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Executive Summary 
The Brookhaven Graphite Research Reactor (BGRR) Engineered Cap and Monitoring 
System are associated with Area of Concern (AOC) 9 at Brookhaven National Laboratory 
(BNL).  Installation of the engineered cap and groundwater monitoring wells, and the 
completion of the associated preparation activities and as-left survey, referred to herein as 
the “BGRR Engineered Cap Project,” are part of the remedial actions described in the 
Record of Decision for AOC 9, Brookhaven Graphite Research Reactor (BGRR ROD) 
(BNL, January 2005).  The project was completed with funding under the American 
Recovery and Reinvestment Act (ARRA) and in accordance with Closeout Procedures 
for National Priorities List Sites, OSWER Directive 9320.2-09A-P, the Draft Final 
Remedial Design/Remedial Action Work Plan for the Installation of an Engineered Cap 
and Monitoring System (BNL, March 2008) and the Addendum to the Draft Final 
Remedial Design/Remedial Action Work Plan for the Installation of an Engineered Cap 
and Monitoring System (BNL, September 2010). 
 
Work activities associated with the BGRR Engineered Cap Project commenced in May 
2010 and were completed in May 2011, and included the following scope of work: 
 

 Demolition of Building TR897, referred to herein as the BGRR Duct Service 
Building (DSB) down to existing grade; 

 Installation of a permanent roof (“dog house”) over the below ground duct 
(BGD) filter opening; 

 Modification of BGRR utilities, including existing roof drains and fire protection 
piping; 

 Removal of the two Building 701 temporary vestibules;  

 Removal of electrical transformers and abatement of the associated asbestos 
containing material (ACM); 

 Grouting the South Side Building 701 Air Plenum;   

 Subgrade preparation, including removal of asphalt (approximately 3 inches 
thick) and soil (approximately 21 inches thick), as well as grading and 
compaction of the subgrade;  

 Completion of an as-left survey, including independent verification performed by 
the Oak Ridge Institute for Science and Education (ORISE); 

 Installation of the engineered cap; 

 Installation of four groundwater monitoring wells; and 

 Packaging, transportation and disposal of all project wastes. 
 
The BGRR Engineered Cap Project was not a remediation project; however, an as-left 
radiological survey and sampling of the subgrade were performed prior to cap 
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installation.  As-left survey data were compared to the site cleanup criteria specified in 
the Record of Decision, Operable Unit I and Radiologically Contaminated Soils (BNL, 
August 1999) (OU I ROD) for cesium (Cs)-137, radium (Ra)-226 and strontium (Sr)-90. 
The OU I ROD cleanup goals for these radionuclides were calculated using the Residual 
Radioactivity Computer Code (RESRAD), based on a total dose limit of 15 millirem per 
year (mrem/yr) to a future resident (non-farmer) after 50 years of institutional controls. 
 
The following summarizes the as-left conditions for surficial soils prior to the installation 
of the engineered cap: 
 
 The maximum Cs-137, Sr-90 and Ra-226 concentrations remaining in the soils 

are 1.32 picocuries per gram (pCi/g), 2.03 pCi/g and 0.629 pCi/g, respectively. 
The as-left average concentrations are well below the cleanup goals specified in 
the OU I ROD (Cs-137 = 23 pCi/g, Sr-90 = 15 pCi/g and Ra-226 = 5 pCi/g). 

 
 The as-left average concentrations of the chemical contaminants of concern 

detected in soils samples are below the site cleanup goals (lead = 400 milligrams 
per kilogram [mg/kg], mercury = 1.84 mg/kg, nickel = 140 mg/kg, zinc = 2,200 
mg/kg, copper = 270 mg/kg).  The maximum concentrations of lead, mercury, 
nickel, zinc and copper detected in soil samples were 14.9 mg/kg, 0.110 mg/kg, 
3.82 mg/kg, 14.6 mg/kg and 7.96 mg/kg, respectively. 

 
The BGRR Engineered Cap Project meets all the completion requirements as specified in 
OSWER Directive 9320.2-09-A-P, Closeout Procedures for National Priorities List 
Sites.  
 
The Long-Term Surveillance and Maintenance Manual for the Brookhaven Graphite 
Research Reactor will be prepared to include monitoring and maintenance activities for 
the BGRR Engineered Cap and Monitoring System. These activities will include 
maintenance and repair of the cap asphalt and coatings, groundwater monitoring and 
institutional controls (land use controls, notifications and restrictions such as no parking 
or vehicular traffic within 10 feet of the geomembrane anchor points, work planning 
controls such as digging permits, and government ownership).  
 
Brookhaven Science Associates (BSA) will perform surveillance and maintenance 
activities. In addition to groundwater monitoring and maintaining institutional controls, 
BSA will ensure that that routine maintenance/inspections are performed. DOE will 
ensure enforcement of all institutional controls. 
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1.0 INTRODUCTION 

1.1 Purpose 
 
The purpose of this Closeout Report is to document the installation of Brookhaven 
Graphite Research Reactor (BGRR) Engineered Cap and Monitoring System, as well as 
the completion of the associated preparation activities and as-left survey, at Brookhaven 
National Laboratory (BNL). This work is referred to as the “BGRR Engineered Cap 
Project.” The BGRR Engineered Cap Project is part of the remedial actions described in 
the Record of Decision for AOC 9, Brookhaven Graphite Research Reactor (BGRR 
ROD) (BNL, January 2005). The project was completed with funding under the 
American Recovery and Reinvestment Act (ARRA) and in accordance with Closeout 
Procedures at National Priority List Sites, OSWER Directive 9320.2-09A-P.  
 
