soils to the Sampling Plant site will increase truck 
traffic on Mountain Avenue (about 15 trucks per day). Additional traffic may 
also result from movement of equipment to the job sites, transport of clean 
backfill materials to the Landfill, and the small work force that is expected 
to commute to these sites in private vehicles (Section 3.5). Transportation 
impacts are expected to be short-term and are likely to be associated with 
increased traffic congestion. It is expected that the increased traffic 
associated with the proposed remedial actions will be negligible compared to 
the traffic (including heavy trucks) that al ready occurs during the day on 
Mountain Avenue. Truck movements will be scheduled and traffic directors will 
be provided, as necessary. 

Excavation, loading, unloading, pile construction, and site restoration 
activities--as well as increased traffic--are expected to temporarily increase 
local noise levels around both the Landfill and Sampling Plant sites. Some 
individuals that use the municipal building and church near the Landfill and 
residents on Mountain Avenue and William Street near the Sampling Plant may be 
annoyed. Background noise at the Sampling Plant is relatively higher than at 
the Landfill because of other industrial activities on nearby properties. In 
order to minimize noise impacts at both locations, mufflers and compressors, 
etc., will be periodically checked and work will be carried out only between 
8:00 a.m. and 8:00 p.m. An additional mitigative measure that could be con- 
sidered is scheduling work after services at the adjacent church if work at 
the Landfill site occurs on a Sunday. 

Demographic changes from the influx of workers or the outmigration of 
local residents is expected to be insignificant. Some local subcontractors 
will be hired and a few work force in-movers with families are anticipated. 
Following cleanup of the Landfill, local health concerns should be reduced. 
Consequently, future home sales, outmovement of residents, and/or land-use 
changes at and near the Landfill are not anticipated at this time. However, 
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some degree of public concern may continue until decisions are made regarding: 
(1) permanent disposition of the contaminated materials to be stored on the 
Sampling Plant site, and (2) release of the decontaminated sites for unre- 
stricted use. 

Another potential adverse impact is noxious odors from the excavated 
Landfill materials. The mitigative measures discussed previously (Sec- 
tion 5.2.1) should help minimize this impact to nearby residents. 

Other socioeconomic impacts, such as demands on local goods and services 
or effects on the local economy, are expected to be minimal for a project of 
this size (Argonne Natl. Lab. 1982). 

In an analysis of previous remedial actions at Middlesex (Ford, Bacon & 
Davis 1979), the following conclusions were reached: (1) workers are likely 
to be drawn from both the local area and outside the vicinity, (2) the influx 
of workers would not stress local services, and (3) a storage pile as high as 
3 m (10 ft) above ground level on the Sampling Plant site may be aesthetically 
displeasing. These same conclusions are also applicable to the proposed 1984 
remedial actions. 

Through proper planning and coordination, adverse socioeconomic impacts 
can be minimized. Dissemination of information to the public is an important 
activity needed during remedial actions (Ford, Bacon & Davis 1979; Argonne 
Natl. Lab. 1982). Nonradiological health and safety concerns associated with 
excavating and loading activities at the Landfill will be lessened by construc- 
tion of a fence (Section 4.1.2) and other security measures. Radiological 
concerns may be lessened by providing the public with information regarding 
the cleanup schedule and planned monitoring procedures. 
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NOTE: The guidelines contained 
herein have been superseded. by 
those contained in Appendix A to 
Exhibit I of the certification 
docket. 

APPENDIX A. U.S. DEPARTMENT OF ENERGY 
INTERIM RESIDUAL CONTAMINATION AND WASTE-CONTROL GUIDELINES 

FOR 
FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM (FUSRAP) 

AND 
REMOTE SURPLUS FACILITIES MANAGEMENT PROGRAM (SFMP) SITES 

March 5, 1984 
(Review Within DOE Continuing) 

Presented here are the residual contamination cleanup and waste-control guide- 
lines of general applicability to the FUSRAP project and remote SFMP sites.* 
A site-specific analysis will be prepared for each FL&RAP and remote SFMP site 
prior to determining residual contamination guidelines for a specific site. 
In addition, it is policy of the DOE to decontaminate sites in a manner con- 
sistent with DOE's as-low-as-reasonably,-achievable (ALARA) policy. ALARA will 
be considered in reducing levels of residual contamination below applicable 
dose limits. ALARA will be implemented using cost/benefit considerations, and 
applied on a site-specific basis. ' 

The soil residual contamination criteria were developed on the basis of 
limiting maximum individual radiation exposure to DOE limits specified in DOE 
Order 5480.1A, exclusive of exposure from natural background radiation or 
medical procedures. The radium-226 and thorium-230 guidelines include an 
additional limitation for builup of radon-222 decay products in buildings. 
The aggregate of the contribution from all major pathways, based on scenarios 
for permanent intrusion--e.g., establishing residences on the site, was 
assumed. In most circumstances, the probability is low that such an intrusion 
will occur. Also, conservative assumptions were used in deriving these 
criteria to ensure that a particular dose limit would not be exceeded. Use of 
these guidelines is additionally conservative because the pathways considered 
in the derivation of the criteria assume all water intake and most food intake 
is from the site. Also, the FUSRAP and remote SFMP sites often have limited 
agricultural capability and the contamination is generally not homogeneous. 
The combined effect of these factors is such that the probable radiation 
exposure to the average population on, or in the vicinity of, FUSRAP or remote 
SFMP sites decontaminated to these criteria guidelines will not be appreciably 
different from that normally received from natural background radiation. 

*A remote SFMP site is one that is excess to DOE programmatic needs and is 
located outside a major operating DOE Research and Development (R&D) or pro- 
duction area. Remote sites are more likely to be released to the public or 
excessed to other government agencies after decontamination than are sites 
located within major R&D or production areas. 
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The residual contamination guidelines for surface contamination of structures 
were developed from the proposed ANSI standard (proposed ANSI N13.12--an 
adaptation to be applied, as appropriate) modified as appropriate to be con- 
sistent with DDE Order 5480.1A and the specific needs of FUSRAP for cost- 
effective, workable guidelines that provide an adequate safety margin. The 
very conservative nature of these guidelines and the possible need to adjust 
them in the future will continue to receive attention by DOE. The waste- 
control guidelines are consistent with DOE Orders and EPA regulations for 
inactive uranium milling sites, 40 CFR Part 192. 

A. RESIDUAL CONTAMINATION GUIDELINES FOR FORMERLY UTILIZED SITES AND 
REMOTE SURPLUS FACILITIES MANAGEMENT PROGRAM SITES 

The following guidelines represent the maximum residual contamination 
limits for unrestricted use of land and structures contaminated with 
radionuclides related to the nuclear fuel cycle at FUSRAP and remote SFMP 
sites. A site-specific analysis will be prepared for each site prior to 
determining residual contamination guidelines for a specific site. It is 
the policy of DOE to decontaminate sites to contamination levels at or 
below the limits and in a manner consistent with DOE's as-low-as-is- 
reasonably-achievable (ALARA) policy on a site-specific basis. Site- 
specific guidelines and ALARA policy will be determined by DOE on a site- 
specific basis and an ALARA report filed on completion of remedial action 
at a site. Existing state and federal standards will be applied for water 
protection. Residual contamination limits for other nuclides will be 
developed when required using the same methodology as was used for those 
represented here [described in DRO-831 (U.S. Dep. Energy 1983) and ORO-832 
(Gilbert et al. 1983)]. r 

1. Soil (Land) Guidelines (Maximum Limits for Unrestricted Use) 

Radionuclide 
Soil Criteriat1,t2,t3 

(pCi/g above background) 

U-Natural?* 
U-238t5 
U-234ts 
Th-230t6 
Ra-226 

150 
15 

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 and less than 
1.5 m below the surface. 

U-235t5 
Pa-231 
AC-227 

140 

1;: 

Th-232 15 
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Am-241 
Pu-241t' 
Pu-238, -239, -240 
cs-137 
Sr-90 
H-3 (pCi/mL soil moisture) 

24x: 
300 

3:: 
5,200 

t1 In the event of occurrence of mixtures of radionuclides, the frac- 
tion contributed by each radionuclide to its guideline shall be 
determined, and the sum of these fractions shall not exceed 1. 
There are two special cases for which this rule must be modified: 

(a) If Ra-226 is present, then the fraction for Ra-226 should not 
be included in the sum if the Ra-226 concentration is less 
than or equal to the Th-230 concentration. If the Ra-226 
concentration exceeds the Th-230 concentration, then the sum 
shall be evaluated by replacing the Ra-226 concentration by 
the difference between the Ra-226 and Th-230 concentrations. 

(b) If AC-227 is present, then the same rule given in (a) for 
Ra-226 relative to Th-230 applies for AC-227 relative to 
Pa-231. 

t* Except for Ra-226, these guidelines represent unrestricted-use 
residual concentrations above background averaged across any 
15-cm-thick layer to any depth and over any contiguous 100-m* 
surface area. The same conditions prevail for Ra-226 except for 
soil layers beneath 1.5 m; beneath 1.5 m, the allowable Ra-226 
concentration may be affected by site-specific conditions and 
must be evaluated accordingly. 

t3 Localized concentrations in excess of these guidelines are 
allowable provided that the average over 100 m* is not exceeded. 
However, DOE ALARA policy will be considered on a site-specific 
basis when dealing with elevated localized concentrations. 

t4 One curie of natural uranium means the sum of 3.7 x lOlo disinte- 
grations per second (dis/s) over any 15-cm-thick layers from U-238 
plus 3.7 x 10 lo dis/s from U-234 plus 1.7 x log dis/s from U-235. 
One curie of natural uranium is equivalent to 3,000 kilograms or 
6,600 pounds of natural uranium. 

ts Assumes no other uranium isotopes are present. 

t6 The Th-230 guideline is 15 pCi/g to account for ingrowth of Ra-226 
as Th-230 decays. Ra-226 is a limiting radionuclide because its 
decay product is Rn-222 gas. 

t7 The Pu-241 criterion was derived from the Am-241 concentration. 

2. Structure Guidelines (Maximum Limits for Unrestricted Use 

a. Indoor Radon Decay Products 

A structure located on private property and intended for unrestricted 
use shall be subject to remedial action as necessary to ensure the 
annual average concentration of radon decay products is less than 
0.03 WL within the structure. 
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b. Indoor Gamma Radiation 

The indoor gamma radiation after decontamination shall not exceed 
20 microroentgen per hour (20 uR/h) above background in any occupied 
or habitable building. 

C. Indoor/Outdoor Structure Surface Contamination 

Radionuclides 

Allowable Surface 
Residual Contamination 

(dpm/lOO cm2)t1 

Total Removable 

Group 1: 
Radionuclides for which the uncontrolled 
area concentration guide in air above 
backgroundt2 is 2 x lo-l3 Ci/m3 or less 
or for which the uncontrolled area concen- 
tration guide in water above backgroundt2 
is 2 x lo-' Ci/m3 or less; includes Pa-231, 
Th-228, Th-230, AC-227, Ra-226, Ra-228, 
and Pb-210. 

Group 2: 

Radionuclides not in Group 1 for which the 
uncontrolled area concentration guide in 
air above backgroundt2 is 1 x lo-l2 Ci/m3 
or less or for which the uncontrolled area 
concentration guide in water above back- 
groundt2 is 1 x 1O-6 Ci/m3 or less; includes 
U-232, U-238, Th-232, Ra-223, and PO-210. 

Group 3: 

Those radionuclides not in Group 1 or 
Group 2; includes U-234, U-235, Ra-224, 
and all other beta-gamma emitters. 

100 20 

1,000 200 

t1 The levels may be averaged over 1 m2 provided the maximum activity 
in any area of 100 cm2 is less than 3 times the limit value; dpm = 
disintegrations per minute. In the event of occurrence of mixtures 
of radionuclides, the fraction contributed by each radionuclide to 
its limit shall be determined, and the sum of these fractions shall 
not exceed 1. 

t2 Given in Attachment 1 to Chapter XI, Table II, DOE Order 5480.1A, 
the most limiting of all given concentration guide values (e.g., 
soluble versus insoluble) are to be used. 

? 

5,000 1,000 
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B. CONTROL OF RADIOACTIVE WASTES AND RESIDUES FROM FUSRAP AND REMOTE 
SFMP SITES 

Specified here are the control requirements for radioactive wastes and 
residues related to the nuclear fuel cycle at FUSRAP and remote SFMP 
sites. It is the policy of DOE to store radioactive wastes in a manner 
representing sound engineering practices consistent with DOE's ALARA 
policy. 

1. Interim Storage 

All operational and control requirements specified in the following 
DOE Orders shall apply: 

a. 5480.1A, Environmental Protection, Safety, and Health Protection 
Program for DOE Operations. 

b. 5480.2, Hazardous and Radioactive Mixed Waste Management. 

C. 5483.1, Occupational Safety and Health Program for Government- 
Owned Contractor-Operated Facilities. 

d. 5484.1, Environmental Protection, Safety, and Health Protection 
Information Reporting Rquirements. 

e. 5484.2, Unusual Occurrence Reporting System. 

f. 5820, Radioactive Waste Management. 

9. Control and stabilization features will be designed to ensure, to 
the extent reasonably achievable, an effective life of 50 years, 
and in any case, at least 25 years. 

h. Rn-222 concentrations in the atmosphere above facility surfaces or 
openings shall not (1) exceed 100 pCi/L at any given point, or an 
average concentration of 30 pCi/L for the facility site, or 
(2) exceed an average Rn-222 concentration at or above any location 
outside the facility site of 3.0 pCi/L (above background). 

i. For water protection, use existing state and federal standards; 
apply site-specific measures where needed. 

2. Long-Term Management 

a. All operational requirements specified for Interim Storage 
Facilities (B.1) will apply. 

b. Control and stabilization features will be designed to ensure, to 
the extent reasonably achievable, an effective life of 1,000 years 
and, in any case, at least 200 years. Other disposal site design 
features shall conform with 40 CFR Part 192 performance guidelines/ 
requirements. 
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C. Rn-222 emanation to the atmosphere from facility surfaces or open- 
ings shall not (1) exceed an average release rate of 20 pCi/m2/s, 
or (2) increase the annual average Rn-222 concentration at or 
above any location outside the facility site by more than 0.5 pCi/L. 

d. For water protection, use existing state and federal standards; 
apply site-specific measures where needed. 

e. Prior to placement of any potentially biodegradable contaminated 
wastes in a Long-Term Management Facility, such wastes will be 
properly conditioned to (1) ensure that the generation and escape 
of biogenic gases will not cause the requirement in paragraph 2.~. 
to be exceeded, and (2) ensure that biodegradation within the 
facility will not result in premature structural failure not in 
accordance with the requirements in paragraph 2.b. If biodegrad- 
able wastes are conditioned by incineration, incineration opera- 
tions will be carried out in compliance with all applicable federal, 
state, and local air emission standards and requirements, including 
any standards for radionuclides established pursuant to 40 CFR 
Part 61, National Emission Standards for Hazardous Air Pollutants 
(NESHAPS). 

C. Exceptions 

1. Procedure--Analysis of site-specific conditions. 

2. Applicability--Where health and safety would be endangered, or where 
cost clearly outweighs benefits. 

D. Guideline Sources 

Criteria Source 

Residual Contamination Guidelines?' 

Soil Guideline DOE Order 5480.1A, 40 CFR Part 192t2 

Structure Guideline 40 CFR Part 192, proposed ANSI N13.12 

Control of Radioactive Wastes and Residues 

Interim Storage DOE Order 5480.1A 

Long-Term Management 40 CFR Part 192 

Exceptions 

Procedure 40 CFR Part 192 

Applicability 40 CFR Part 192 

t1 The bases of the residual contamination guidelines are developed 
in ORO-831 (U.S. Dep. Energy 1983) and ORO-832 (Gilbert et al. 
1983). 

t2 Based on limiting the concentration of Rn-222 decay products to 
0.03 WL within structures. 
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- Uhted States’Government 

memorandum 
Department of Energy 

DATE: 
SEP 7 1984 

REPLY TO 

AlTN OF: u-20 

suaJsc~: Action Description Memorandum (ADM) Review: Proposed 1984 Remedial Actions 
at Middlesex, New Jersey 

TO: File 

/- 

Department of Energy (DOE) proposes to carry out some remedial actions 
during 1984 at two sites in Middlesex, New Jersey. The proposed 1984 
remedial actions include cleanup of radioactively contaminated materials 
located at the Middlesex Landfill and interim storage of these 
contaminated materials at DOE's Middlesex Sampling Plant site. The major 
proposed actions include: 

/- 

0 Excavation of approximately 14,000 m3 (18,000 yd3)* of landfill 
materials, of which about one-third (4,600 m3 (6,000 yd3)).* is 
expected to be radioactively contaminated. (These wastes are 
expected to be co-contaminated with hazardous chemicals.** 

0 Transport of the 4,600 m3 (6,000 yd3)* of radioactively contaminated 
wastes to the Sampling Plant site and placement of these materials in 
a new interim-storage pile on the existing asphalt storage pad. 