Activities associated with the BGRR Engineered Cap Project were performed by 
Brookhaven Science Associates (BSA) Environmental Restoration Projects (ERP), ERP- 
seconded and task order subcontractors, BSA’s Radiological Control Division (RCD), 
and Environmental Protection Division (EPD) personnel.  Independent verification 
activities were performed by Oak Ridge Institute for Science and Education (ORISE), 
DOE’s independent subcontractor.  
 
Work was performed in accordance with the BGRR ROD, the Draft Final Remedial 
Design/Remedial Action Work Plan for the Installation of an Engineered Cap and 
Monitoring System (BNL, March 2008) and the Addendum to the Draft Final Remedial 
Design/Remedial Action Work Plan for the Installation of an Engineered Cap and 
Monitoring System (BNL, September 2010). The as-left survey was performed in 
accordance with the Work Procedure 324-19, Final Status Survey (FSS) Procedure for 
the BGRR Engineered Cap, Rev. 1 (BNL, April 2011). 
 
The scope of work for the BGRR Engineered Cap Project included the following: 
 

 Demolition of Building TR897, referred to herein as the BGRR Duct Service 
Building (DSB) down to existing grade; 

 Installation of a permanent roof (“dog house”) over the below ground duct 
(BGD) filter opening; 

 Modification of BGRR utilities, including existing roof drains and fire protection 
piping; 

 Removal of the two Building 701 temporary vestibules;  

 Removal of electrical transformers and completion of the associated asbestos 
containing material (ACM) abatement;  

 Grouting the South Side Building 701 Air Plenum;  
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 Subgrade preparation, including removal of asphalt (approximately 3 inches 
thick) and soil (approximately 21 inches thick), as well as grading and 
compaction of the subgrade;  

 Completion of an as-left survey, including independent verification performed by 
ORISE; 

 Installation of the engineered cap; 

 Installation of four groundwater monitoring wells; and 

 Packaging, transportation and disposal of all project wastes. 
 

1.2 Site Description and Operational History 
 
The U.S. Army occupied the BNL Site, formerly Camp Upton, during World Wars I and 
II. Between the wars, the Civilian Conservation Corps operated the BNL Site. It was 
transferred to the Atomic Energy Commission in 1947, to the Energy Research and 
Development Administration in 1975, and to Department of Energy (DOE) in 1977. 
Brookhaven Science Associates (BSA) operates BNL under a contract with DOE. 
 
The BNL site covers almost 5,300 acres, much of which is wooded. It is an irregular 
polygon, and each side is approximately 2.5 miles long. The developed portion of the 
BNL site includes the principal facilities, which are located near the center of the BNL 
site on relatively high ground. The developed portion is approximately 1,650 acres, 500 
acres of which were originally developed for U.S. Army use. Large, specialized research 
facilities occupy 200 acres and another 400 acres are occupied by roads, parking lots and 
connecting areas. The remaining 550 acres are occupied by outlying facilities including 
an apartment area, the Long Island Solar Farm, Former Hazardous Waste Management 
Area, Sewage Treatment Plant, firebreaks, and the Former Landfill Area. The terrain is 
gently rolling, with elevations varying from 40 to 120 feet above mean sea level. The 
land lies on the western rim of the shallow Peconic River watershed, with a tributary of 
the Peconic River rising in marshy areas in the northern section of the tract. The sole-
source aquifer beneath BNL comprises three water-bearing units: the upper glacial 
deposits, the Magothy Formation, and the Lloyd Sand Member of the Raritan Formation. 
These units are hydraulically connected and make up a single zone of saturation with 
varying physical properties extending from a depth of 5 to 1,500 feet below the land 
surface. These three water-bearing units are designated as a “sole source aquifer” by the 
U.S. Environmental Protection Agency (EPA) and serve as the primary source of 
drinking water for Nassau and Suffolk counties.  
 
A map illustrating the location of the BNL site is presented as Figure 1-1.  
 



Closeout Report – Brookhaven Graphite Research Reactor Engineered Cap and Monitoring System 
Installation 

 

 3

 

Figure 1-1. Location of Brookhaven National Laboratory 
 
 

 
 

Figure 1-2. Location of the BGRR on BNL Site 
 
 
The BGRR is centrally located within the BNL site (Figure 1-2).  It operated from 1950 
to 1968 and was the first reactor in the world designed and built strictly for peaceful 
research purposes.  The BGRR was an air-cooled, graphite-moderated reactor.  
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Deactivation of the facility was initiated in September 1969. In March 1972, the last fuel 
element was removed from the reactor and shipment of the fuel to the DOE Savannah 
River Site was completed shortly thereafter. Portions of the BGRR facility were used as 
the BNL Science Museum from 1977 through 1997. Figure 1-3 illustrates the BGRR 
complex. 
 
 

 
 

 
Figure 1-3. BGRR Complex 

 
In 2005, the BGRR ROD was signed by the EPA, New York State Department of 
Environmental Conservation (NYSDEC), and DOE. This agreement requires the removal 
of the graphite pile, biological shield, canal structure, reasonably accessible contaminated 
soils, and the installation of a water infiltration control engineered cap and monitoring 
system for the remaining structures and subsurface contaminated soils. This closeout 
report addresses the installation of the water infiltration control engineered cap and 
monitoring system. 
 

1.3 Regulatory and Enforcement History 
 
In 1980, the BNL site was placed on the NYSDEC list of Inactive Hazardous Waste 
Sites. On December 21, 1989, the BNL site was included on the EPA National Priorities 
List because of soil and groundwater contamination that resulted from BNL’s past 
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operations. Subsequently, EPA, NYSDEC, and DOE entered into a Federal Facilities 
Agreement (herein referred to as the Interagency Agreement; [IAG]) that became 
effective in 1992 (Administrative Docket Number: II- Comprehensive Environmental 
Response, Compensation & Liability Act [CERCLA]-FFA-00201) to coordinate the 
cleanup.  
 
The IAG identified AOCs to be evaluated for response actions. The BGRR is subject to 
the provisions of Section X – Areas of Concern of the IAG and is identified as AOC 9. 
The remediation of the BGRR complex is divided into four sub-AOCs. These include 
AOC 9A, the Canal; AOC 9B, Underground Ductwork; AOC 9C, Spill Sites; and, AOC 
9D, the Pile Fan Sump. Additional areas of remedial action outside the scope of the AOC 
subdivisions include removal of the above-ground ductwork, graphite pile, and biological 
shield. Interim measures were authorized through issuance of Action Memoranda or 
National Environmental Policy Act (NEPA) Categorical Exclusions. The remaining 
cleanup activities for the BGRR were addressed in the BGRR ROD. 
 
A Feasibility Study (FS) for the BGRR complex was prepared to evaluate the alternatives 
for remediation of the BGRR. Upon completion and review of the results of a FS for the 
BGRR and public review of the Brookhaven Graphite Research Reactor Proposed 
Remedial Action Plan (PRAP) the BGRR ROD was signed in March 2005. It 
documented the remedial action for the BGRR selected in accordance with the CERCLA 
consistent with the National Oil and Hazardous Substances Pollution Contingency Plan 
(“National Contingency Plan”).  
 
The final remedy was developed in collaboration with regulators using the Core Team 
Process.  The BGRR ROD requirements were incorporated into the Draft Final Remedial 
Design/Remedial Action Work Plan for the Installation of an Engineered Cap and 
Monitoring System (BNL, March 2008) and the Addendum to the Draft Final Remedial 
Design/Remedial Action Work Plan for the Installation of an Engineered Cap and 
Monitoring System (BNL, September 2010) 
 

1.4 Previous Remedial Activities 
 
Several response actions were previously completed as interim measures (through Action 
Memoranda and NEPA Categorical Exclusions) to reduce or eliminate potential threats to 
human health or the environment. They included the removal and disposition of the 
following: 
 

 Contaminated water that infiltrated and accumulated within the below-ground 
ducts; 

 Experimental equipment and systems from the reactor building; 

 Reactor exhaust fans, motors, valves and instruments; 

 Pile fan sump, pipes and associated contaminated soil; 
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 Above-ground ducts, pipes and associated contaminated soil; 

 Canal house and water treatment house, along with associated equipment, pipes, 
asphalt, concrete and accessible contaminated soils; and 

 Reactor exhaust cooling coils and filters. 

 Reactor below-ground duct primary liner; and 

 Portions of the fuel canal outside the structural foundation footprint of the reactor 
building and accessible subsurface contaminated soil in the vicinity of the fuel 
canal, below-ground duct expansion joint #4 and secondary cooling air bustle.  

 
In addition, remedial activities associated with the Graphite Pile Removal Project were 
completed between December 2009 and May 2010. This work, documented in the 
Closeout Report of the Brookhaven Graphite Research Reactor Graphite Pile Removal, 
Area of Concern 9 (BNL, October 2010), included the following scope of activities: 

 Removal and Disposal of Control Rods 

 Removal and Disposal of Boron Shot 

 Removal and Disposal of Shield Plugs 

 Removal and Disposal of upper portion of Air Tight Membrane 

 Removal and Disposal of Invar Rods 

 Removal and Disposal of Graphite Pile 
 

1.5 Description of Remaining Contaminated Soils and Below 
Grade Structures 

  
During removal of the BGRR fuel canal in 2005, approximately 824 cubic yards of 
radiologically-contaminated soil and concrete were excavated and disposed of at an 
approved disposal facility as documented in the BGRR Canal and Deep Soil Pockets 
Excavation and Removal Completion Report (BNL, 2005).  However, pockets of 
contaminated soil remain at several locations within the BGRR complex and they are the 
basis for the BGRR Engineered Cap Project.  A description of the remaining 
contaminated soils and subsurface structures are discussed below in Sections 1.5.1 and 
1.5.2, and are illustrated in Figures 1-4, 1-5 and 1-6. 
 

1.5.1 Remaining Contaminated Soils and Subsurface Structures Outside 
Building 701 Footprint 

 
Below Ground Duct Concrete and Steel Structure – This contaminated structure includes 
the concrete and steel remaining within the portion of the duct located outside of the 
foundation of Building 701.  The structure contains approximately 0.825 curies (Ci) of 
radioactive materials consisting primarily of cesium (Cs)-137 (0.784 Ci), Strontium (Sr)-
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90 (0.038 Ci), and Cobalt (Co)-60 (0.001 Ci).  The remaining radioactivity consists of 
uranium, plutonium, and americium (approximately 0.002 Ci) in the form of fixed 
surface contamination.  The estimated volume of radioactive material is 2,284 cubic 
yards of concrete and 100 cubic yards of steel plate.   
 