.- 

.I 

0 Backfillin of the excavated area at the Landfill with the 9,200 m3 
(12,000 yd 9 )* of excavated wastes that have radionuclide 
concentrations below the cleanup criteria, supplemented with 
approximately 4,600 m3 (6,000 yd3)* of clean fill materials to 
restore the Landfill to the original grade. 

0 Construction of support facilities at the Landfill, including an 
access road, a vehicle decontamination area, and an area for 
stockpiling and drying excavated materials (as necessary) prior to 
transport. 

The radioactively contaminated materials will be removed from the 
Landfill according to DOE's radiological guidelines for residual 
radionuclide concentrations in soil at FUSRAP sites. Following removal 

* These volumes are being revised as detailed engineering progresses. 
As of April 24, 1984, the estimated total volume to be excavated has 
been reduced to 13,000 rr3 (16,000 yd3), of which 4,200 m3 (5,500 yd3) 
is expected to be radioactively contaminated. 

** Because of the chemical contamination, the proposed actions have been 
coordinated with the U.S. Environmental Protection Agency (Attachment 
1). 
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of the radioactively contaminated materials, DOE will make a decision 
regarding the future use of the property relative to the final 
radiological condition of the site. A decision on future use of the 
Landfill relative to chemical contamination is not within DOE's 
jurisdiction. The U.S. Environmental Protection Agency (EPA) and State 
and local governments have jurisdiction with respect to hazardous 

.. cl&mica1 in the Landfill and will determine the need for further remedial 
actions, if any. 

Details and impact analysis for the activities are given in the attached 
ADM (Action Description Memorandum "Proposed 1984 Remedial Actions at 
Middlesex, New Jersey” - Attachment 2). 

The proposed 1984 remedial actions are a continuation of remedial actions 
involving the former Middlesex Sampling Plant and vicinity properties. 
The current status of the Middlesex remedial action is noted in Section 2 
"General Setting" on page 2-1 of the attached ADM. 

After reviewing all of the pertinent facts including the attached ADM, I 
have determined that the remedial action described in the subject ADM is 
an action which in and of itself will have a clearly insignificant impact 
on the quality of the human environment within the meaning of the 
National Environmental Policy Act (NEPA), 42 U.S.C. 4321 et seq. 

Separate environmental reviews will be prepared to support future 
decisions on remedial action at Middlesex, New Jersey, including 
permanent disposition of the contaminated materials or other remedial 
actions that may impact the quality of the human environment within the 
meaning of the NEPA, 42 U.S.C. 4321 et seq. 

Office of Terminal Waste Disposal 
and Remedial Action 

Office of Nuclear Energy 

2 Attachments* 

cc: w/attachs. 
S. Miller, GC-11 
S. Woodbury, PE-252 

*Note: The second attachment referenced herein precedes this 
memorandum as part of Exhibit II(4). 

II-210 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION I I 
P~~EDERALPLAZA 

NEW YORK, NEW YORK- 1027s 

Hr. E.L. Reller, Director 
%khnical &rvkes Division 
U.S. Depctment of l!hergy 
cak Ridge Operations 
P.O. Box E 
cak Ridge, ~nnelilaee 37831 

Ihe pupae of this letter is a followup to my letter of June 25, 1984 
concpming the pnoposed ranedial action at th Kk3dlesex Iandfi.11 (ML) 
by the U.S. Department of Ehergy (KE) under itrr Fonaerly Utili?&d Sites 
Iasmedial ibztion Program (nm?4P). 

Baed on the B.P. toxicity’ data received fran DOE for samples taken Ln tk 
portion of the Middlesex Jandf iU subject to the propased rmedicsl. actiotl 
we co- thpt the wrterial is aFgnrtmtly not subject tto the l&source 
Oxmervation and &mvery~Act (RCRA) m3 ~zardous mati. Additionally, 
& review of the oaarrpling program utiliztcl by XX to obtain these data wan 
done by tiw U.S. F2avirormental Protection 3gency ‘8 (EPA) Region II Off toe. 
‘Ihis review did uhow aam &ficiencie$ in the monftiring program, sgecif- 
hl.ly : 1. the lack of a 8am$frq plan, 2. a cleaning rnethod for eplit smn 
core amplee bdlich ie inconsistent with EPA Region XI Stmdand Cprating 
Prodlures, and 3, the use of biased instead of randan sq$ing .’ Hmmmr, 
these deficiencies wuld tend ti lead to mre coruervative results or a 
umt cat38 s.ituation. 

QnfiiUdng the DOE’s tLne frarm far this propod remedial action (ud 
tb fact that the data apguaf to support thfz conclusLon that the ~~t.erial 
rub~+other~fdlclctionirnota~bazardous~te,the~Ahaa 
rY, objectfon to the hplementation of the rem&id action plan as promed 
ky POE in the Work Plan For tha Middleatr Mmicipd Landfill 8iW (OR+846). 



Exhibit II (5) - Access Agreements 

Paue 

Access agreements were obtained from Middlesex 
Presbyterian Church and the Borough of Middlesex 
before remedial action activities began. Copies of 

both access agreements are provided in this section. 
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Bechtel NationaLInc. 
Engineers - Constructors 

Oak Rdge OffIce 
Jackson Plaza Tower @ / 

BOO dak Ridge TurnpIke 

Oak Rdge Tennessee 

Mad Address P 0 Boa 340 OH Rdgc Tk 37836 

Rev. Kirk Orr 
Middlesex Presbyterian Church 
1190 Mountain Avenue 
Middlesex, New Jersey 08846 

Dear Mr. Orr: 

Enclosed for your records is a fully executed copy of the 
access agreement between you and the U. S. Department of Energy 
for remedial action on your property. We believe that all the 
changes you requested, if any, have been made in the 
restoration schedules. If there are any problems with the 
agreement, please call John Schlatter collect at (615) 
576-5034. 

We are in the final stages of awarding contracts to perform 
this work, and we will notify you as soon as we have a schedule 
for work on your property. Thank you for your assistance. 

Very truly yours, 

Robert L. Rudolph 
Project Manager - FUSRAP 

JFS:mgo 
Enclosure: As Stated 
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DEPARTMENT OF ENERGY 
OAK RIDGE OPERATIONS OFFICE 

P. 0. BOX E 
OAK RIDGE, TENNESSEE 37830 

CONTRACT NO. DE-AC05-810R20722 

AGREEMENT 

THIS AGREEMENT, entered into this 3/c& day of%? 
1984, effective as of the 314. day of %- /.7&e' I 
between THE UNITED STATES OF AMERICA (hereinafter called the 
"Government"), acting through the DEPARTMENT OF ENERGY (hereinafter 
called the "DOE"), and the TRUSTEES OF THE MIDDLESEX PRESBYTERIAN 
CHURCH (hereinafter called the "CHURCH"), with a mailing address of 
1190 Mountain Avenue, Middlesex, fiew Jersey, 08846. 

WITNESSETH THAT: 
WHEREAS, the DOE through its contractor, Bechtel National, Inc., 

is conducting a low-level radioactive waste remedial action program 
in the environs of the former Middlesex uranium ore sampling plant; 
and 

WHEREAS, the Church owns real property (hereinafter referred to 
as the "PROPERTY"), described in the Addendum hereto, which requires 
remedial action: and 

WHEREAS, the Church has agreed to such remedial action under the 
terms set forth below and in the attached Addendum: 

NOW THEREFORE, in consideration of the mutual promises, the 
parties hereto agree as follows: 
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1. The Church hereby grants to the DOE or its designees a 
permit giving: (a) the right to enter upon the property for the 
purpose of removing low-level radioactive material from such 
property; and (b) the right to enter upon the property to take soil 
samples, perform radiological surveys, and to perform or take any 
other reasonable action consistent with the expeditious completion 
of the subject remedial action; and (c) the right to restrict access 
to such parts of the property, as may be necessary, to facilitate 
remedial action: and (d) the right to periodically enter upon the 
property after completion of the remedial action for the purpose of 
conducting follow-up radiological surveys. 

2. The Government shall be responsible for any loss or 

destruction of or damage to the Church's real or personal property 
caused by the activities of the DOE or its designees in exercising 
any of the rights given in this Agreement. This responsibility 
shall be limited to the cost of restoring the property to a 
condition comparable to its original condition by techniques of 
backfilling, seeding, repair or replacement, and such other methods 

as may be agreed to between the parties at the time of restoration 
work in accordance with the terms and conditions of this Agreement. 
Effective upon completion of the restoration work in accordance with 
the terms and conditions of this Agreement and upon certification by 
the DOE that the Church's property meets all applicable radiological 
criteria, the Church will release the Government, its contractors, 
and the officers, employees, servants, and agents of either of them 

from all further responsibility related to the radioactive 
contamination and the remedial action covered by this agreement. 

0157x 
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3. The Church will notify the DOE in writing if the property 
is, or at any time during the term of this Agreement shall become, 
leased, sold or otherwise transferred to another party. The Church 
will also give written notice to any purchaser, lessee, or 
transferee of the applicability of the rights contained in this 
Agreement when such purchase, lease, or transfer takes place during 
the term of this Agreement. The Church hereby consents to any 
Lessee Of the property entering into a suitable agreement with the 
Government to cover any part of the remedial action that may affect 
such Lessee. 

4. No member of or delegate to Congress, or Resident 
Commissioner, shall be admitted to any share or part of this 
Agreement, or to any benefit that may arise therefrom; but this 
provision shall be construed to extend to this Agreement if made 
with a corporation for its general benefit. 

5. The Church warrants that no person or selling agency has 
been employed or retained to solicit or secure that Agreement upon 

an agreement or understanding for a commission, percentage, 
brokerage, or contingent fee, excepting bona fide employees and bona 
fide established commercial or' selling agencies maintained by the 
Church for the purpose of securing business. For breach or 
violation of this warranty, the Government shall have the right to 
annul this Agreement without liability or in its discretion to 
deduct from the Agreement price or consideration, or otherwise 
recover, the full amount of such commission, percentage, brokerage, 
or contingent fee. 

6. To the extent that provisions of this Agreement call for the 
expenditure of appropriated funds in fiscal years subsequent to 
Fiscal Year 1984, such provisions shall be subject to the 
availability of funds appropriated by the Congress which the DOE may 
legally spend for such purposes. 

7. This Agreement shall terminate upon completion of the 
restoration work in accordance with the terms and conditions of this 
Agreement and upon certification by the DOE that the Church's 
property meets applicable radiological criteria to the maximum 
extent practicable. 

0157x 
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8. The Government and the DOE agree to indemnify and save 
harmless the Church for any damages or claims for damage6 arising 
out of or in connection with said remedial action plan described in 
this agreement. 

IN WITNESS WHEREOF, the parties have executed this Agreement in 
several counterparts. 

MIDDLESEX PRESBYTERIAN CHURCH THE UNITED STATES OF AMERICA 

BY: DEPARTMENT OF ENERGY 

BY: 

TITLE: 
/I 

0157x 
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ADDENDUM 
Middlesex Presbyterian Church 

I- 

,- 

-- 

The "Property" referenced in this agreement is described as Lot 1, 
Block 219, Middlesex County, New Jersey, within the corporate limits 
of the Borough of Middlesex. 

Surveys have shown that low-level radioactive contamination exists 
on this property. In order to meet criteria established for 
contaminated properties associated with the former Middlesex 
Sampling Plant, it will be necessary to remove contaminated soil on 
the affected areas as shown on Bechtel Drawing No. 17-DD08-C-01 
(Revision l), a copy of which is.attached and made part of this 
agreement. (NOTE: These are estimates based upon preliminary 
radiological surveys, and the exact amounts of property affected and 
the scope of work will be determined at the time of excavation.) 

Following removal of contaminated material and field verification 
that the property meets applicable radiological criteria, the 
property will be restored as nearly as reasonably practical to its 
condition at the start of the remedial action. 

On this property it is anticipated that restoration will consist of 
returning the property to its original contour and seeding to 
restore grass cover. 

The following sequence of remedial action operations is anticipated 
on this property: 

A. 

B. 

c. 

D. 

E. 

Installation of a safety/security fence around the 
excavation site. 

Excavation of contaminated soil from the affected areas. 
Dust control measures during digging and loading will 
minimize airborne contaminants. Continuous radiological 
monitoring of the excavated surface will reveal when 
sufficient material has been removed. Covered dump trucks 
will transport the contaminated topsoil to the former 
Middlesex Sampling Plant. 

Removal of vegetation as required from the affected areas. 

Radiological sampling and analysis of the excavation for 
verification that contamination has been removed. It is 
anticipated that time required for analysis prior to 
backfilling is one week. 

Backfilling to return the area to its original contour and 
planting to establish grass cover. 

0157x 
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DEPARTMENT OF ENERGY 
OAK RIDGE OPERATIONS OFFICE 

P. 0. BOX E 
OAK RIDGE, TENNESSEE 37830 

CONTRACT NO. DE-AC05-810R20722 

AGREEMENT 

THIS AGREEMENT, entered into this 
1984, effective as of the 64 day of /{- 
between THE UNITED STATES OF AMERICA (hereinafter called the 
"Government"), acting through the DEPARTMENT OF ENERGY (hereinafter 
called the "DOE"), and the BOROUGH OF MIDDLESEX, NEW JERSEY 
(hereinafter called the "BOROUGH"), a body politic, created, 
operating and existing under and by virtue of the laws of the State 
of New Jersey, with a mailing address of 1200 Mountain Avenue, 
Middlesex, New Jersey, 08846. 

WITNESSETH THAT: 
WHEREAS, the DOE through its contractor, Bechtel National, Inc., 

is conducting a low-level radioactive waste remedial action program 
in the environs of the former Middlesex uranium ore sampling plant; 
and 

WHEREAS, the DOE and the Borough entered into a Memorandum of 
Understanding dated November 20, 1979, agreeing to cooperate in said 
remedial action program; and 

WHEREAS, the Mayor and the Borough Clerk were directed and 
authorized to execute agreements covering remedial action on 
Borough-owned property by a resolution of the Borough Council dated 
April 21, 1981: and 

WHEREAS, the Borough owns real property (hereinafter referred to 
as the "PROPERTY"), described in the attached Addendum, which 
requires remedial action; and 

WHEREAS, the Borough has agreed to such remedial action under 
the terms set forth below and in the attached Addendum: 
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NOW THEREFORE, in consideration of the mutual promises, the 
parties hereto agree as follows: 

1. The Borough hereby grants to the DOE or its designees a 
permit giving: (a) the right to enter upon the property for the 
purpose of removing low-level radioactive material from such 
proper tyt and (b) the right to enter upon the property to take soil 
samples, perform radiological surveys, and to perform or take any 
other reasonable action consistent with the expeditious completion 
of the subject remedial action; and (c) the right to restrict access 
to such parts of the property, as may be necessary, to facilitate 
remedial action: and Cd) the right to periodically enter upon the 
property after completion of the remedial action for the purpose of 
conducting follow-up radiological surveys. 

2. The Government shall be responsible for any loss or 
destruction of or damage to the Borough's real or personal property 
caused by the activities of the DOE or its designees in exercising 
any of the rights given in this Agreement. This responsibility 
shall be limited to the cost of restoring the property to a 
condition comparable to its original condition by techniques of 
backfilling, seeding, repair or replacement, and such other methods 
as may be agreed to between the parties at the time of restoration 
work in accordance with the terms and conditions of this Agreement. 
Effective upon completion of the restoration work in accordance with 
the terms and conditions of this Agreement and upon certification by 
the DOE that the Borough's property meets all applicable 
radiological criteria, the Borough will release the Government, its 
contractors, and the officers, employees, servants, and agents of 
either of them from all further responsibility related to the 

radioactive contamination and the remedial action covered by this 
agreement. 

0156x; 4/12/84 
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3. The Borough will notify the DOE in writing if the property 
is, or at any time during the term of this Agreement shall become, 
leased, sold or otherwise transferred to another party. The Borough 
will also give written notice to any purchaser, lessee, or 
transferee of the applicability of the rights contained in this 
Agreement when such purchase, lease, or transfer takes place during 
the term of this Agreement. The Borough hereby consents to any 
Lessee of the property entering into a suitable agreement with the 
Government to cover any part of the remedial action that may affect 
such Lessee. 