Bustle Area (Deep Soil Pocket) Soils – This soil pocket is located adjacent to the 
secondary air bustle on the northeast side of the below ground duct where it exits from 
Building 701.  In April 2005, contaminated soil was removed from between 27 feet 
below grade to the bottom of the ducts at approximately 33 feet below grade.  Remaining 
contaminated soil exists between 33 feet below grade to 40 feet below grade (27 feet to 
groundwater) and is contaminated primarily with Cs-137 at a maximum concentration of 
89,000 picocuries per gram (pCi/g) and Sr-90 at a maximum concentration of 11,200 
pCi/g.  The estimated volume of contaminated soil is 35 cubic yards.   
 
Expansion Joint #4 & Cooler Drain Sumps Soils – This pocket includes soil adjacent to 
and underneath the north and south below ground duct cooler drains sumps and the duct 
expansion joint #4.  The subsurface contaminated soil pocket extends from immediately 
below the expansion joint and cooler drain sump to a depth of 18 to 30 feet below grade 
(38 feet above groundwater).  The soil is contaminated primarily with Cs-137 at a 
maximum concentration of 5,907 pCi/g and Sr-90 at a maximum concentration of 676 
pCi/g.  The estimated volume of contaminated soil is 107 cubic yards. 
 
Fuel Canal Site Soils – This pocket consists of contaminated soils located directly below 
the site of the previously removed fuel canal. The pocket is located approximately 25 feet 
below grade and is contaminated primarily with Cs-137 at a maximum concentration of 
269 pCi/g and Sr-90 at a maximum concentration of 54.3 pCi/g.  The estimated volume 
of contaminated soil is 11 cubic yards. 
  
Drains and Drywells Soils – Three building drain drywells are located outside of the 
foundation footprint of Building 701 and were connected to the east and west inlet air 
filter house drains, the west steam trap drains, the control rod drive mechanism floor 
drains, the fuel vault floor drains, and the east steam trap drains.  The drywells are 
contaminated primarily with Cs-137 and Sr-90 with an average concentration of 93 pCi/g 
and 56 pCi/g, respectively. The contamination is located approximately 6 to 8 feet below 
grade (56 to 58 feet above groundwater).  The estimated volume of contaminated soil and 
crushed stone is 2 cubic yards.   
 

1.5.2 Remaining Contaminated Soils and Subsurface Structures Within Building 
701 Footprint 

 
Drains and Drywells Soils – Two building drain drywells are located under the footprint 
of Building 701. These drywells were connected to the east and west inlet air plenum 
drains.  The drywells are contaminated primarily with Cs-137 and Sr-90 with an average 
concentration of 450 pCi/g and 1,730 pCi/g, respectively.  The contamination is located 
approximately 23 feet below grade (45 feet above groundwater).  The estimated volume 
of contaminated soil and crushed stone is 2 cubic yards. 
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Below Ground Duct Soils Under the Footprint of Building 701 – This pocket consists of 
contaminated soils located beneath the north duct in the vicinity of the below-ground 
expansion joint immediately south of the reactor.  The subsurface contaminated soil 
pocket extends from immediately below the duct foundation pad to a depth of two feet 
(32 feet above groundwater).  The soil is contaminated primarily with Cs-137 at a 
maximum concentration of 79,000 pCi/g and Sr-90 at a maximum concentration of 2,200 
pCi/g.  The estimated volume of contaminated soil is 69 cubic yards.  
 
Deep Pit and Fuel Canal Soils Under the Footprint of Building 701 – This pocket consists 
of contaminated soils below the deep pit and portions of the canal that are below the 
foundation footprint of Building 701. This subsurface contaminated soil pocket extends 
from below the pile foundation pad and to a depth of two feet below the pad (32 feet 
above groundwater).  The soil is contaminated primarily with Cs-137 at a maximum 
concentration of 405 pCi/g and Sr-90 at a maximum concentration of 103 pCi/g.  The 
estimated volume of contaminated soil is 20 cubic yards.   
 
Below Ground Duct Concrete and Steel Structure – This contaminated structure includes 
the concrete and steel remaining within the portion of the duct located underneath 
Building 701.  The structure contains approximately 0.422 Ci of radioactive materials, 
consisting primarily of Cs-137 (0.399 Ci), Sr-90 (0.022 Ci), and Co-60 (0.001 Ci).  The 
remaining radioactivity consists of uranium (U), plutonium (Pu), and americium (Am) 
(approximately 0.001 Ci) in the form of fixed surface contamination.  The estimated 
volume of radioactive material is 377 cubic yards of concrete and 100 cubic yards of steel 
plate. 
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Figure 1-4  BGRR Contaminated Soil & Subsurface Structures, View to North 
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Figure 1-5  BGRR Contaminated Soil & Subsurface Structures, View to West 
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1.6 BNL Operable Units 
 
As part of remedial efforts at BNL, 30 AOCs were identified and grouped into seven 
Operable Units (OUs). The seven OUs were subsequently reduced to six OUs as a result 
of combining OU II and OU VII. In February 2009, AOC 31, comprising the High Flux 
Beam Reactor (HFBR) complex, Waste Loading Area and the A/B Waste Line, was 
established. 
 
This report documents completion of the installation of the water infiltration control 
engineered cap and monitoring system, which is part of AOC 9. 
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2.0 OPERABLE UNIT BACKGROUND 

2.1 Site Cleanup Criteria 
 
The completion criterion for this remedial action was the installation of the water 
infiltration control engineered cap and monitoring system outside of Building 701, which 
will serve to prevent water intrusion into radiologically-contaminated subsurface 
components and soils remaining on the BGRR complex.  Though radiologically-
contaminated soils were not expected at the depth of the engineered cap, an as-left 
radiological survey, which consisted of a complete radiological walkover survey and the 
collection of soil samples, was completed following removal of the existing overlying 
asphalt and soil to a depth of 24 inches. 
 
It should be noted that the site cleanup criteria specified below were only used to guide 
the management of excavated asphalt and soil (overburden), as well as to assess the 
surficial as-left conditions prior to installation of the cap.   
 
In accordance with Work Procedure 324-19, Final Status Survey (FSS) Procedure for the 
BGRR Engineered Cap, Rev. 1 (BNL, April 2011), the primary radiological contaminants 
of concern for the BGRR Engineered Cap Project are the same as those specified in the 
Record of Decision, Operable Unit I and Radiologically Contaminated Soils (BNL, 
August 1999) (OU I ROD):  Cs-137, radium (Ra)-226 and Sr-90. The cleanup goals for 
specific radionuclides were calculated using RESRAD, considering a residential scenario. 
The dose limit used was 15 millirem per year (mrem/yr) above background (OSWER 
Directive 9200.4-1., EPA, 1997), residential land use after 50 years of institutional 
control by the DOE, and industrial land use with no decay time (0 years). In addition, the 
NYSDEC cleanup guideline of 10 mrem/yr, from TAGM 4003, was adopted as an 
ALARA goal. The primary radiological isotope present at the site was Cs-137; its 
cleanup goal is 23 pCi/g. 
 
The potential for radiologically contaminated soil to impact groundwater was also 
considered. A soil cleanup goal of 15 pCi/g was calculated for Sr-90, based on its 
potential to impact the groundwater. The goal also protects both residential and industrial 
uses. A cleanup goal of 5 pCi/g was selected for Ra-226, based on DOE Order 5400.5, 
Radiation Protection of the Environment and the Public (DOE, 1993). 
 
Co-60, tritium, europium (Eu)-152, Eu-154, U-235, U-238, Pu-238, Pu-239/240 and Am-
241 were considered as additional radiological contaminants of concern and are listed 
with their respective cleanup goals in Table 2-1. 
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Table 2-1 

Radionuclides and Chemical Contaminants of Concern  
for the BGRR Engineered Cap Project 

Radionuclides of 
Concern Cleanup Value  (pCi/g) Source of Cleanup Goal Value 

Cs-137 23 OU I ROD (BNL, 2009) 

Sr-90 15 OU I ROD (BNL, 2009) 

Ra-226 5 OU I ROD (BNL, 2009) 

H-3 424(2) (1) 

Co-60 1,260 (3) (1) 

Eu-152 51 (3) (1) 

Eu-154 180 (3) (1) 

U-235 4.6 (4) (1) 

U-238 4.7 (4) (1) 

Pu-238 57 (3) (1) 

Pu-239/Pu-240 35 (3) (1) 

Am-241 34 (3) (1) 
Notes:  

1. For those nuclides not referenced, the estimated cleanup levels were not listed in either the OU I ROD nor in other BNL  
remediation references. If these nuclides were detected, RESRAD was used to develop the cleanup levels that will meet 
the 15 mrem/yr criteria. 

2. The value is based on a RESRAD evaluation for a residential scenario with no decay. 
3. The value is based on a RESRAD evaluation for a residential scenario with 50 years of decay. 
4. Values listed for uranium are based on 4 mrem/yr from groundwater consumption. 

   

2.2 Design Criteria 
 
Technical specifications and design criteria for the BGRR Engineered Cap Project were 
established in the BGRR ROD and the Draft Final Remedial Design/Remedial Action 
Work Plan for the Installation of an Engineered Cap and Monitoring System (BNL, 
March 2008).  The design criteria included: 

 Grading the existing property to create a slope away from the below-grade duct 
and Building 701; 

 Installation of an engineered cap to the west, east and south of Building 701 that 
will prevent water intrusion into remaining radiologically-contaminated sub-
surface components and soil described in Section 1.5; and 

 Installation of three groundwater monitoring wells along the southern perimeter 
of the engineered cap to monitor the effectiveness of the cap; and the installation 
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of one groundwater monitoring well north of Building 703 to monitor 
groundwater up-gradient of the cap. 