4. No member of or delegate to Congress, or Resident 
Commissioner, shall be admitted to any share or part of this 
Agreement, or to any benefit that may arise therefrom: but this 
provision shall be construed to extend to this Agreement if made 
with a corporation for its general benefit. 

5. The Borough warrants that no person or selling agency has 
been employed or retained to solicit or secure that Agreement upon 
an agreement or understanding for a commission, percentage, 
brokerage, or contingent fee, excepting bona fide employees and bona 
fide established commercial or' selling agencies maintained by the 
Borough for the purpose of securing business. For breach or 
violation of this warranty, the Government shall have the right to 
annul this Agreement without liability or in its discretion to 
deduct from the Agreement price or consideration, or otherwise 
recover, the full amount of such commission, percentage, brokerage, 
or contingent fee. 

6. To the extent that provisions of this Agreement call for the 
expenditure of appropriated funds in fiscal years subsequent to 
Fiscal Year 1984, such provisions shall be subject to the 
availability of funds appropriated by the Congress which the DOE may 
legally spend for such purposes. 

7. This Agreement shall terminate upon completion of the 
restoration work in accordance with the terms and conditions of this 
Agreement and upon certification by the DOE that the Borough's 
property meets applicable radiological criteria to the maximum 
extent practicable. 

0156x; 4/12/84 
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8. The Government and the DOE agree to indemnify and save 
harmless the Borough for any damages or claims for damages arising 
out of or in connection with said remedial action plan described in 
this agreement. 

9. The United States Department of Energy agrees to indemnify 
and hold harmless the Borough of Middlesex for any claims, demands, 
suits, and legal fees, Court costs, expenses, etc., made and/or 
filed against the Borough of Middlesex by the Department of Energy 
personnel or personnel of its contractors, subcontractors, and/or 
their officers, employees, servants or agents, if either of them or 
any of them suffer any injuries while on the Borough's property or 

for any property damage sustained by such persons, unless such 
injury and/or property damage is caused by the willful or wanton 
acts of the Borough precipitating such injury or damage. 

IN WITNESS WHEREOF, the parties have executed this Agreement in 
several counterparts. 

BOROUGH OF MIDDLESEX 

. 
BY: lc?w&Jb 

MAYOR 

THE UNITED STATES OF AMERICA 

BY: DEPARATMENT OF ENERGY 

BY: 

TITLE: 

0156x: 4/12/84 
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ADDENDUM - 
Borough of Middlesex 

1- 

The "Property" referenced in this agreement is described as Lot 2, 
Block 219, Middlesex County, New Jersey, 
of the Borough of Middlesex. 

within the corporate limits 

Surveys have shown that low-level radioactive contamination exists 
on this property. In order to meet criteria established for 
contaminated properties associated with the former Middlesex 
Sampling Plant, it will be necessary to remove contaminated soil on 
the affected areas as shown on Bechtel Drawing No. 17-DD08-C-01 
(Revision l), a copy of which is attached and made part of this 
agreement. (NOTE: These are estimates based upon preliminary 
radiological surveys, and the exact amounts of property affected and 
the scope of work will be determined at the time of excavation.) 

Following removal of contaminated material and field verification 
that the property meets applicable radiological criteria, the 
property will be restored as nearly as reasonably practical to its 
condition at the start of the remedial action. 

On this property it is anticipated that restoration will consist of 
returning the property to its original contour and seeding to 
restore grass cover. Recycling center located near the site will be 
relocated by DOE contractors, at no cost to the Borough, to a site 
acceptable to the Borough for the duration of remedial action. 

The following sequence of remedial action operations is anticipated 
on this 

A. 

B. 

C. 

D. 

E. 

0156x; 

property: 

Installation of a safety/security fence around the 
excavation site. 

Excavation of contaminated soil from the affected areas. 
Dust control measures during digging and loading will 
minimize airborne contaminants. Continuous radiological 
monitoring of the excavated surface will reveal when 
sufficient material has been removed. Covered dump trucks 
will transport the contaminated topsoil to the former 
Middlesex Sampling Plant. Traffic flow will be coordinated 
with the Middlesex Chief of Police. 

Removal of vegetation as required from the affected areas. 

Radiological sampling and analysis of the excavation for 
verification that contamination has been removed. It is 
anticipated that time required for analysis prior to 
backfilling is one week. 

Backfilling to return the area to its original contour and 
planting to establish grass cover. 

5 
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Exhibit II (6) - Post-Remedial Action Report 

The following report documents remedial action activities performed 
at the MML and the radiological status of the MML following the 

completion of remedial action. The post-remedial action report is 

included in this section of the docket. 

Bechtel National, Inc. Post-Remedial Action Report 
for the Middlesex Municipal Landfill Site, 
Middlesex, New Jersey, DOE/OR/20722-135, 
Oak Ridge, TN, February 1987. 

Page 
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DOE/OR/20722-135 

Formerly Utilized Sites Remedial Action Program (FUSRAP) 
Contract No. DE-ACO5-81OR20722 

POST-REMEDIAL ACTION REPORT FOR 
THE MIDDLESEX MUNICIPAL 

LANDFILL SITE 
Middlesex, New Jersey 

.- 

NOTE: The remedial action guidelines 
in Table 1 of this report have 
been superseded by those given 
in Appendix A to Exhibit I of 
the certification docket. 

February 1987 

Bechtel National, Inc. 
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DOE/OR/20722-135 

I, 

POST-REMEDIAL ACTION REPORT 

FOR THE 

MIDDLESEX MUNICIPAL LANDFILL SITE 

MIDDLESEX, NEW JERSEY 

FEBRUARY 1987 

Prepared for 

UNITED STATES DEPARTMENT OF ENERGY 

OAK RIDGE OPERATIONS OFFICE 

Under Contract No, DE-AC05-810R20722 

BY 

K. A. Davis, C. P. Leichtweis, 

M. E. Kaye, and A. M. Feldman 

Bechtel National, Inc. 

Oak Ridge, Tennessee 

Bechtel Job No. 14501 
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ABBREVIATIONS 

cm 

dpm 
ft 

9 
h 

PR 
Nb’h 
pCi/ml 

m 
mi 
mfem 

mrem/yr 
urem 

pCi 
pCi/g 
WL 

yd3 
yr 

centimeter 
disintegrations per minute 
foot 
gram 
hour 
microroentgen 
microroentgens per hour 
microcuries per milliliter 
meter 
mile 

millirem 
millirem per year 
microrem 
picocuries 
picocuries per gram 
Working Level 
cubic yards 
year 

*Words appearing in boldfaced print are explained in the glossary. 
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1.0 INTRODUCTION 

The purpose of this report is to document post-remedial action 
sampling performed by Bechtel National, Inc. (BNI) on the 
Middlesex Municipal Landfill (MML) in Middlesex, New Jersey. 
The MML site is located in the Borough of Middlesex, Middlesex 

County, New Jersey, approximately 18 mi southwest of Newark 

(Figure 1). The Middlesex Sampling Plant (MSP) is located about 

0.5 mi southeast of the landfill. Remedial action was conducted 
.at the Mm from 1984 through 1986 under the Formerly Utilized 
Sites Remedial Action Program (FUSRAP), a U.S. Department of 

Energy (DOE) effort to identify, decontaminate, or otherwise 
control sites where low-level radioactive contamination 

(exceeding current guidelines) remains from the early days of 
the nation’s atomic energy program. FUSRAP is currently managed 

by DOE’s Oak Ridge Operations Office. As the Project Management 
Contractor, BNI acts as DOE’s representative in the planning, 

management, and implementation of FUSRAP. 

This report briefly describes the origin of the radioactive 
contamination on the MML property, the method used to 
determine its extent, and the type of remedial action 

performed. It also provides the guidelines used in performing 

the remedial action, summarizes the data on the current 
radiological status of the property, and presents final 

excavation limits and depths. 

Background 

The MSP was used for the assaying of uranium and thorium 

ores between 1943 and 1955. During the operation of the MSP, 

some radioactively contaminated soil containing pitchblende (a 
naturally occurring uranium ore) was shipped to the MML. 
Although there is no documentation to indicate when the 
contamination of the landfill occurred, a review of MSP files 

1 
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documenting operations conducted from 1946 to 1966 indicates the 
contaminated soil was probably shipped to the landfill between 
November 1947 and October 1948 (Ref. 1). Construction of a 
drainage ditch and paved storage area at the sampling plant took 
place during this period; it is believed that some of the 

material deposited at the landfill may have resulted from these 

construction activities. During landfill operations conducted 

in subsequent years, layers of cover material of various 

thicknesses were placed on top of the contaminated materials. 

The landfill has not been used for solid waste disposal since 
1974. 

During a local civil defense exercise in May 1960, monitors 

detected elevated radiation levels in the landfill. A 

radiological survey was conducted, and the results confirmed 
elevated gamma radiation levels (several times background) 
over a fairly consolidated area covering less than a half acre. 

In 1961 the Atomic Energy Commission (AEC) removed the top layer 
of material from the landfill’and covered the area with a 2-ft 

layer of clean dirt. The contaminated soil (approximately 

650 yd3) was taken to the AEC laboratories in New Brunswick, 
New Jersey. 

In 1974, the AEC conducted a radiological survey of the area 

(Ref. 2). Survey results confirmed the existence of a 
contaminated area lying between Middlesex Presbyterian Church 

and properties owned by the Borough of Middlesex. The Oak Ridge 

National Laboratory (ORNL) conducted another radiological survey 
in 1978 (Ref. 3). 

Based on survey results and on the configuration and usage of 
the landfill, it was concluded that the MML did not present a 
significant potential radiation hazard to the public. However, 
it was further concluded that if the area were to be developed 
for residential or commercial purposes at some future date, 
exposure of workers or the public in excess of guideline levels 
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could result if remedial action were not taken. 

An engineering evaluation of remedial action alternatives and an 
environmental assessment were performed by Ford, Bacon, and 
Davis in 1979 (Refs. 4, 5). Remedial action began at the MML in 

1984 and was completed in 1986. 

2 .O REMEDIAL ACTION GUIDELINES 

The principal radionuclides of concern at the MML were 
radium-226, thorium-232, and uranium-238. Table 1 lists the DOE 
residual contamination guidelines governing the release of the 

property for unrestricted use (Ref. 6). DOE implemented these 

guidelines on the basis of their compatibility with the criteria 

used for the same purpose by the Environmental Protection Agency 

(EPA) (Ref. 7). Since compliance with the remedial action 
guideline for radium ensures that the concentration of residual 

uranium is also acceptably low, a site-specific guideline for 

uranium was not calculated. However, if typical (as opposed to 

site-specific) values are used as the basis for calculating a 

guideline for uranium, this guideline would be approximately 

75 pCi/g. Where the guidelines in Table 1 were exceeded, 

contaminated soil was removed from the property until 
radionuclide concentrations were within guidelines. On the 

basis that these guidelines have been met, the property can be 
released for unrestricted use. 

3.0 REMEDIAL ACTION 

After it was determined on the basis of radiological surveys 

that the MML was contaminated, DOE “designated’ it for remedial 
action. This means that the landfill was found to be 

contaminated in excess of DOE guidelines and was therefore 
eligible for remedial action under FUSRAP. The Borough of 

Middlesex (owner of the landfill) was notified at this time, and 
BMI began the engineering design and related activities to hire 
local subcontractors to perform the cleanup work (Ref. 8). 
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Cleanup/Decontamination Activities 

.- 

When the design work had been completed and a local 
subcontractor hired, drawings showing the extent of the 
contamination in the soil on the property were given to the 
excavation subcontractor. Figure 2 shows the areas excavated in 

1984 and 1986. The subcontractor removed the soil as indicated 
in the engineering drawings, placed it in dump trucks, and 

transported it to the storage pile at the MSP site, where it 
will be stored until a permanent disposal site is selected. 

Contamination Control Durinq the Cleanup 

During the cleanup, several measures were taken to control the 
radioactive materials being removed from the MML site. These 

measures were designed to keep nearby residents from being 

exposed to radiation in excess of applicable standards during 

remedial action. The primary pathway by which residents and 

workers could be exposed to radiation was from dust released 
during excavation. To prevent sui=h exposure, the subcontractor 

was required to keep all excavations and work areas free from 
dust by keeping the soil moistened. 

To keep uncontaminated areas clean during the course of 

excavation work, haul trucks were kept draped with tarpaulins 

before they were loaded. This kept contaminated dirt from 

getting on the exteriors of trucks and later falling off the 
trucks and onto clean property. If a truck was parked on a 

clean area while being loaded, the ground was also covered with 

a tarpaulin and the truck pulled onto it before being loaded. 
If contaminated soil was spilled during the loading of the 

truck, the tarpaulin prevented the contamination of clean 
ground. Measures were taken to prevent the leakage of 
contaminated material onto city streets; these measures included 
the installation of gaskets around the tailgates of the trucks. 
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To prevent soil from falling off the truck and onto clean ground 

or rcadways, all trucks hauling contaminated soil were covered 
before leaving the site. The haul trucks were also monitored 
for removable surface contamination. Any truck found to contain 
surface contamination exceeding allowable limits was 

decontaminated in the vehicle washdown facility before leaving 

the site (Figure 2). 

The combination of these measures effected control of the 
contamination and prevented its spread onto areas accessible to 
the general public. Continuous air sampling was performed along 
the perimeter of the site during excavation to monitor the 
presence of alpha-emitting radionuclides in the air. The 
average concentration of these radionuclides in the 84 air 

samples collected was Less than 1.3 x 10 -14 ACi/ml. The most 
restrictive DOE guideline for the radionuclides present at the 

site would be the thorium-230 guideline of 8 x 10 -14 pCi/ml. 

4.0 POST-REMEDIAL ACTION SAMPLING 

The contaminated portion of the MML was found to cover an area 
of approximately 3 acres, with contamination extending from a 
depth of approximately 1 ft below the ground surface to a depth 
of about 18 ft. Surface contamination was found to be below 
guideline levels based on radiological surveys of the ground 

surface. 

Remedial action was conducted at the MML in accordance with the 

sorting procedure shown in Figure 3 for separating contaminated 
materials from clean materials. The contaminated subsurface 
materials were excavated in distinct lifts, each of which was 
30 ft wide and 1 ft deep. The lift extending from the surface 
to a depth of 1 ft is designated Lift 1; the lift extending from 
a depth of 1 f t to a depth of 2 ft is Lift 2, and so on. Lift 
17 was the final lift to be excavated. Each lift was removed in 
two 15-ft strips. Each strip of each lift was radiologically 

surveyed prior to excavation and classified as either 
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contaminated or clean. The contaminated materials were 
transported to the contaminated waste storage pile at the MSP; 
the clean soil was stockpiled and used to backfill the 

excavation after remedial action was confirmed as complete. 

After the contaminated soil was removed, the sides and bottoms 
of the excavations were radiologically surveyed and sampled to 
ensure that the property was indeed clean (exhibited no 

radionuclide concentrations in excess of the DOE guidelines). 

Surface Gamma Radiation Scans 

Following removal of each lift, two types of gamma radiation 

scans were conducted to determine whether all radioactively 

contaminated soil had been removed. First, a walkover scan was 

performed. In conducting this scan, the surveyor held the 
radiation detector a few inches above the ground surface and 

slowly moved it back and forth while walking over the excavated 
area. This type of survey was performed to detect areas of 
residual contamination exceeding DOE guidelines for subsurface 

areas. The advantage of the walkover survey is that the 

detector quickly scans the area as the excavation proceeds. 

The second type of gamma radiation scan was performed after all 

contamination detected by the walkover scan was removed. In 
performing this scan, the surveyor used a detector with lead 

shielding around all portions of the detector except the surface 
parallel to the ground. The purpose of the lead shielding is to 

ensure that any radiation detected is emanating from the ground 
directly under the detector. At the MML, the surveyor took 

systematic measurements at intervals of approximately 7.5 ft in 
the excavated areas to ensure that the area had been cleaned of 
radioactively contaminated soils. 

If either of these two types of gamma radiation scans revealed 

contamination at the MML in concentrations exceeding DOE 
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guidelines, additional soil was removed, and both types of scans 
were performed again. This process was repeated until DOE 
guidelines were met. 

Soil Sampling 

An extensive soil sampling program was conducted in addition to 
the two types of gamma radiation scans described above. 
Post-remedial action sampling comprised the collection of 4,800 
soil samples at 15-ft intervals. To ensure that the excavation 
was deep enough to remove contamination exceeding DOE 
guidelines, samples were collected from each lift following 
removal of the previous 1 ift. For instance, after Lift 1 was 
removed, samples were collected at a depth of 1 to 2 ft. The 
processes of removing each lift and sampling the l-ft soil layer 
below it were conducted alternately until the lower limit of 
contamination was reached. Two samples were collected at each 
15-ft interval of each lift: one from the vertical midpoint of 
the lift, and one from the bottom’ of the lift. Sampling 
locations are shown in Figures 4-20. Figure 21 shows overall 
excavation depths. 

The soil samples were analyzed to determine the concentrations 
of radium-226, thorium-232, and uranium-238. Results of these 
analyses are summarized below; individual results for each 
sampling location are contained in Reference 9. Of the 4,800 
samples collected, only 32 samples exceeded the 15-pCi/g cleanup 
guideline. Each of these 32 samples was individually 
investigated. In accordance with DOE guidance, average 
concentrations were calculated for these samples and were found 
in all cases to fall within the 15-pCi/g limit for loo-m2 
areas (Table 1). Analysis results for radium-226 indicated 
concentrations ranging from 0.1 to 43.2 pCi/g, with an average 
concentration of 1.9 pCi/g. For thorium-232, concentrations 
ranged from 0.1 to 32.0 pCi/g, with an average concentration of 
1.6 pCi/g. Uranium-238 concentrations ranged from 0.3 to 
37.6 pCi/q, with an average concentration of 6.5 pCi/g. 
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Exposure Rate Measurements 

Pressurized Ionization Chamber (PIG) readings were taken to 

measure the gamma radiation exposure rate after the 
contamination was removed and the excavation backfilled with 

clean material. The PIC was set up at the locations shown in 

Figure 22. As shown in Table 2, all exposure rates 1 m above 

the surface of the backfilled excavation were less than or equal 
to the background radiation level for the New Jersey area. The 
values in the table were calculated from measured exposure rates 
and assume cant inuous exposure. 

5.0 POST-REMEDIAL ACTION STATUS 

As shown in Table 2, gamma radiation exposure rate measurements 

taken after removing the radioactive materials show that there 
is no area in which radioactive contamination remains in 

concentrations sufficient to result in a dose in excess of the 
DOE radiation protection standard of 100 mrem/yr. An 

independent assessment of the remedial action conducted at the 
Middlesex Municipal Landfill site, Middlesex, New Jersey was 

performed by the Oak Ridge Associated Universities (ORAU) under 
the Radiological Site Assessment Program. The purpose of the 

assessment was to verify the BNI data supporting the adequacy of 
the remedial action and to confirm that radiological conditions 

at the landfill are in compliance with DOE remedial action 
guidelines. 

In addition to the surveys performed on behalf of DOE, 

monitoring of remedial action activities was conducted by the 
New Jersey Department of Environmental Protection. This 

included observing on-site operations and procedures, and 
analyzing archived soil samples. 

Based on all data collected, the Middlesex Municipal Landfill 

site conforms to all applicable DOE radiological guidelines 
established for release of this site for unrestricted use. 
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NOTE: The guidelines contained herein have been superseded 
by those contained in Appendix A to Exhibit I of the 
certification docket. 

TABLE I 

SUWMRY OF RESIDUN CONTAMINATION GUIDELINES 

Psge I of 2 

BASIC DOSE LIMITS 

The bstlc llmlt for the annual radiation dose received by en lndlvldusl munber of the general public Is 

IO0 mran/yr . 

SOIL (LAND) GUIDELINES (MAXIWM LIMITS FOR UNRESTRICTED USE) 

Redlonuc I Ibe Soll Concentration (pCl/g) sbovc backgrounda rb.c 

Rsdl m-226 
Red1 ~1-228 
Thor I m-230 
Thor 1 urn-232 

II belOb 
I5-cm- 

5 pCl/g, averaged over the first I5 cm of ti 
the surface; I5 pCl/g rhen everegeo over eny 

thick roll layer belor the surface Isyer. 

Mher rsdlonuclldes Sol1 gulcIel1nes rlll be celculeted on a slttspalflc 
bssls using the DOE manual Qveloped for thls use. 

STRUCTUR GUIDELINES (MAXIPUP LIMITS FOR UNRESTRICTED USE) 

Afrbornc Rsbon Decoy Products 

tineric guldellnes for concentrstlons of slrborne rsdon decoy products shall apply to exlstlng acupled 

or habltsble structures on prlvute property that ore intended for unrestrlCte8 use; structures that 

rlll be Wnollshed or burled are excluded. The applicable generic 9uldsllne (40 CFR 192) Is: In any 

acupled or hsbltsble bul Idlng, the obJectlve of r~dlsl actIon shall be, and reasonable effort sha! I 
be msae to echleve, sn annual eversge (or equlvslentl radon decay product concentration (Including 

beckground) not to exceed 0.02 UL.d In any case, the radon cbcsy product concentrstlon (Inc ludl ng 

beckground) shsl I not exceed 0.03 K. Runedlel edlons are not required In order to corrply rlth this 

guIdelIne when there Is reasonable assurance that resldusl rsdloectlve materials are not the cause. 

External Gsmns Rscllcrtfon 

The average level of gawns redlstlon lnslck a bulldlng or hebltsble structure on Q site to be released 

for unrestricted use shsl I not exceed the buckground level by more than 20 pR/h. 

Indoor/Outdoor Structure Surfae Contwl net Ion 
Allowable Resldusl Surfece Contmlnstlone 

(Qm/lOO cm2) 

Rsdi onuc I I def 

Transursnlcs, Rs-226, Rs-228, Th-230, Th-228 
Pe-231, AC-227, l-125, l-129 

Aversqdo h Mexlmumh~’ Runovsbleh*J 

100 300 20 

Th-Ns+urs I, Th-232, Sr-90, Re-223, Rs-224 
U-232, I-126, I-131, l-133 

1,000 3,000 200 
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TAE’LE I 

Page 2 of 2 

tcont ‘wed) 

Indoor/Outdoor Struc)urc Surtac Contunlnat’on (contlnusd) 
Allousblc ResiOuaI Sutfre Contunlnat’one 

(*m/l00 cd) 

Rsdlonuc 1 I ckaf h AverageQ~ Max Imunhs ’ Rmovab leh*J 

lkNaturs I, U-235, U-238, and arsalated decay 
products 

5,000 4 ‘5,000 - ‘,ooo cd 

Bets-9umns anltters (radfonucl’des rlth eecey 
moees other than alpha n’ss’on or spontaneous 

fIrsIon except Sr-90 and others noted above 

5,oOoB- b’ ‘5,Ow B-8 ‘,OOOkW 

‘These 9u’del’nes take Into account lngrouth of radirm-226 frun thorlm-230 and of rad’m-228 frm 

thorium-232, and assume secular equl Ifbrlum. If either thorium-230 an8 red1 -226 or thor rum-232 
and radlun-22E are both present, not In secular equlllbrlun, the guidelines apply to the higher 
ooncentratlon. If other m’rtures of radlonucIlbes mcur, the concentrations of lndlvldual 

radionucl fees she I I be reduced so that the Qse for’ the r’xtures WI I I not exceed the basic ease 
I ‘m’t. 

bhese guldel’nes represent unrestricted-use residual concentretlons above background averaged aross 
any 15scm-thick layer to any depth and over any contl9t~ous loo-m2 surfae area. 

cLaaIlzed concentrations ln excess of these IlmIts are allorable provided that the average 
concentration over a 100-m2 area does not exceebd these Ilmlts. 

aA rorklng level ‘K) Is any cunblnetlon of short-lived radon &cay products In I I’ter of air that 

rlll result In the ultlmste unlss’on of I.3 x IO5 MeV of potential alpha energy. 

*As used In thls table, Q m (dlslntegratlons per minute) means the rate of wnlsslon by radloactlve 

material as determIned by corr&Ing the cwnts pr minute observed by en qproprtate detector for 

background, efficiency, and geanetrlc factors essoclated rlth the Instrumentation. 

fUhere surfae torrtamlnatlon by both alpha- end beta-gama-mlttlng radlonuc’lc#as exists, the llmlts 

established for alpha- and beta-gmwna-anlitlng radlonucl’des should apply Independently. 

QbaSurwntS of everOpE oontUn’nat’on should not b averaged over more than l m2. For ObJms of 

less surface area, the average shall be Oerlved for eah ;uch obJat. 

hThe average and maximum radletlon levels associated rlth surface cont8nInat’on result’ng f 

bet-game m’tters should n& exceed 0.2 mred/h and 1.0 mrad/h, respe&Ively, ut I cm. 

‘The maxlmum contmlnation level @pIIes to en area of not more then 100 cm2. 

JTM mount of rcmovab’e red’oeti’ve materte’ per 100 cm2 of surfae area should be merm’ 
rlplng that area rlth dry f’lter or soft absorbent paper, rpply’ng moderate prossure, and 

run 

ned by 

measuring the 

mount of radioactive materlet on the ripe with an appropriate Instrument of known efflclency. When 

removable contunlnatlon on obJects of surfae area less than 100 an2 Is datermIned, the atlvlty per 

unit area should be based on the atual area end the entlre surfae should be rlped. fhe numbers In 

this column are maxlmum 8nounts. 
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TABLE 2 
GAMMA RADIATION EXPOSURE RATE MEASUREMENTS 

AT MIDDLESEX MUNICIPAL LANDFILL* 

Number of 
Measurements 

Exposure Rate (mrem/yr)+* 
Average Range 

DOE Radiation Protection 
Standard (mrem/yr)*** 

35 a0 60-94 100 

*Measurements were taken 1 m above the backfilled excavation. 

**Converted to 100 mrem/yr from exposure rate measurements. Assumes continuous 
occupancy at point of measurement, and includes contribution from natural 
background. 

***Above background. 
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GLOSSARY 

,- 

- 

Background Radiation - Background radiation refers to 
naturally occurring radiation emitted from either cosmic (e.g., 
from the sun) or terrestrial (e.g., from the earth) sources. 
Exposure to this type of radiation is unavoidable and its level 
varies greatly depending on geographic location; e.g., New 
Jersey typically receives 100 mrem/yr, Colorado receives about 
300 mrem/yr, and some areas in South America receive up to 7000 
mrem/yr. Naturally occurring terrestrial radionuclides include 
uranium, radium, potassium, and thorium. 

Contamination - Contamination means a concentration of 
radioactive materials in the soil exceeding that permitted by 
DOE guidelines. 

Counts per minute - A count is the unit of measurement 
registered by a radiation detection ‘instrument when radiation 
imparts its energy within the sensitive range of the detector 
probe. The number of counts registered per minute can be 
related to the number of disintegrations per minute occurring 
from a radioactive material. 

Disintegrations per minute - Disintegrations per minute is the 
measurement indicating the amount of radiation being released 
from a substance per minute. See the definition of picocurie 
for more information. 

Exposure rate - Exposure rate is the rate at which radiation 
imparts energy to the air. Exposure is typically measured in 
microroentgens @R) and the exposure rate is typically given as 
pR/h. The dose to the whole body can be approximated by 
multiplying the exposure rate by the number of hours of 
exposure. For example, if an individual were exposed to gamma 
radiation at a rate of 20 uR/h for 168 hours per week 
(continuous exposure) for 52 weeks per year, the whole-body dose 
would be 170 mrem. 
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Gamma Radiation - See radiation. 

Gram - A gram is a metric unit for weight. It takes 454 grams 
to make 1 pound: 1 ounce equals 28 grams. 

Meter - A meter is a metric unit of measurement for length; 
1 meter is equal to approximately 39 inches. 

Microroentgen - A microroentgen (uR) is a unit used to measure 
radiation exposure. For further information, see the definition 
of exposure rate. 

Millirem - The millirem is the unit used to measure radiation 
doses to man. The DOE limit is 100 mrem above background 
radiation levels for members of the general public in any one 
year. For comparison, a typical chest x-ray is about 40 mrem. 
Naturally occurring radioactive substances in the ground result 
in a yearly exposure to everyone of about 100 mrem. To date, no 
difference can be detected in the’health of population groups 
exposed to 100 mrem/yr above background and in the health of 
groups who are not exposed. 

Microrem - The microrem is also a unit used to measure 
radiation doses to man. It is equal to one-thousandth of a 
millirem. 

Picocurie - A picocurie is the unit of measure for 
radioactivity just as an ounce is a unit to measure weight. One 
picocurie means that one radioactive particle is released on the 
average of every 27 seconds. 

Pitchblende - A black-to-brown ore mineral that is the chief 
source of uranium. 

Radium-226 - Radium-226 is a naturally occurring, radioactive 
material that spontaneously emits alpha radiation. 

3’1 
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Radiation - There are three primary types of radiation: alpha, 
beta, and gamma. Alpha radiation travels less than an inch in 
air before it stops. Alpha radiation cannot penetrate the outer 
layer of skin on the body. Beta radiation can penetrate the 
outer layers of skin, but cannot reach the internal organs of 
the body. Gamma radiation is the most penetrating type and can 
usually reach the internal organs. 

Radionuclide - A radionuclide is a specific radioactive 
element. For example, uranium-235 is a radionuclide, 
uranium-238 is another, thorium-232 another, and so on. 

Remedial Action - Remedial action is a general term used to 
mean gcleanup of contamination.g It refers to any action 
required so that a property can be released for unrestricted use 
as uncontaminated. In practice, this may mean removing grass 
and soil, cutting trees, removing asphalt, etc. 

Thorium - Thorium is a naturally occurring element that is 
recovered from monazite for commercial purposes. Monazite 

contains from 3 to 9 percent thorium oxide. The principal use 
of thorium to date has been in the preparation of gas lantern 
mantles because thorium oxide burns with a brilliant white 
light. Thorium oxide is also commonly found in high quality 
glasses and camera lenses because of its good optical 
characteristics. 

Unrestricted Use - Unrestricted use means that a property can 
be used for any purpose without regard to the radioactivity that 
used to be on the property. These uses could include anything 
-- farming, a residence, a playground, etc. 

Uranium - Uranium is a naturally occurring, radioactive 
element. The principal use of uranium -- when refined -- is for 
the production of fuel for nuclear reactors. Uranium in its 
natural form is not suitable for use as a fuel source. 
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Working level - Working level is a unit of measurement for the 
energy expended in air by radon or its radioactive decay 
products. The term was derived for use with uranium mine 
workers and has become the accepted unit for environmental 
measurements. 
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Exhibit II (7) - Interim Verification Letters to Property Owners and 
Verification Statements and Reports 

The verification statement for the subject properties is listed 
below and included in this section. The verification report is also 
included in this section. 

Letter, J.D. Berger, Oak Ridge Associated Univer- 
sities, to J.J. Fiore, Director, Division of 
Facility and Site Decommissioning, Office of 
Nuclear Energy, Department of Energy Headquarters. 
"Verification of Remedial Actions at the MML," 
March 16, 1987. 

Oak Ridge Associated Universities. Verification 
of Remedial Action, Middlesex Municipal Landfill, 
Middlesex, New Jersey, Oak Ridge, Tennessee, 
September 1987. 

Paae 

II-273 

II-275 

II-272 



Associated Post Office Box 117 
Oak Ridge, Tennessee 37831-0117 

March 16, 1987 

Mr. James J. Fiore, Director 
Division of Facility and Site 

Decommissioning Projects 
Office of Nuclear Energy 
U.S. Department of Energy 
Washington, DC 20545 

Subject: VEKi.FICATI~N OF KMEDlAL ACTIONS AT THE MIDDLESEX MUNICIPAL LANDFILL 

Dear Mr. Fiore: 

Oak Ridge Associated Universities (ORAU) has completed independent verification 
activities on the Middlesex Municipal Landfill site. Based on the results of 
document reviews, confirmatory sample analyses, and independent site surveys it is 
ORAU's opinion that the remedial actions have been effective in meeting the DOE 
radiological guidelines established for that property. A report, describing the 
verification activities and findings is being prepared. 

Questions regarding this matter may be referred to me at FTS 626-3305. 

Sincerely, 

Program 
JDB:sjf 

Enclosures 

cc: A. Wallo, DOE/NE 
S. Ahrends, DOE/ORO/TSD 
J. Nemec, BNI 

orden, BNI 
Leichtweis, BNI 
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Oak Ridge 
Associated 
Universities 

848198 

Memorandum 

TO Luis E. Velazquez 

Date September 29, 1987 

From 

Copies to Boydti, Cloutier, File, List Below 

Subject FINAL VERIFICATIOS REPORT - XIDDLESEX LAK'DFILL RMEDIAL ACTIOK 

Enclosed are eight copies of the final verification survey report for 
Remedial Action on the Middlesex Municipal Landfill, Xiddlesex, Kew Jersey. 
This report should be forwarded to Mr. J. Fiore of DOE/h'E's Division of 
Facility and Site Decommissioning Projects. 