2.3 Community Relations Activities 

2.3.1 BNL Community Relations  
The BNL Community Involvement Plan was published April 15, 1999. It is 
supplemented by project-specific plans. In the case of the BGRR, a BGRR Community 
Relations Plan was developed. In accordance with these two plans and CERCLA 
Sections 113 (k)(2)(B)(i-v) and 117, the community relations program focuses on 
informing and involving the public in the decision-making process to ensure that the 
views of the internal and external stakeholder communities are considered. A variety of 
activities are used to provide information and to seek public participation, including 
distribution of materials to a stakeholders’ mailing list; holding community meetings, 
information sessions, tours, and workshops; and preparing and distributing fact sheets. 
The Administrative Record, which documents the basis for removal and remedial actions, 
was established and is maintained at the libraries listed below: 
 
Brookhaven National Laboratory 
Research Library 
Bldg. 477A 
Upton, NY 11973 
631-344-3483 or 631-344-3489 
 
Stony Brook University 
Melville Library 
Special Collections and University Archives 
Room E-2320 
Stony Brook, NY 11794 
631-632-7119 
 
U.S. EPA - Region II 
Records Room 
290 Broadway, 18th Floor 
New York, New York 10007 
212-637-4308 
 

2.3.2 Community Involvement  
The community involvement process for the BGRR was an integral part of making 
cleanup decisions. Project staff made numerous presentations to the Community 
Advisory Council (CAC), the Brookhaven Executive Round Table (BER), and various 
local civic associations. 
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Shortly after the 1997 decision to begin decommissioning the BGRR, possible 
decommissioning alternatives were developed and considered. Three roundtable meetings 
to elicit public comments and concerns were held in July and August of 1999.  
 
Additionally, interested parties were invited to participate in the BGRR Working Group. 
Members included some local residents, representatives of several Suffolk County 
agencies, and representatives of the CAC. The Working Group had its initial meeting in 
June, 2000, and met until April, 2003. The Working Group closely followed the interim 
response actions and provided input on when information should be presented to the 
CAC. 
 
The BGRR Proposed Remedial Action Plan (PRAP) was released for public review and 
comment on August 2, 2004. The Notice of Availability was published in Newsday and 
Suffolk Life, as were advertisements for two information sessions and a public meeting. 
Information sessions were held on August 17 and 19, and the public meeting was held on 
August 24, 2004. The public comment period closed on September 3, 2004. The 
Responsiveness Summary section of the BGRR ROD summarized the written and oral 
comments received during the public comment period and DOE’s responses to these 
comments.  Project staff continued to provide periodic updates to the CAC and the BER 
as the BGRR Engineered Cap Project entered the implementation phase. 
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3.0 CONSTRUCTION ACTIVITIES 
 
The objective of the BGRR Engineered Cap Project was to safely complete the 
installation of the BGRR Engineered Cap and Monitoring System and as-left radiological 
survey.  Work was initiated in May 2010 and completed in June 2011.  The site plan for 
the BGRR Engineered Cap Project is shown on Figure 3-1. 
 
An Environmental, Safety & Health (ES&H) Plan, Job Safety Analyses (JSAs) and 
project-specific work procedures were developed to address hazards and work steps 
associated with the BGRR Engineered Cap Project. The information presented in the 
project plans was presented during a project kick-off meeting.  In addition, project 
hazards and work steps were reviewed with site workers prior to initiating work during 
daily tailgate safety meetings. Copies of project plans were available onsite at all times. 
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3.1 Preparation Activities 
The completion of several preparation activities was necessary prior the installation of the 
engineered cap.  These activities included: 

 Demolition of the DSB down to existing grade; 

 Installation of a permanent roof (“dog house”) over the BGD filter openings; 

 Removal of the Building 701 transformers; 

 Miscellaneous preparation items, including the removal of the Building 701 
temporary vestibules, modifications of building utilities and grouting the South 
Side Building 701 Air Plenum; and 

 Subgrade preparation, including removal of asphalt (approximately 3 inches 
thick) and soil (approximately 21 inches thick), as well as grading and 
compaction of the subgrade.  

 

3.1.1 Demolition of the Duct Service Building 

The DSB (Building TR-897) was erected in 2003 to act as a temporary enclosure to allow 
for the removal of the BGD exit air filter and the primary liner.  These activities were 
completed in 2004.  The DSB was a one-story, metal arched structure approximately 74.5 
feet long by 30 feet wide by 33 feet tall. 
 

 
Photograph 1 – View of the DSB prior to demolition 
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Demolition of the DSB was performed in June 2010.  An excavator equipped with 
hydraulic shears was the primary tool used to dismantle the building.  The north wall of 
the DSB was dismantled first to allow for the removal of a gantry crane.  Once removed, 
the gantry crane was disassembled and the remaining DSB was demolished to grade. 
 

 
Photograph 2 – Demolition of the DSB 

 

3.1.2 Installation of Roof Over the Below Ground Duct Filter Openings 

Upon completing the demolition of the DSB, it was necessary to install a permanent roof 
(“dog house”) over the BGD filter opening.  The roof, which consists of wood rafters, 
roof sheets and drainage gutters, was installed between August 2010 and September 
2010. 
 

 
Photograph 3 – Installation of the permanent roof over the BGD filter opening 
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Photograph 4 – Completed permanent roof over BGD filter opening 

3.1.3 Removal of Building 701 Transformers 

Several transformers, located immediately southwest of Building 701, were removed by 
BNL Facility and Operations (F&O) between June 2010 and July 2010.  The transformers 
were disconnected and drained prior to removal.  BNL F&O sampled the oil drained from 
the transformers and determined that it did not contain polychlorinated biphenyls (PCBs).  
The non-PCB oil and oily rags and plastic that were generated while draining the 
transformers were packaged and shipped for offsite disposal, as discussed in Section 
3.5.1.    The transformers and associated cables were shipped offsite for dismantlement 
and recycling, as discussed in Sections 3.5.1 and 3.5.2.  Associated components that 
contained asbestos were removed by Advanced Environmental Services of Bay Shore, 
NY. 
 

 
Photograph 5 – Building 701 transformers prior to removal 
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The transformer pads, which included ACM, were subsequently demolished and the 
associated lead jacketed copper cables were removed and recycled onsite.  Advanced 
Environmental Services of Bay Shore, New York performed asbestos abatement related 
to the removal of the transformer pads in September 2010.  Concrete associated with the 
transformer pads, which was greater than 3 feet below existing grade, was left in place. 
 

 
Photograph 6 – Asbestos abatement at previous location of Building 701 transformers 

 

3.1.4 Miscellaneous Preparation Items 

Several miscellaneous preparation items were also completed prior to installation of the 
engineered cap, as described below: 
  
 Two temporary vestibules attached to Building 701 were located in areas where 

the engineered cap was to be constructed.  The temporary vestibules were 
removed in September 2010. 

 
 Shallow underground utilities, including building roof drains and fire protection 

piping, were located in areas where the cap was to be constructed.  These utilities 
were modified between July 2010 and August 2010. 

 
 The South Side Building 701 Air Plenum created a potential void space beneath 

the engineered cap.  The plenum was grouted on October 20, 2010. 
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Photograph 7 – Grouted South Side Building 701 Air Plenum 

 

3.1.5 Subgrade Preparation 

The existing asphalt (approximately 3 inches thick) and some soil (approximately 21 
inches thick) were removed over the entire area of the engineered cap.  The asphalt and 
soil were sampled for radiological and hazardous contaminants, and in-process 
radiological surveys were performed in accordance with Work Procedure 324-19, Final 
Status Survey (FSS) Procedure for the BGRR Engineered Cap, Rev. 1 (BNL, April 2011), 
as discussed further in Section 3.5.  Asphalt and overburden soil results, as well as in-
process radiological survey forms, are provided as Appendix A. 
 
The asphalt met reuse criteria (which were 1/2 of Table 2-1 site cleanup criteria) and was 
recycled at the BNL site. The majority of excavated soil also met reuse criteria and was 
used as backfill for ongoing HFBR and BGRR remediation projects, and other projects 
within the BNL site.  Approximately 2 cubic yards of soil and an isolated rock exhibited 
elevated radiological activity (approx. 70,000 counts per minute [cpm]) when measured 
with an unshielded 2-inch by 2-inch sodium iodide (NaI) detector.  As discussed further 
in Section 3.2.2, 20,400 cpm was established as the trigger level for the project.   A 
sample of this material was submitted for onsite gamma spectroscopy and the results 
identified Cs-137.  Follow-up radiological surveys did not identify any additional 
radioactivity above 20,400 cpm in the area where the material was removed.  The 
removed material was segregated and disposed as described in Section 3.5. 
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Photograph 8 – Removal of existing asphalt 

 
Several interferences, including abandoned copper piping, two 22-inch cooling water 
lines, a valve box and control piping and concrete under-pour were encountered during 
subgrade preparation activities.  This material was segregated and disposed as described 
in Section 3.5. 
 

 
Photograph 9 – Piping encountered during subgrade preparation 

 
 

Upon completing the as-left radiological survey described in Section 3.2, the subgrade 
was graded and compacted to an elevation 24 inches less than the final surface elevation 
of the asphalt wearing course.  The subgrade was graded at a slope of 1 foot vertical to 75 
feet horizontal (1.33% slope) away from the building.  The subgrade land survey is 
included in Appendix B.  Soil compaction test results are summarized in the Project 
Completion Report for the Brookhaven National Laboratory BGRR Engineered Cap, 
Building 701 (EnviroTrac Ltd., July 2011), provided as Appendix C.  The complete set of 
subgrade soil compaction test reports are provided in Appendix D. 
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3.2 As-Left Survey and Sampling 
Once the existing asphalt and 21 inches of soil were removed, an as-left radiological 
survey was performed over the entire area of the engineered cap in accordance with Work 
Procedure (WP)-324-19, Final Status Survey (FSS) Procedure for the BGRR Engineered 
Cap, Rev. 1.  As discussed in Section 2.1, the primary radionuclides of concern, based on 
exposure potential, were Cs-137, Ra-226 and Sr-90.  Although less likely to be present, 
certain other radionuclides were monitored and include tritium, gamma emitters (e.g., 
Co-60, Eu-152 and Eu-154), and alpha emitters such as isotopes of uranium, americium 
and plutonium. 
  

3.2.1 As-Left Survey Design 

A two-step approach to confirming the as-left conditions was followed using the 
MARSSIM approach for the BGRR Engineered Cap Project.  The first step consisted of a 
global positioning system (GPS)-based gamma scintillation walkover survey using a 2-
inch by 2-inch NaI detector in conjunction with a Ludlum Model 2221 scaler/ratemeters 
and with the PRO XR Satellite Receiver Trimble model TSCe Data Logger (Trimble 
Unit). The second step involved the collection of soil samples, in accordance with BNL 
EM standard operating procedures (SOP) for offsite analysis to verify that residual 
radiological contamination levels were sufficiently low to meet the cleanup goals 
established for the site.  
 
The engineered cap area was divided into two survey units (SU-1 & SU-2).  Twenty 
surface soil samples were collected within SU-1, which encompasses the northern portion 
of the cap that surrounds Building 701.  Thirty surface soil samples were collected within 
SU-2, which encompasses the southern portion of the cap in the vicinity of the below 
ground duct.  Each soil sample was analyzed by onsite gamma spectroscopy.  In addition, 
two composite soil samples were collected from each survey unit and sent offsite to GEL 
Laboratories, LLC of Charleston, South Carolina for radiological and metals analysis.   
The approximate survey unit boundaries and soil sample locations are shown on Figure 
3-2. 
 