Questions may be referred to me at 576-3505. 

JDB/sjf 

cc: R. 
P 

{kin, DOE/OR/TSD 
‘G/ Hovey, BSI 
A. Wallo, DOE/NE 

. . 

a . 

II-274 



L 
Lb 
r: 
i.r 
r i. 
P A 
I- 

-& by 
Oak Ridge Associated 
Universities 

Prepared for 
Division of 
Facility l d Site 
Decommissioning 
Projects 

U.S. Depanmcnt 
of Epergy 

VERlFlCATlON 
, 

OF 
REMEDIAL ACTION 

MIDDLESEX MUNICIPAL LANDFILL 

MIDDLESEX, NEW JERSEY 

3.0. BERGER 

Rediological Site Artecunent Progmm 
Manpower Education, Research, nd Training Division 

FINAL REPORT 
SEPTEMBER 1687 

iI- . 
. 



VERIFICATION 
OF 

REMEDIAL ACTION 
MIDDLESEX MUNICIPAL LANDFILL 

MIDDLESEX, NEW JERSEY 

Prepared by 

J.D. Berger 

Radiological Site Assessment Program 
Manpower Education, Research, and Training Division 

Oak Ridge Associated Universities 
Oak Ridge, TN 37831-0117 

Project Staff 

W .H. Burke A.S. Uasvidal 
R.D. Condra R.M. Schlosser . 
M.A. Edwards R.A. Underwood 
R.D. Foley, Jr. C.F. Weaver 
G.R. Foltz S.A. Wical 

Prepared For 

U.S. Department of Energy 
as part of the 

Formerly Utilized Sites - Remedial Action Program 

FINAL REPORT 

September 1987 

- 

This report is based on work performed under contract number DE-AC05-760R00033 
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VERIFICATION 
OF 

REMEDIAL ACTION 
MIDDLESEX MUNICIPAL LANDFILL 

MIDDLESEX, NEW JERSEY 

INTRODUCTION 

Between 1943 and 1955, the Mlddlesex Sampling Plant in Mddlesex, 

New Jersey, about 29 km southwest of Newark (Figure l), was used by the 

Xanhattan Engfneer Dlstrlct and U.S. Atomic Energy Commlsslon, predecessors of 

the U.S. Department of Energy, for the assay of uranlum and thorium ores. 

Although no supporting documentation Is available, It I6 believed that 

construction activities at the Sampling Plant, between November 1947 and 

October 1948, resulted in the placement of soils, contaminated with uranium 

ore, Into the MIddlesex Municipal Landfill, - approximately 0.9 km northwest of 

the Sampling Plant. Landfill operations in subsequent years, resulted In 

dispersion of the contaminated 6011 throughout the landfill site and covering 

of the contaminated material with varying thicknesses of noncontaminated soil. 

Use of the landfill for municipal waste disposal was discontinued In 1974. 

The presence of low-level contamination In the Hiddlesex Municipal 

Landfill was lnltlally discovered In May 1960, during a local civil defense 

exercise. In 1961, the top layer of material was removed from the landfill by 

the Atomic Energy Commission (AEC) and replaced with a layer of clean soil. 

The AEC conducted a radiological survey of the area In 1974 and Oak Ridge 

National Laboratory (OR!4L) conducted an additional survey In 1978 at the 

direction of the U.S. Department of Energy (DOE). 1* 2 Ford, Bacon, and Davis 

performed an engineering evaluation of remedial action alternatives In 1979.3 

-’ 

Results of the surveys and engineering evaluatlon indicated that the 

Middlesex Municipal Landfill contained radiological contamination levels In 

excess of the DOE guidelines, and the site MS designated for remedial action 

under DOE’s Formerly Utilized Sites Remedial Action Program (FUSBAP). From 

1984 through 1986 Bechtel National, Inc. ONI), the Project Management 

Contractor for FUSBAP, conducted additional characterization surveys, where 

necessary, to mDre accurately define the boundaries of the contamination and 

conducted remedial actions to remove the contaminated 6011. 
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Remedial action vas in accordance tith an April 1984 action description 

memorandum and February 1986 work plan. 4*s The remedial action consisted of 

removal of noncontaminated cover mterlal, excavation of contaminated fill 

material, and transport of the contaminated material to the Middlesex Sampling 

Plant where it was placed in interim storage. Ffgurt 2 Is a plot plan of this 

landfill site, indicating the remedial action area. Following completion of 

excavations, BNI conducted surveys to demonstrate compliance with the cleanup 

guidelines, refilled the excavations, and restored the site surface. The 

remedial action and results of the followup surveys are described in a 

post-remedial action report and supporting data tables prepared by BNI. 6~ 7 

It is the policy of DOE to perform independent (third party) verifications 

of the effectiveness of remedial actions conducted within FL&RAP. The 

Radiologica-l Site Assessment Program of Oak Ridge Associated Universities 

(ORAU) has been designated by DOE as the organization responsible for this task 

at the Middlesex Municipal Landfill. During May through July 1986, ORAU 

performed verification activities for the landfill site. This report describes 

the procedures and findings of that verification. 

PROCEDURES 

Objectives 

The objectives of the verification were to confirm that the surveys, 

sampling, and analyses conducted prior to, during, and following remedial 

action and associated project documentation provide an accurate and complete 

description of the condition of the property and, thereby, confirm that 

remedial actions have been effective in meeting established criteria. 

Procedures 

I’ 

1. Radiologlcal survey reports, engineering evaluations, work plans, and 

the post-remedial action reports (references I-7) were reviewed. Data 

were evaluated to assure that areas exceeding criteria were identified 

and had undergone remedial action. Post-remedial action radlonuclide 
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concentrations in 6Oi1 and exposure-rate data were compared to 

criteria, and the poet-remedial action report and data were revieved 

for general thoroughness and accuracy. 

2. Thirty soil samples, collected during the post-remedial action survey, 

vere obtained from BXI and independently analyzed for Ra-226, U-238, 

and Th-232 by the ORAU laboratory to confirm the accuracy of BNI 

analyses. 

3. Survey team6 from ORAU visited the Middlesex area and performed Visual 

inspections and limited independent gamma 6can6, exposure rate 

measurements, and soil sampling on representative portions of the 

excavated area6 and restored landfill property. Dates of these 

independent surveys vere May 29 and 30, 1986; June 20, 1986; 

June 30, 1986; and July 28, 1986. 

Finding6 of the inspections and radiological surveys were compared with 

the post-remedial act ion report and the established Middlesex Municipal 

Landfill guidelines (Appendix A?. Measurement and analytical equipment and 

procedures are described in further detail in Appendices B and C. 

FINDINGS AND RESULTS 

Document Review 

Review of the ARC and OR?L survey report6 and the interim data, developed 

by ES1 during successive excavations, indicated appropriate decisions 

concerning requirement6 for remedial action. During remedial action, a narrov 

band of contaminated 6011, not previously identified by the ORNI or BNI 

characterization 6urvey6, vas discovered on the south side of the landfill and 

vas excavated. Visual ORAU inspections of selected area6 of remedial action 

confirmed the extent of excavations a6 identified by BNI in the post-remedial 

action report. Several samples, reported In the BNI data tables, contain 

Ra-226 and/or Th-232 concentrations exceeding * the guideline concentrations. 

However, these samples represent small, isolated region6 and in combination 

3 
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with other samples collected from adjacent excavated regions, the resulting 

average concentrations satisfy the guidelines, for contiguous areas of 100 m2. 

In addition, many of the samples listed in the data tables were obtained at 

interim excavation depths for remedial action control monitoring. Because of 

the need for timely excavation decisions, such samples were not dried, 

pulverizei, and held for radon inprowtt. before analysis; the concentrations 

determined were, instead, multiplied by conservative factors to account for 

anticipated effects of standard preparation and analysis procedures. Based on 

previous additional analyses of such samples, this approach has been found to 

yield concentration levels, which are conservatively overestimated by up to a 

factor of 2 to 3, depending upon the radionuclides and soil characteristics. 

Therefore, some of the data values reported in the BNI tables over estimate the 

actual concentrations in soil at this site. It should also be noted that the 

concentrations reported in the BNI data tables include background contrl- 

butions from naturally occurring materials. 

Confirmatory Sample Analyses 

Table 1 presents the results of gamma spectrometry analyses, performed by 

ORAU and BNI, for 30 soil samples from the remediated areas. For the primary 

radionuclide of concern, Ra-226, data are in agreement vithin their respective 

2o confidence levels for 23 of the 30 samples and within 3a confidence levels 

for 25 of the 30 samples. Only one sample (from grid coordinate N5760.5, 

E10917.5 in B?iI data Table 17) indicated a substantial difference between ORAU 

and B?u’I analyses. The BNI value was 36.3 ,+ 2.2 pCi/g of Ra-226 as compared to 

the ORAU value of 4.8 + 0.5 pCi/g; a reason for the discrepancy could not be 

identified. Analyses of variance on paired Ra-226 data yielded a correlation 

factor of 0.98. Thorium 232 and U-238 data pairs were within their respective 

3o confidence levels for 29 of 30 and 28 of 30 samples. On the basis of these 

f indfngs, it Is ORAU’s opinion that the BNI data are accurate, within the 

statistical limitations of the analytical procedures. 

Verification Surveys 

Excavated Area 

Figure 3 Indicates the portions of the 

surveyed by OMU. Surface scans of the 

4 
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isolated locations of elevated gamma radiation (Figure 4). The rite of these 
locations, i.e. <I m2, and the associated radiation levels indicated that the 

average soil concentrations in the 100 m‘ areas surrounding these elevated 

locations would likely satisfy the DOE guidelines for the landfill site. 

However, each of these locations was investigated f;lrther to determine the 
source of the radiation and to assure that the guideline concentrations were 

satisfied. At three of the locations, the sources were identified as “nuggets” 

of uranium ore, approximately 1 cm in diameter. Removal of these pieces of ore 

reduced the radiation levels to the ambient background ranges. Another of 

these locations was a clod of soil, which had apparently fallen into the 

completed excavation from the adjacent area, still being remediated. This 

piece of material was removed, again reducing the gamma radiation level to the 

background range. Discrete sources could not be Identified at the other two 

locations of elevated radiation. Soil samples, obtained from these two 

locations, contained radionuclide concentrations within the guideline levels 

(Table 2). 

Gamma exposure rates, measured in the surveyed portions of the excavation 

are presented in Table 3. Leveis ranged from 8 to 34 *R/h at contact and 7 to 

64 uR/h at 1 m above the bottom of the excavation. The two highest contact and 

1 m measurements were at grid coordinates N5380, E10927, and h’5380, E10955. 

Both of these measurements were at the edge of an ongoing excavation. At all 

other measurement points the highest contact and 1 m exposure rates were 

15 @R/h and 17 uR/h, respectively. 

Soil samples (IS cm depth) were collected at locations of gamma 

measurements; radionuclide concentrations in these samples are summarized in 

Table 4. All soil concentration values include background levels. Three of 

these samples contained Ra-226 concentrations above the guideline level of 

15 pci/g. The highest concentration was 48.0 pCl/g at grid location N5308, 

E 10927 ; this sampling location was at the edge of an active excavation and 

included loose contaminated soil which had fallen onto the previously excavated 

surface. Most other samples contained Ra-226 concentrations well below 

15 pCi/g, and averaging over an area of 100 mL would result in levels below the 

15 pCi/g (above background) guideline. Thorium 232 concentrations were 

generally lower than the Ra-226 concentrations. The maximum Th-232 
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concentration maeured was 3.0 pCi/g - ml1 btlou the 15 pCi/g guideline 

level. The highest U-238 concentration was 57.7 pCl/g; this was the sample 

that also contained the highest Ra-226 concentration. 

These direct measurements and samples indicate that remedial actions were 

effective in removing radiologically contaminated material from the landfill 

and reducing residual radionuclidt levels to within the guidelines tstabllshtd 

for this project. 

Backf illtd Areas 

Walkover scans of the entire landfill site, conducted after backfilling of 

excavations, Identified 11 small (<l m2) isolated locations and two larger 

areas (up to approximately 25 m2) of elevated contact gamma radiation. These 

locations are shown on Figure 5. As was the case with the areas of elevated 

radiation identified in the excavations, the small site of most of these 

locations and the associated radiation levels indicated that the average soil 

concentrations over 100 m’ areas .would still satisfy the Ra-226 guideline level 

of 5 pCl/g above background. Further investigations at the small Isolated 

locations resulted in ldentiflcatlon and removal of small nuggets of uranium 

ore from ten locations; a discrete source could not be identified at the other 

location. A soil sample obtained from the point of highest contact radiation 

at this location contained a b-226 concentration of 1.4 pCi/g (Table 2). 

The two larger areas of elevated contact radiation were adjacent to the 

excavated portion of the landfill. Based on their location and the surface 

nature of the contamination, It is believed that these areas may have resulted 

from spillage during earlier activities at the landfill, i.e. before the 

current remedial actions. BNI performed removal of the surface 6011 at these 

locations to a depth of 15-30 cm9 Followup gamma scans of these areas 

Indicated that the radioactive contamination had been effectively removed. 

Soil samples were collected from locations in each of these areas, where the 

highest contact gamma radiation level was measured. The analyses, presented In 

Table 2, indicated a maximum Ra-226 concentration of 14.3 pCi/g. Because these 

samples represented what would become a subsurface layer after backfilling, 

concentrations were vithin the DOE guideline level of 15 pCl/g above 

6 
II-285 



background. Uranium and thorium concentrations In these samples were less than 

the Ra-226 levels. 

Gamma exposure rate measurements at 50 foot (15.15 m) intervals throughout 

the site are presented in fable 5. These. levels ranged from 5-8 $‘h 2: 

surface contact and from 6-8 uR/h at 1 m above the surface. These levels are 

comparable to typical background exposure rates In the Middlesex, New Jersey 

area. 

Radionuclide concentrations In surface soil samples from 100 foot 
intervals are presented In Table 6. Concentration ranges were Ra-226, 0.3 to 

2.6 pCi/g; Th-232, 0.4 to 2.0 pCl/g; and U-238, (0.4 to 4.5 pCl/g. All of 
these samples contained concentrations of Ra-226 and Th-232, which are vithin 

the DOE’s guidelines for surfaee soil, and concentrations of U-238, which are 

below the guideline levels typically used for remedial actions at DOE FUSRAP 

sites. 

On the basis .of the direct pleasurements and soil sampling, performed as 

part of this survey, external radiation levels and radionucllde concentrations 

on the backfilled landfill property satisfy the DOE remedial action guidelines. 

CONCLUSIONS 

Between May 1986 and !4ay 1987, Oak Ridge Associated Universities’ 

Radiological Site Assessment Program performed independent activities to verify 

the adequacy of remedial actions at the MIddlesex Municipal Landfill and the 

accuracy of documentation supporting the remedial actions. The verification 

activities included document reviews, confirmatory laboratory analyses, and 

Independent direct measurements and sample analysis. Based on the results and 

findings of these activities It is ORW’s opinion that the remedial action has 

been effective in satisfying the established DOE criteria. It Is also ORAU’s 

- opinion that the documentation supporting the remedial action process Is 

adequate and accurate. A verification letter, Indicating these opinions, was 

provided to DOE in Xarch 1987.’ 

7 
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FIGURE 1: Location of the Middlesex Municipal Landfill Site 
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TABLE 1 

RESULTS OF CONFIRMATORY ANALYSES ON SOIL SAMPLES 
PROH THE MIDDLESEX MUNICIPAL LANDFILL 

Sample Identificationa 
Table Grid Coordinate 

N E 

Analysis Radionuclide Concentrations (pCi/F - 
BY Ra-226 Th-232 U-238 

15 

17 

- 

19 

5655.5 10962.5 

5385.5 10857.5 

5490.5 10857.5 

5525.0 11050.0 

5430.5 11037.5 

5460.5 11037.5 

5745.5 11067.5 

5790.5 10932.5 

5370.5 11022.5 

5430.5 11022.5 

5760.5 

5670.5 

5730.5 

5700.5 

10917.5 

10932.5 

10932.5 

10947.5 

BNI 
ORAU 

BNI 
ORAU 

BNI 
o&w 

BNI 
oluu 

BNI 
ORAU 

BNI 
OIUU 

Bh'I 
ORAU 

BKI 
ORAU 

B?;I 
ORAU 

BNI 
oludl 

BNI 
OIUU 

BNI 
ORAU 

BNI 
OIUU 

BNI 
ORAU 

1.6 f 0.4C 
2.1 + 0.3 

5.2 f 0.6 
3.2 ,* 0.3 

7.2 2 0.5 
8.3 f 0.5 

1.2 ,+ 0.1 
1.2 * 0.3 

23.6 * 7.1 
29.7 f 1.1 

14.2 f 0.6 
14.3 f 0.8 

1.8 + 0.2 
2.3 f 0.3 

11.4 f 3.1 
16.3 + 0.8 

11.4 f 0.7 
12.9 ?: 0.8 

10.6 2 0.6 
11.1 + 0.8 

36.3 2 2.2 
4.8 f 0.5 

5.5 2 0.6 
6.0 2 0.5 

11.1 + 0.9 
11.3 + 0.8 

8.2 f 0.7 
9.1 f 0.6 

II-292 
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0.7 2 0.1 
1.4 f 0.6 

1.0 + 0.3 
1.5 + 0.5 

(0.8 
1.1 f 0.5 

1.2 i 0.3 
1.5 ,+ 0.5 

(2.2 
1.8 2 1.0 

0.7 ,* 0.3 
2.4 2 0.9 

<0.8 
2.2 f 0.6 

0.9 ,+ 0.5 
0.7 f 0.7 

1.4 f 0.5 
1.5 f 0.7 

0.6 2 0.4 
<0.5 

<2.7 
1.4 f 2.8 

6.7 ,+ 3.C 
9.4 f 1.7 

9.1 + l.? 
11.8 ,+ 1.2 

2.5 f 1.8 
2.4 ,+ 2.6 

8.0 2 1.4 
20.2 f 3.1 

12.0 -+ 1.2 
13.3 f 2.: 

4.2 f 1.5 
3.6 f l.! 

11.7 f 4.2 
15.9 ,+ 2.3 

8.7 2 3.: 
5.7 -+ 3.; 

9.0 f 1.; 
14.8 

1.7 + 0.9 
1.2 f 0.6 

1.0 f 0.1 
0.8 i 0.3 

0.6 2 0.7 
<0.4 

26.0 f 8.2 
5.0 f 2.4 

5.8 f 3.1 
6.2 ,+ 1.0 

16.4 f 4.0 
12.5 f 2.a 

1.0 f 0.7 6.5 f 0.3 
2.4 f 0.7 11.0 + 4.5 



TABLE 1 (Continued) 

RESULTS OF CONFIRMATORY ANALYSES ON SOIL SAMPLES 
FROM THE MIDDLESEX MJNICIPAL LANDFILL 

Sample Identification 
Table Grid Coordinate 

N E 

Analysis Radionuclide Concentrations (pCi/g: 
BY Ra-226 Th-232 U-238 

19 5670.5 

21 5475.5 

5445.5 

5490.5 

23 5768.0 

5790.5 

5700.5 

25 5805.5 

5615.0 

5510.0 

5555.0 

5645.0 

26 5570.0 

29 5280.5 

10962.5 

10902.5 

10977.5 

10977.5 

10782.5 

10902.5 

10932.5 

10887.5 

10900.0 

11005.0 

11005.0 

11005.0 

10900.0 

10917.5 

BNI 
ORAU 

BNI 
ORAU 

BNI 
OFUU 

BNI 
ORAU 

BNI 
0RAl.l 

BNI 
ORAU 

BNI 
ORAU 

BNI 
ORAL! 

Bh'I 
ORAU 

BNI 
ORAU 

BNI 
OIUU 

BNI 
ouu 

BNI 
ORAU 

BNI 
ORAU 

II-293 
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8.5 f 0.5 
8.8 2 0.6 

8.9 f 1.0 
12.6 ,+ 0.8 

1.6 2 0.3 
2.1 ,+ 0.4 

3.7 2 0.6 
4.1 ,+ 0.4 

0.6 2 0.1 
0.8 ,+ 0.2 

6.4 2 0.6 
8.4 f 0.7 

14.6 t 0.6 
17.3 2 1.0 

0.5 t 0.2 
1.0 f 0.3 

4.2 + 0.2 
4.6 2 0.5 

11.5 f 1.1 
11.6 f 0.9 

10.4 + 0.8 
9.9 ,+ 0.7 

5.7 f 0.6 
6.3 f 0.6 

3.0 f 0.3 
3.5 t 0.5 

1.3 f 0.2 
1.6 f 0.2 

1.0 f 0.3 
1.1 + 0.6 

1.3 ,+ 0.3 
1.7 2 0.7 

1.0 f 0.5 
1.6 + 0.6 

1.3 + 0.5 
1.3 f 0.7 

0.7 f 0.2 
0.9 f 0.4 

1.3 ,+ 5.2 
2.1 ,+ 0.7 

<0.9 
(0.5 

0.7 f 0.3 
1.1 ,+ 0.4 

1.3 f 0.9 
1.3 + 0.6 

0.6 ,+ 0.5 
1.4 ,+ 1.1 

<l.l 
<0.6 

8.1 2 4.0 
9.4 f 3.0 

15.3 i: 2.8 
8.9 f 6.0 

<6.3 
9.9 f 2.3 

3.7 9 3.3 
9.8 -+ 2.6 

<5.4 
1.7 f 0.5 

4.9 2 2.9 
3.4 2 4.9 

9.9 f 4.8 
14.2 -+ 7.9 

1.3 -+ 0.6 
<l.l 

6.1 ,+ 2.; 
5.5 ,+ 1.5 

16.8 + 4.; 
13.7 f 5.3 

9.5 f 5.3 
<15.1 

1.9 f 0.5 6.4 2 2.0 
2.7 f 0.7 6.1 ,+ 4.1 

2.0 f 1.3 1.8 f 0.3 
4.0 t 1.0 3.0 f 2.1 

0.9 f 0.5 5.6 f 1.3 
1.4 2 0.6 5.0 2 2.2 



RESULTS OF 
FROM 

TABLE 1 (Continued) 

CONFIRMATORY ANALYSES ON SOIL SAMPLES 
THE MIDDLESEX MUNICIPAL LANDFILL 

Sample Identification 
Table Grid Coordinate 

N E 

Analysis Radionuclide Concentrations (pCi/g) 
BY Ra-226 Th-232 U-238 

29 5280.5 10932.5 BNI 1.5 ? 0.3 1.3 + 0.5 6.4 f 1.5 
ORAU 1.3 + 0.3 1.3 + 0.4 5.2 2 1.7 

5280.5 10977.5 BNI 1.7 f 1.0 1.0 2 0.5 5.4 f 1.8 
ORAU 2.1 f 0.4 1.5 2 0.6 4.8 t 3.9 

aFron Post-Remedial Action Report data tables. 
honcentrations include background contributions from naturally occurring 

radionuclides in soil. 
CUncertaintfes are 20 based only on counting statistics: Sy6teIWtiC ORAU laboratory 

uncertainties, estimated at ,+ 6 to 10X, are not included in the reported values for 
the ORAU analyses. 

II-294 
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TABLE 2 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
FROM LOCATIONS IDENTIFIED BY WALKOVER SCANS 

Grid Location Radionuclide Concentrations (pCi/pja 
Ra-22o Th-232 b-238 

Excavated Areab 

N5411, El0937 

N5675, El0905 

3.1 + 0.9d 2.1 f 0.9 3.0 f 2.0 

11.3 ,+ 0.9 2.0 f 0.9 12.4 2 4.6 

Backfilled Area= 

N5593, El0816 
(hot spot) 

1.4 ,+ 0.3 1.3 ,+ 0.4 0.5 2 0.8 

N5657, El0681 14.3 ,+ 0.7 10.7 f 1.1 11.4 * 4.3 

N5722, El0656 5.4 t 0.5 5.4 * 0.7 2.3 f 4.0 

aConcentratIons Include background contributions from naturally 
occurring radionuclides In soil. 

bRefer to Figure 4. 
CRefer to Figure 5. 
dLJncertainties are 20 based only on counting statistics; additional 

analytical uncertainties of + 6 to 10% have not been propagated in 
these data. 

-’ 
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TABLE 3 

GM?iA EXPOSURE RATES MEASURED 
IN EXCAVATED AREAS 

Grid Locationa Exposure Rate (J?fh)b 
N E Surface Contact 1 m Above Surface 

5380 10927 34 64 
5380 10955 16 20 
5384 10980 10 a 
5408 10927 10 IO 
5408 10955 14 14 
5408 10975 9 9 
5438 10927 15 17 
5438 10955 14 14 
5438 10975 8 8 
5468 10926 12 10 
5468 10955 14 15 
5468 10970 8 8 
5498 10925 10 10 
5498 10955 8 8 
5498 10970, 7 7 
5515 10970 8 10 
5516 10927 10 12 
5516 10955 13 10 
5657 10913 8 12 
5663 10925 10 10 
5663 10925 14 10 
5668 10985 14 12 
5668 11007 14 14 
5678 10913 8 10 
5678 10923 8 8 
5678 10955 14 12 
5678 10985 12 14 
5678 11007 14 17 
5708 10910 12 14 
5708 10925 10 10 
5708 10955 10 10 
5708 10985 10 10 
5708 11008 14 15 
5738 10906 14 10 
5738 10925 12 12 
5738 10955 lo- 10 
5738 10985 10 10 
5738 11008 10 12 
5768 10908 10 10 
5768 1092 5 12 12 
5768 10955 10 10 
5768 10985 10 10 

- 

II-296 
17 



TABLE 3 (Continued) 

. 

CAMMA EXPOSURE RATES MEASURED 
IN EXCAVATED AREAS 

Grid Location 
N E 

Exposure Rate (s/h) 
Surface Contact 1 m Above Surface 

5768 11008 12 10 
5798 10930 12 10 
5798 10955 10 10 
5798 10985 10 10 
5798 11010 8 10 

aRefer to Figure 3. 
blncludes background exposure rate-typical range, 6 co 10 $/h. 

-’ 

- 
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TABLE 4 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
COLLECTED FROn EXCAVATED AREAS 

Grid Locationa Radionuclide Concentrations (pCi/g)b 
s E Ra-226 Th-23: U-236 

5380 10927 48.0 2 1.4C 
5380 10955 9.9 ,+ 0.8 

5384 10980 3.6 f 0.5 

5408 10927 1.7 ,+ 0.5 
5408 10955 2.2 f 0.7 
5408 10975 6.8 ,+ 0.9 

5438 10927 1.7 ,+ 0.5 
5438 10955 3.5-T 0.8 
5438 10975 1.7 f 0.6 

5468 10926 1.9 + 0.5 
5468 10955 4.3’ 2’1.3 
5468 10970 3.0 f 0.6 

5498 10925 1.9 + 0.7 
5498 10955 1.2 f 0.2 
5498 10970 1.7 f 0.8 

5515 10970 1.2 f 0.4 

5516 10927 2.0 f 0.6 
5516 10955 3.7 + 0.4 

5657 10913 1.4 -+ 0.3 

5663 10925 5.3 2 0.8 
5663 10955 2.9 ,+ 0.5 

5668 10985 1.0 f 0.3 
5668 11007 1.6 f 0.4 

5678 10913 2.2 2 0.4 
5678 10923 0.8 f 0.3 
5678 10955 3.2 ,+ 0.5 
5678 10985 4.4 f 0.5 
5678 11007 24.5 f 1.5 

1.5 + 0.7 
0.8 ,+ 0.7 

1.6 f 0.5 

1.4 f 0.8 
2.1 2 0.9 
3.0 2 1.5 

1.1 + 0.8 
2.5 f 1.2 
1.2 2 0.9 

1.2 f 0.6 
2.1 2 1.0 
1.6 ,+ 0.6 

1.4 ,+ 0.7 
1.5 ,+ 0.4 
1.5 ,+ 1.5 

0.3 2 0.4 

1.5 + 1.0 
0.9 2 0.6 

1.2 + 0.6 

1.6 + 0.8 
1.3 ,+ 0.5 

1.6 2 0.4 
1.8 f 0.6 

1.2 * 0.5 
0.5 f 0.3 
2.3 f 1.1 
1.5 + 0.8 

<0.6 

5708 10910 1.6 + 0.4 1.2 f 0.6 
5708 10925 12.0 f 0.8 1.1 ,+ 0.8 
5708 10955 0.8 f 0.2 1.4 f 0.5 

57.7 f 2.9 
8.6 2 3.6 

2.3 ,+ 2.4 

1.1 + 1.2 
3.3 f 2.9 
1.9 f 2.2 

2.8 f 1.9 
14.0 2 3.1 

5.5 2 2.7 

(0.5 
4.8 t 1.9 
3.0 f 2.3 

3.3 f 1.5 
0.5 2 0.4 
1.4 f 1.7 

2.1 f 1.2 

2.0 f 2.9 
2.5 2 0.9 

0.9 ,+ 2.3 

3.8 f 3.4 
3.0 2 3.0 

1.7 9 1.2 
2.9 f 2.4 

3.7 ,+ 1.1 
1.1 + 1.6 
5.2 f 1.8 

10.0 f 1.5 
13.7 ,+ 6.3 

2.6 f 2.3 
2.9 2 1.3 
4.1 2 4.1 

-’ 
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TABLE 4 (Continued) 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
COLLECTED FROM EXCAVATED AREAS 

Grid Location Radionuclide Concentrations (pCi/p) 
6 E Ra-226 Th-232 u-238 

5708 10985 2.0 f 0.5 
5708 11008 14.5 + 0.9 

1.3 f 0.6 
0.9 f 1.3 

3.8 ;f 3.0 
6.5 ,+ 3.4 

5738 10906 1.5 f 0.4 1.2 + 0.4 2.1 f 2.5 
5738 10925 6.1 2 0.6 1.2 2 0.4 3.2 ,+ 1.2 
5738 10955 3.9 * 0.6 1.0 ,+ 0.7 5.7 f 4.3 
5738 10985 2.3 f 0.5 1.6 f 0.7 2.5 f 1.8 
5738 11008 3.8 f 0.5 2.1 f 0.7 3.3 2 1.8 

5768 @OS08 1.5 f 0.3 1.2 ,+ 0.4 0.6 + 0.7 
5768 10925 5.0 2 0.8 2.4 2 1.0 12.0 f 4.1 
5768 10955 6.3 2 0.6 0.6 2 0.4 4.8 f 3.6 
5768 10985 3.0 ,+ 0.5 1.2 + 0.6 3.8 ,+ 1.0 
5768 i 1008 6.0 2 0.6 1.4 ,+ 0.5 6.9 f 2.2 

5798 10930 3.9 t 0.7 1.1 + 0.7 6.6 ,+ 2.4 
5798 10955 1.6 f 0.4 1.1 + 0.7 5.0 t 3.8 
5798 10985 0.7 ,+ 0.3 0.7 ,+ 0.5 0.9 f 2.0 
5798 11010 0.8 2 0.2 0.8 f 0.4 0.9 2 1.3 

aRefer to Figure 3. 
bconcentrations Include background contributions from naturally 

occurring radionuclides in soil. 
cuncertainties are 2a based only on counting statistics; additional 

analytical uncertainties of ,+ 6 to 10X have not been propagated in these 
data. 

II-299 
20 



.I 

-- 

- 

- 

-’ 

TABLE 5 

EXPOSURE RATES MEASURED AT SO FOOT 
GRID INTERVALS AFTER BACKFILLING 

OF REMEDIAL ACTION EXCAVATIONS 

Grid Locationa Exposure Rate ( -$/h)b 
N E Surface Contact 1 a Above Surface 

5187 10865 
5187 10915 
5187 10965 
5237 10815 
5237 10865 
5237 19915 
5237 10965 
5237 11015 
5287 10745 
5287 10765 
5287 10815 
5287 10865 
5287 10915 
5287 10965 
5287 11015 
5337 10725 
5337 10765 
5337 10815 
5337 10865 
5337 10915 
5337 10965 
5337 11015 
5337 11065 
5337 11095 
5387 10705 
5387 10715 
5387 10765 
5387 10815 
5387 10865 
5387 10915 
5387 10965 
5387 11015 
5387 11065 
5387 11093 
5437 10672 
5437 107 15 
5437 10765 
5437 10815 
5437 10865 
5437 10915 
5437 10965 
5437 11015 

8 
7 
7 
6 
6 
6 
7 
6 
6 
6 
6 
7 

B-C 

7 
6 
6 

7 
7 
6 
8 
8 
6 
6 
5 
8 
8 
8 
7 
7 
6 
7 
6 
6 
6 
8 
8 
7 
6 
7 

II-300 
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8 
7 
7 
6 
6 
6 
7 
6 
6 
6 
6 
7 

-- 
-- 
-- 

7 
6 
6 

7 
7 
6 
8 
7 
6 
6 
6 
8 
8 
8 
7 
7 
6 
7 
6 
7 
6 
8 
8 
7 
6 
7 

. 
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TABLE 5 (Continued) 

EXPOSURE RATES MEASURED AT 50 F’OOT 
GRID INTERVALS AFTER BACKFILLING 

OF REMEDIAL ACTION EXCAVATIONS 

Grid Location Exposure Rate ( IS/h) 
N E Surface Contact 1 m Above Surface 

5437 11065 7 
5437 11095 7 
5487 10644 7 
5487 10665 8 
5487 10715 7 
5487 10765 7 
5487 10815 8 
5487 10865 8 
5487 10915 7 
5487 10965 7 
5487 11015 8 
5487 11065 7 
5487 11100 7 
5537 10616 7’ 
5537 10665 8 
5537 10715 - 7 
5537 10765 7 
5537 10815 7 
5537 10865 7 
5537 10915 8 
5537 10965 8 
5537 11015 8 
5537 11065 7 
5537 11095 7 
5587 10585 7 
5587 10615 7 
5587 10665 8 
5587 10715 6 
5587 10765 7 
5587 10815 7 
5587 10865 7 
5587 10915 7 
5587 10965 7 
5587 11015 8 
5587 11065 7 
5587 11086 7 
5637 10585 6 
5637 10615 6 
5637 10665 7 
5637 10715 7 
5637 10765 6 
5637 10815 7 
5637 10865 7 

8 
7 
7 
8 
7 
7 
8 
8 
7 
7 
7 
7 
7 
7 
8 
7 
7 
7 
7 
8 
7 
7 
7 
6 
6 
7 
8 
6 
7 
8 
7 
7 
7 
7 
7 
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TABLE 5 (Continued) 

EXPOSURE RATES MEASURED AT 50 FOOT 
GRID INTERVALS AFTER BACKFILLING 

OF R!%EDIAL ACTION EXCAVATIONS 

Grid Location Exposure Rate (s/h) 
N E Surf ace Contact 1 I Above Surface 

5637 10915 
5637 10965 
5637 11015 
5637 11065 
5637 11115 
5637 11148 
5687 10585 
5687 10615 
5687 10665 
5687 10715 
5687 10765 
5687 10815 
5687 10865 
5687 10915 
5687 10965 
5687 11015 
5687 11065 
5687 11115 
5687 11165 
57 37 10644 
5737 10665 
5736 10715 
5737 10765 
5737 10815 
5737 10865 
5737 10915 
5737 10965 
5737 11015 
5737 11065 
5737 11115 
5737 11165 
5787 10700 
5787 107 15 
5787 10765 
5787 10815 
5787 10865 
5787 10915 
5787 10965 
5787 11015 
5787 11065 
5787 11115 
5787 11165 

7 
7 
7 
6 
7 
6 
6 
6 
6 
7 
6 
6 
7 
7 
7 
7 
7 
6 
6 
6 
6 
7 
6 
6 
6 
7 
6 
6 
7 
7 
6 
6 
6 
6 
7 
6- 
7 

7 
7 
7 
7 
6 
6 
6 
6 
6 
7 
6 
6 
7 
7 
6 
7 
7 
6 
6 
6 
6 
6 
6 
6 
6 
7 
6 
6 
7 
7 
6 
6 
6 
7 
7 
6 
7 
6 
6 
7 
7 
6 
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TABLE 5 (Continued) 

EXPOSURE RATES MEASURED AT 50 FOOT 
GRID INTERVALS AFTER BACKFILLING 

OF REMEDIAL ACTION EXCAVATIONS 

Grid Location 
N E 

Exposure Rate (G/h) 
Surf ace Contact 1 m Above Surface 

5837 107 15 
5837 10765 
5837 10815 
5837 10865 
5837 10915 
5837 10965 
5837 11015 
5837 11065 
5849 10815 
5853 10856 
5855 10965 
5858 10915 

6 
6 
7 
6 
7 
6 
6 
5 
6 - 
6 
6 
6 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

aRefer to Figure 2. 
.bIncludes background exposure rate-typical range, 6 to 10 $/h. 
bNo measurement taken: excavated area had not been backfilled at 

time of survey. 
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TABLE 6 

UDIONUCLIDE CONCENTRATIONS IN SURFACE SOIL 
FROM BACKFILLED AREAS FOLLOWING REKEDIAL ACTION 

Grid Coordinatea 
N E 

Radionuclide Concentrations (pCi/gjb 
b-226 Th-232 U-238 

5187 10865 0.9 f 0.3c 1.8 f 0.8 (0.8 
5187 10965 0.5 ,+ 0.2 0.8 f 0.4 0.9 5 0.8 

5237 10815 0.4 2 0.1 0.8 f 0.4 0.8 ,+ 1.0 
5237 10865 0.5 f 0.2 0.8 2 0.4 (0.4 
5237 10915 0.7 f 0.2 0.5 f 0.5 1.0 f 0.8 
5237 10965 0.4 ,+ 0.2 0.9 f 0.4 <0.5 
5237 11015 0.8 f 0.3 1.2 + 0.4 1.2 2 0.9 

5287 10765 0.3-2 0.1 0.7 f 0.4 

5337 10725 1.0 f 0.3 1.8 2 0.5 
5337 10815 0.5 ,+ 0.1 0.5 f 0.4 
5337 10915 0.8 f 0.'2 1.0 + 0.4 
5337 11015 0.4 2 0.1 0.9 * 0.3 
5337 11095 0.7 2 0.3 1.1 f 0.8 

0.8 f 0.8 

0.7 2 1.0 
0.9 ,+ 1.0 

CO.6 
0.3 f 0.3 

<0.9 

5387 10705 0.7 2 0.2 0.7 f 0.3 (0.8 
5387 10765 0.8 f 0.2 1.4 f 0.4 2.0 2 1.4 
5387 10865 1.0 ,+ 0.2 1.4 2 0.4 0.5 f 0.4 
5387 10965 1.6 + 0.4 0.9 2 0.6 1.7 2 2.2 
5387 11065 0.9 f 0.2 1.0 ,+ 0.4 0.4 -+ 1.6 

5437 10715 0.4 2 0.2 1.0 + 0.6 
5437 10815 1.0 f 0.2 1.5 2 0.5 
5437 10915 1.0 f 0.2 0.9 f 0.3 
5437 11015 1.2 2 0.2 1.4 -+ 0.5 
5437 11095 0.9 f 0.2 1.2 + 0.4 

5487 10665 1.0 2 0.2 1.5 + 0.3 
5487 10765 1.6 f 0.3 1.6 f 0.4 
5487 10865 1.1 f 0.2 1.4 f 0.4 
5487 10965 0.8 2 0.2 0.8 2 0.3 
5487 11065 1.9 f 0.4 1.2 2 0.6 

5537 10616 0.8 f 0.2 1.3 f 0.4 
5537 10715 0.7 f 0.3 1.0 + 0.3 
5537 10815 1.0 f 0.2 1.8 f 0.5 
5537 10915 1.2 f 0.2 1.3 f 0.5 
5537 11015 1.3 f 0.3 1.0 ,+ 0.4 
5537 11095 0.6 f 0.3 0.6 2 0.4 

1.2 ,+ 1.1 
2.8 ,+ 0.8 
1.7 ,+ 1.3 
0.7 2 1.3 
0.5 5 0.8 

2.3 2 0.7 
4.4 f 5.6 
2.1 2 1.2 
0.8 ,+ 0.5 
4.5 f 2.6 

1.7 2 0.8 
1.7 2 2.0 

f 
1.7 2 0.8 
1.1 f 1.6 
0.6 f 1.2 
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TABLE 6 (Continued) 

MDIONUCLIDE CONCENTRATIONS IN SURJ’ACE SOIL 
FROM BACKFILLED AREAS FOLLOWING REMEDIAL ACTION 

Grid Coordinate 
N F 

Radionuclide Concentrations (pCi/p;) 
Ra-226 TIP232 U-238 

5587 10585 1.1 + 0.3 1.0 2 0.5 1.1 * 0.5 
5587 10665 0.9 2 0.4 1.8 f 0.6 <l.O 
5587 10765 0.8 2 0.2 1.7 f 0.5 <0.6 
5587 10865 0.8 ? 0.2 1.5 f 0.5 1.6 f 0.8 
5587 10965 1.2 f 0.3 1.4 2 0.5 3.9 f 1.8 
5587 11065 0.6 f 0.2 1.4 2 0.3 1.5 f 0.7 

5637 10615 1.1 f 0.2 0.6 f 0.3 <0.8 
5637 10715 0.9 2 0.2 1.4 f 0.4 1.0 f 1.3 
5637 10815 0.9 2 0.2 1.7 f 0.4 2.9 f 0.7 
5637 10915 2.0 ,+ 0.3 1.5 2 0.5 1.9 ,+ 2.3 
5637 11015 1.2 2 0.3 1.5 f 0.6 3.0 2 2.0 
5637 11115 1.5 f 0.3 1.3 f 0.5 1.3 ,+ 1.0 
5637 11148 2.6 ,+ 0..4 1.0 ,+ 0.9 2.9 f 2.3 

5687 10585 0.5 f 0.2 0.5 * 0.5 0.9 f 1.1 
5687 10665 0.5'2 0.1 0.7 2 0.3 0.6 f 1.0 
5687 10765 0.9 f 0.3 1.5 f 0.5 <0.8 
5687 10865 0.8 ,+ 0.2 1.0 ,+ 0.5 0.9 t 1.8 
5687 10965 0.9 ? 0.2 1.2 2 0.3 1.5 2 0.6 
5687 11065 1.1 f 0.3 1.6 ,+ 0.6 (0.9 
5687 11165 0.7 f 0.2 1.5 f 0.4 1.6 f 1.1 

5737 .10644 0.8 -+ 0.2 0.8 2 0.3 0.5 f 0.8 
5737 107 15 0.8 + 0.2 1.0 + 0.4 <0.8 
5737 10815 1.0 -+ 0.2 1.5 ,+ 0.5 (0.7 
5737 10915 1.0 + 0.2 0.8 2 0.4 1.3 t 0.9 
5737 11015 0.9 ,+ 0.2 1.2 f 0.5 <0.9 
5737 11115 1.2 f 0.3 1.2 + 0.4 1.7 f 1.0 

5787 10700 0.6 ,+ 0.2 1.0 f 0.6 0.4 2 0.5 
5787 10765 0.9 t 0.3 1.4 f 0.5 <1.8 
5787 10865 1.0 f 0.2 1.5 f 0.5 1.8 + 0.8 
5787 10965 0.7 2 0.2 1.0 ,+ 0.4 1.6 t 0.6 
5787 11065 0.8 f 0.3 1.3 f 0.5 <0.8 
5787 11165 2.3 2 0.4 1.1 f 0.5 2.6 f 1.5 

5837 10715 0.7 f 0.3 1.0 f 0.4 1.1 f 1.2 
5837 10815 1.1 f 0.4 1.9 f 0.9 2.2 f 2.5 
5837 10915 1.0 2 0.3 0.9 f 1.6 <l.O 
5837 11015 0.8 2 0.2 0.8 i0.3 2.6 2 0.6 
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TABLE 6 (Continued) 

-- 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL 
FROM BACKFILLED AREAS FOLLOWING REMEDIAL ACTION 

Grid Coordinate 
!i E 

Radionuclide Xoncentracions (pCi/g) 
Ra-226 Th-232 U-238 

5853 10865 1.8 2 0.4 2.0 2 0.7 1.6 ,+ 0.9 

5855 10965 1.0 + 0.2 1.3 2 0.5 1.4 * 1.2 

aRefer to Figure 2. 
bConcentratlons include background contributions from naturally 

occurring radlonuclldes in 6011. 
CUncertaintles are 20 based only on counting statistics; additional 

analytical uncertainties of f 6 to 10% have not been propagated in 
these data. 

. 

-’ 
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APPENDIX A 

Criteria Applicable to the Kiddlesex Municipal Landfill Site 

The Department of Energy’s radiological criteria for remedial action are 

presented in the “U.S. Department of Energy Guidelines for Residual 

Radioactivity at formerly Utilized Sites Remedial Action Program and Remote 

Surplus Facilities Management Program Sites” Revision 2, Uarch 1987. The 

portions of those guidelines applicable to the Ulddlesex Municipal Landfill 

Site are: 

1. Radionucllde Concentrations In Soil 

Radium 226 and Thorium 232 - 

5 pCi/g (above background) averaged over the first 15 an of soil 

below the surface; 15 pCi/g (above background) when averaged over 

any 15-cm-thick soil layer below the surface layer. Averaging 

may be performed over a contiguous 100 m2 surface area. 

Uranium 238 

A site-specific uranium concentration guideline was not developed 

for the landfill, because the contaminant at this site would be 

expected to have a uranium content comparable to or lower than 

the corresponding radium-226 concentrations. Radium-226 will 

thus be the controlling radionuclide, even though some uranium 

levels may also be elevated. For other FUSRAP sites, where a 

uranium soil concentration guideline has been developed, the 

values are typically 40 to 75 pCl/g. 

2. Direct Radiation - 

External direct gamma radiation levels should be such that, under 

reasonable conditions of site use and occupancy, an individual 

would not receive a dose equivalent In excess of 100 mremfy above 

background. 

A-l 
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APPENDIX B 

Hajor Sampling And Analytical Equipment 

The display or description of a specific product is not to be construed as 

an endorsement of that product or its manufacturer by the authors or their 

employer. 

A. Direct Radiation Measurements 

Eberline PM-6 
Portable Ratemeter 
(Eberline, Sante Fe, NM) 

Victoreen NaI Gamma Sclntlllatlon Probe 
Model 489-55 
(Victoreen, Inc., Cleveland, OH) 

Reuter-Stokes Pressurized Ionization Chamber 
Model RSS-111 
(Reuter-Stokes, Cleveland, OH). 

B. Laboratory Analysis 

Ge (Li ) Detector 
Model LGCC2220SD, 23% Efficiency 
(Princeton Gamma-Tech, Princeton, NJ) 

Used in conjuctlon with: 
Lead Shield, SPG-16 
(Applied Physical Technology, Smyrna, GA) 

High-Purity Germanium 
Yodel G?lX-23195-S, 23% Efficiency 
(EG&G ORTEC, Oak Ridge, TN) 

Used in conjunction with: 
Lead Shield, G-16 
(Gamma Products Inc., Palos Hills, IL) 

High Purity Gemanlum Coaxial Well Detector 
Model GUL-110210-PUS-S, 23% Efficiency 
(EGliG ORTEC, Oak Ridge, TN) 

Used in conjunction with: 
Lead Shield Model G-16 
(Applied Physical Technology, Atlanta, GA) 

B-l 
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High Purity Geranium Detector 
Model IGC25, 25% Efficiency 
(Princeton Gamma-Tech, Princeton, NJ) 

Used In conjunction with: 
Lead Shield 
(Nuclear Data, Schaumburg , IL) 

Hultlchannel Analyzer 
ND-66/ND-680 System 
(Nuclear Data, Inc., Schaumburg, IL) 

B-2 
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APPENDIX C 

MEASUREMENT AND ANALYTICAL PROCEDURES 
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APPENDIX C 

Measurement and Analytical Procedures 

Gamma Surface Scans 

Walkover surface scans were performed at approxlPately 1 meter Intervals, 

using Eberline Model PRH-6 portable ratemeters with Victoreen Model 489-55 

gamma scintillation probes, containing 3.2 cm x 3.8 cm NaI(T1) scintillation 

crystals. Belative count rates were monitored using earphones and Increased 

rates above the ambient background levels were noted. 

Gamma Exposure Bate Measurements - 

Measurements of gamma radiation levels were performed using Eberline Model 

PBM-6 portable ratemeters with Victoreen Model 489-S5 gamma scintillation 

probes. Count rates (cpm) were converted to exposure rates (@/h) using 

calibration factors determined by comparison of gamma scintillation probe 

responses at various exposure levels as measured with a pressurized ionization 

chamber. 

Soil Sample Analysis 

Gamma Spectrometery 

Soil samples were dried, mixed, and a portion placed in a 0.5 1 Marinelli 

beaker. The quantity placed in each beaker was chosen to reproduce the 

calibrated counting geometry and ranged from 600 to 900 g of soil. Beakers 

were sealed and radon and radon daughters allowed to reach equilibrium with 

radium. Net soil weights were determined and the samples counted using 

germanium detectors coupled to a Nuclear Data Model ND-680 pulse height 

analyzer system. Background and- Compton stripping, peak eearch, peak 

identification, and concentration calculations were performed using the 

computer capabilities inherent In the analyzer system. Energy peaks reviewed 

for determination of radlonuclide concentrations were: 

II-314 
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Ra-226 - 0.609 &V from Bl-214* 

II-232 - 0.911 ?leV from k-228* 

U-238 - 0.094 MeV or 0.063 HeV from Th-234 or 1.001 HeV from Pa-234* 

*Secular Equilibriuc Assumed. 

Uncertainties and Detection Limits 

The uncertainties associated with the analytical data, presented in the 

tables of this report, represent the 95X (2~) conf ldence levels, based only on 

counting statistics. Other sources of error associated with the analyses 

introduce an additional uncertainty of + 6 to 10% in the results. 

-- 
When the net sample count was less than the 20 statistical deviation of 

the background count, the sample concentration was reported as less than the 

minimum detectable concentration (@DC). Because of variation in background 

levels and the effects of the Compton continuum caused by other constituents 

in the samples, the MDC’s for ‘specific radlonuclldes differ from sample to 

sample. 

Calibration and Quality Assurance 

Laboratory and field survey procedures are documented in the following 

manuals developed specifically for the Oak Ridge Associated Universities’ 

Radiological Site Assessment Program: “Survey Procedures Manual”, Revision 2, 

March 1986; “Laboratory Procedures Manual”, Revision 2, May 1986; and “Quality 

Assurance Manual”, Revision 0, July 1986. Instruments were calibrated with 

NBS-traceable standards. Quality Control procedure6 on all instruments 

included dally background and check-source measurements to confirm equipment 

operation within acceptable statistical fluctuations. The ORAU laboratory 

participates in the EPA and EKL Quality Assurance Programs. All samples 

received by ORAU from BNI as part of this verification will be permanently 

archived. 
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Exhibit II (8) - State, County, and Local Comments on Remedial Action 

Pase 

The State of New Jersey was kept fully informed of all 
DOE activities associated with the cleanup of Middlesex 
Municipal Landfill. Copies of many reports, including 
the post-remedial action report, were transmitted to the 
New Jersey Department of Environmental Protection. The 
letter transmitting the post-remedial action report to 
the Borough of Middlesex and to the New Jersey Department 
of Environmental Protection is included in this exhibit. II-317 

Prior to the commencement of remedial action, a 
Memorandum of Understanding between the Borough of 
Middlesex, NJDEP, and DOE was agreed to and signed. 
It is included in this section of .the docket. II-318 
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Ronald S. Dabies, Mayor 
EmoughofMiddlesex 
Borough Hall 
1200 Mountain Avenue 
Middlesex, New Jersey 08846 

qTG SYKS3L 

CE-53 

DATE 

Dear Mayor Bbies: 
RTG SYMBOL 

CE-53 ' 

I ampleasedto infonnyouthattheresults ofthepost-remedial action 
radiological survey have been verified and that remedial action on the Middlescz5V 
Municipal -fill Site has been satisfactorily cmpleted. The property is nad 
in cmpliancewiththe standax% and guidelines applicable to the remdial act-m&o; 
activities in Middlesex. The data~supporting this determination are in the .CE-.5.3. 
enclosed post-remedial action report. Thisreportalsodescrikesthe 
radiological surveys and remedial actions conductedonthe F!moughproperty. 

DATE 

A formal certification statement on the Borough property will be forwarded to ;?otij-17-5 
this Fall. 

- 
RTG SYb.430~ 

Thank you for your cooperation and if there are any questions, call me on 615- " 
576-0948. I INITIALS/SIG 

CE-53: Atkin 

‘1 ,:* s.w.Ahrends, Director 
2' ~e&nical Services Division 

CE-53:RGAtkin:db:3/27/87:6-1826 
ATKIN IBM h?T' a:dobies.ltr 

cc w/encl.: 
Dr. Ronald aen, Middlesex 
W. Henrich,Middlesex 
J. T. McHugh, Middlesex 
Ed mup, NJDEP 
JeanetteEng,NJDEP 
J. Feldman, USEPA 
P. Giardina, USEPA 

F- fiTG SYUSDL 

INITIALSSIG. 

bee w/encl.: J. Fiore, NE-23 
J. Peterson, ANL 
P. Owen, ORNL (2 copies) 
A. Wallo, NE-23 
J. Wagoner, NE-23 

bee w/o enc.: G. Hovey, BNI 
B. Berven, ORNL 
J. Berger, ORAU 

DOE F 1325.10 
V-79) 

W. Range, M-4 
OFFICIAL FILE COPY 
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13. bOE will tme 
atfion ut catk specific 
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Exhibit II (9) - Restrictions -. 

-. There are no DOE-imposed restrictions on use of the subject 
properties following the completion of remedial action under FUSRAP. 
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Exhibit II (10) - Federal Register Notice 

This section contains the text of the notice that was approved by 
DOE for publication in the Federal Register. It documents the 
certification that the two properties comprising the Middlesex 

Municipal Landfill are in compliance with all applicable 

decontamination criteria and standards. 
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[6450-011 

DEPARTMENT OF ENERGY 

Certification of the Radiological Condition of 

Middlesex Municipal Landfill in 

Middlesex, New Jersey . 

AGENCY: Office of Remedial Action and Waste Technology, Office cf 

Nuclear Energy, Department of Energy. 

ACTION: Notice of certification: 

SUMMARY: The Department of Energy has completed radiological surveys 

and taken remedial action to decontaminate the two properties in 

Middlesex, New Jersey that comprise the Middlesex Municipal 

Landfill. The properties were found to contain quantities of 

radioactive material from activities conducted at the former 

Middlesex Sampling Plant. 

FOR FURTHER INFORMATION CONTACT: 

J.J. Fiore, Director 
Division of Facility and Site Decommissioning Projects 
Office of Remedial Action and Waste Technology 
U.S. Department of Energy 
Washington, D.C. 20545 

(301) 353-5272 
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SUPPLEMENTARY INFORMATION: 

The Department of Energy (DOE), Office of Nuclear Energy, Office of 

Remedial Action and Waste Technology, Division of Facility and Site 

Decommissioning Projects, has implemented a remedial action project 

in the Middlesex, New Jersey area as ‘part of the Atomic Energy Act 

of 1954, as amended. This project is being carried out under the 

Formerly Utilized Sites Remedial Action Program (FUSRAP), a DOE 

program to decontaminate or otherwise control site.s where residual 

radioactive materials remain from the early years of the nation’s 

atomic energy program or from commercial operations causing 

conditions that Congress has mandated DOE to remedy. The ultimate 

objective of the remedial action program at Middlesex is to ensure 

that any properties contaminated as a result of activities at the 

former Middlesex Sampling Plant ‘(MSP) can be certified to be within 

current radiological guidelines and applicable standards established 

to protect the general public. 

In 1948, during the construction of an asphalt pad at the MSP, dirt 

contaminated with pitchblende (a naturally occurring uranium ore) 

was removed from the MSP by a contractor and taken to the Middlesex 

Municipal Landfill (MML). Subsequent landfill operations resulted 

in varying depths of cover material being placed over the 

contaminated materials. 

. . 
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During a local civil defense exercise in May 1960, monitors detected 

elevated levels of radiation in the landfill. A radiological survey 

confirmed gamma radiation levels 20 to 50 times the natural 

background value over an area of less than 0.6 acre. In 1961 the 
.- 

AEC removed the portion of the contaminated materials lying nearest 

the surface (about 650 yd3) and covered the area with 

approximately 2 ft of clean dirt. The contaminated soil was removed 

to the AEC New Brunswick Laboratory site in New Brunswick, New 

Jersey. 

No further action was taken until 1974, when a radiological survey 

of the site was conducted by the Atomic Energy Commission (AEC). In 

1978, another radiological survey of the site was conducted by Oak 

Ridge National Laboratory (ORNL) to provide additional data and to 

provide a basis for evaluating changes in site conditions over the 

4-year period since the previous survey. 

DOE developed a remedial action plan to remove the materials in the 

landfill. DOE coordinated its activities with the New Jersey 

Department of Environmental Protection and the Borough of Middlesex. 

. 

,- 

In 1984 and 1986, the landfill was decontaminated, resulting in the 

removal of 31,000 yd3 of contaminated materials. The materials 

removed during remedial action are being stored temporarily at MSP. 

Post-remedial action surveys have demonstrated and DOE has certified 

that radiological conditions on the iifected properties are 
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consistent with applicable criteria and that the use of the two 

properties comprising the landfill presents no radiological hazard 

to the general public or to site occupants. These findings are 

supported by the DOE Certification Docket for the Remedial Action 

Performed at the Middlesex Municipal Landfill in Middlesex, New 

Jersey in 1984 and 1986. Accordingly, the two properties comprising 

the landfill are released from the Formerly Utilized Sites Remedial 
I- 

Action Program. 

The certification docket will be available for review between 

8:00 a.m. and 4:00 p.m., Monday through Friday (except Federal 

holidays), in the U.S. Department of Energy Public Reading Room . 

located in Room lE-190 of the Forrestal Building, 1000 Independence 

Avenue S.W., Washington, D.C. The certification docket will also be 

available in the Public Document Room, U.S. Department of Energy, 

Oak Ridge Operations Office, Oak Ridge, Tennessee, and at the 

Middlesex Borough Library, Mountain Avenue, Middlesex, New Jersey. 

The U.S. Department of Energy, Oak Ridge Operations Office, 

Technical Services Division, has issued the following statement: 
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STATEMENT OF CERTIFXCATION: THE TWO PROPERTIES ,I 
COMPRISING THE MIDDLESEX MUNICIPAL LANDFILL 

The U.S. Department of Energy, Oak Ridge Operations Office; 

Technical Services Division, has reviewed the radiological data 

obtained following remedial action at the two subject properties. 

Based on this review, DOE has certified that the properties listed 

below are in compliance with all applicable decontamination criteria 

and standards. This certification of compliance provides assurance 

that use of the properties will result in no radiological exposure 

above DOE criteria and standards to members of the general public or 

to site occupants. Accordingly, the following properties are 

released from the Formerly Utilized Sites Remedial Action Prograrr,: r 

Parcel 1 located on 1190 Mountain Avenue, Borough of Middlesex, 
identified as Block 219, Lot 1. , 

Parcel 2 located on Mountain Avenue, Borough of Middlesex, 
identified as Block 219, Lot 2. 

J.E. Baublitz, A@ting Director 
Office of Remedyal Action 

and Waste Technology 
Office of Nuclear Energy 
U.S. Department of Energy 

,- 

Dated: 4//c&9 
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Exhibit II (11) - Approved Certification Statements 

The following statements document the certification of the two 
subject properties. 
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-hited States Government 

In6morandum - 
Department of Energy 

DATE. 

BSPLY 70 

KU OF. 

SuWEb 

TO J.E. Baublitz, Acting Director 
Office of Remedial Action and Waste Technology, NE-20 

APR 2 c tw 
NE-23: Fiore 

Recoeunendation for Certification of Remedial Action at Properties Comprising 
the Middlesex Municipal Landfill in Middlesex, New Jersey. 

I am attaching for your signature the Federal Register Notice for the two 
properties comprising the Middlesex Municipal Landfill in Middlesex, New 
Jersey. Also attached are the signed Statements of Certification for the 
respective properties. 

In 1948, during the construction of an asphalt pad at the Middlesex Sampling 
Plant contaminated dirt was removed and transported to the Middlesex Municipal 
Landfill. Subsequent landfill operations resulted in varying depths of cover 
material being placed over the contaminated materials. 

During a local civil defense exercise in May 1960, elevated levels of 
radiation were detected in the landfill. In 1961, the AEC removed that part 
of contaminated materials lying nearest the surface and covered the area with 
approximately 2 ft of clean dirt. 

No further action was taken until 1974, when a radiological survey of the site 
was conducted by the Atomic Energy Comni ssion. In 1978, another radiological 
survey of the site was conducted by Oak Ridge National Laboratory to provide 
additional data and to provide a basis for evaluating changes in site 
conditions over the 4-year span. 

During 1984 and 1986, the Office of Nuclear Energy performed remedial actions 
at the two properties comprising the Middlesex Municipal Landfill in 
Middlesex, New Jersey. These properties are: 

Parcel 1 located on 1190 Mountain Avenue, Borough of Middlesex, identified as 
Block 219, Lot 1. 

Parcel 2 located on Mountain Avenue, Borough of Middlesex, identfffed as 
Block 219, Lot 2. 

Based on a review of all documents related to these properties, we have 
concluded that they should be certified to be in compliance with criteria and 
standards established for the Middlesex Munfcfpal Landfill remedial action 

I project. These criteria were established in accordance with DOE guidelines 
and orders to protect publfc health and the environment and are consistent 
with other appropriate Nuclear Regulatory Conmission and Environmental 
Protection Agency guidelines. 

The Division of Facility and Site Decomnissionfng Projects has provided the 
attached docket to effect the certfffcatfon of the subject properties. I 
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-. 

J. E. Baublitz 2 

Following your approval of the certification, this office and/or the Oak Ridge 
Operations Office, Technical Services Division, will notjfy interested state 
and local agencies, the public, local land offices, and the specific property 
owners of the certification actions by correspondence and local newspaper 
announcements, as appropriate. The documents transmitted with the Statements 
of Certification and the Federal Register notice will be compiled in final 
docket form by the Division of Facility and Site Decommissioning Projects for 
retention in accordance with DOE Order 1324.2 (Disposal Schedule 25). 

3.5. FSore, DIrector 
Division of Facility and Site 

U- Decommissioning Projects 
Office of Nuclear Energy 
U.S. Department of Energy 

Attachments: 
As Stated 
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STATEMENT OF CERTIFICATION: PROPERTY 
FORMING PART OF THE MIDDLESEX MUNICIPAL LANDFILL 

The U.S. Department of Energy, Oak Ridge Operations Office, 

Technical Services Division, has reviewed and analyzed the 

radiological data obtained following remedial action at the 

Middlesex Municipal Landfill, which was contaminated by material 

from the former Middlesex Sampling Plant in Middlesex, New Jersey. 

Based on this analysis, the Department of Energy certifies that the 

following property is in compliance with Department of Energy 

decontamination criteria and standards developed to protect health, 

safety, and the environment: 

Parcel 1 located on 1190 Mountain,Avenue, Borough of Middlesex, 
identified as Block 219, Lot 1. 

This certification of compliance provides assurance that use of 

the property will result in no radiological exposure above 

applicable criteria and standards to members of the general public 

or to site occupants. 

By: 
r 

Acting Director 
Technical Services Division 
Oak Ridge Operations Office 
U.S. Department of Energy 
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STATEMENT OF CERTIFICATION: PROPERTY 
FORMING PART OF THE MIDDLESEX MUNICIPAL LANDFILL 

The U.S. Department of Energy, Oak Ridge Operations Office, 

Technical Services Division, has reviewed and analyzed the 

radiological data obtained following remedial action at the 

Middlesex Municipal Landfill, which was contaminated by material 

from the former Middlesex Sampling Plant in Middlesex, New Jersey. 

Based on this analysis, the Department of Energy certifies that the 

following property is in compliance with Department of Energy 

decontamination criteria and standards developed to protect health, 

safety, and the environment: 

Parcel 2 located on Mountain Avenue, Borough of Middlesex, 
identified as Block 219, Lot 2. 

This certification of compliance provides assurance that use of 

the property will result in no radiological exposure above 

applicable criteria and standards to members of the general public 

or to site occupants. 

By: 

Acting Director 
Technical Services Division 
Oak Ridge Operations Office 
U.S. Department of Energy 
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Exhibit !I/ Diagrams of the Remedial Action Performed at 
the Middlesex Municipal landfill in Middlesex, New Jersey 



-’ 

EXHIBIT III 

DIAGRAMS OF THE REMEDIAL ACTION PERFORMED AT THE 

MIDDLESEX MUNICIPAL LANDFILL IN MIDDLESEX, 

NEW JERSEY IN 1984 AND 1986 



Figures 1 through 18 on the following pages are taken from the 

post-remedial action report: they illustrate the progression and 
extent of remedial action performed at the subject properties. 
Figure 19 shows the overall areas where remedial action was 

conducted in 1984 and 1986; it also shows ownership of the 

properties. 
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