 
Photograph 10 – Performing as-left radiological walkover survey prior to installation of the engineered cap 
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3.2.2 As-Left Survey and Sampling Results 

The results of the as-left radiological walkover survey exhibit count rates below 20,400 
cpm for all areas within the SU-1 and SU-2, as shown in Figure 3-3. The 20,400 cpm 
count rate was previously determined to approximate a Cs-137 concentration of 23 pCi/g 
in soil when using the unshielded NaI gamma scintillation detector, as specified in Work 
Procedure 324-19, Final Status Survey (FSS) Procedure for the BGRR Engineered Cap, 
Rev. 1 (BNL, April 2011).  Radiological walkover surveys indicated that greater than 
95% of the area was less than 15,000 cpm.   
 
In addition, individual one-minute fixed-count measurements were taken with the NaI 
probe at each of the fixed sample points. Of the 50 one-minute fixed-count 
measurements, 6 measurements exceeded the established 20,400 cpm level, due to their 
proximity to radiation sources within Building 801.  The elevated measurements were 
validated with a shielded probe and were acceptable.  Results of the 50 unshielded one-
minute fixed-count measurements ranged from 5,667 to 30,688 cpm. Radiological survey 
forms for gamma walkover and fixed-count readings are provided in Appendix E. 
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Soil was collected at a minimum of 16 surface soil sample locations per survey unit as 
specified in Work Procedure 324-19, Final Status Survey (FSS) Procedure for the BGRR 
Engineered Cap, Rev. 1).  A total of 50 surface soil samples were collected and combined 
into 4 composite soil samples for offsite analysis of radionuclides and chemical 
contaminants of concern, as described above.    
 
All soil sample results were below the OU I site cleanup goals for Cs-137, Sr-90 and Ra-
226, which are 23 pCi/g, 15 pCi/g, and 5 pCi/g, respectively. A summary of the soil 
sample results is provided in Table 3-1.  Additional radionuclides were analyzed, 
including tritium and isotopes of uranium and plutonium; however no composite soil 
samples indicated detectable values for these radionuclides.  These results are provided in 
Appendix E. 
 
 

Table 3-1    

Summary of BGRR Engineered Cap Soil Sample Results for Primary Radionuclides of Concern 

 

OU I 
Cleanup 

Goal 
(pCi/g) 

SU-1  
Comp (1-10) 

(pCi/g) 

SU-1  
Comp (11-20) 

(pCi/g) 

SU-2 
Comp (1-15) 

(pCi/g) 

SU-2 
Comp (16-30) 

(pCi/g) 

Cs-137 23 1.32 J 0.189 J 0.443 J 0.286 J 

Sr-90 15 2.03  0.233 U 0.231 U 0.348 U 

Ra-226 5 0.243  0.312  0.629  0.460  

Notes: 
U – Indicates that the isotope was analyzed for, but was not detected. 
J – Indicates an estimated value. 
 
 
Chemical results for soil samples analyzed for mercury, lead, copper, nickel, and zinc 
also indicated that residual soil concentrations for these contaminants are within their 
respective cleanup goals.  Composite soil sample results for chemical contaminants are 
provided in Table 3-2.  
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Table 3-2   

Summary of BGRR Engineered Cap Soil Sample Results for Chemical Contaminants of Concern 

 
Cleanup 

Goal 
(mg/kg) 

SU-1  
Comp (1-10) 

(mg/kg) 

SU-1  
Comp (11-20) 

(mg/kg) 

SU-2 
Comp (1-15) 

(mg/kg) 

SU-2 
Comp (16-30) 

(mg/kg) 

Lead 400 9.98  14.9  11.3  11.4  

Mercury 1.84 0.110  0.0109 U 0.0678  0.0225  

Nickel 140 1.24  1.98  3.82  2.24  

Zinc 2,200 14.6  11.6  13.6  11.6  

Copper 270 5.32  5.34  5.39  7.96  

Notes: 
U – Indicates that the isotope was analyzed for, but was not detected. 
J – Indicates an estimated value. 
 

3.2.3 As-Left Survey Conclusions 

As indicated above, results of the as-left survey of surface soils following the completion 
of the subgrade preparation and spot remediation demonstrate conformance to the OU I 
cleanup goals.  These cleanup goals were used to guide the management of excavated 
asphalt and soil (overburden), as well as to assess the surficial as-left conditions prior to 
installation of the cap.   

3.2.4 Independent Verification 

ORISE performed a Type A independent verification of the as-left survey. The Type A 
independent verification included a review of project plans and procedures, as well as 
review of as-left radiological walkover survey and soil sampling results.  The ORISE 
independent verification for the BGRR Engineered Cap Project was performed between 
May 2011 and July 2011.  ORISE determined that project cleanup goals were met.  The 
independent verification is documented by the Type A Verification Report for the 
Brookhaven Graphite Research Reactor Engineered Cap, Brookhaven National 
Laboratory, New York, DCN:  5098-SR-07-0 (ORISE, July 15, 2011), which is provided 
as Appendix F. 

3.3 Engineered Cap Installation  
The engineered cap was installed in four different sections (“East Cap,” West Cap,” 
“South Cap,” and “Southeast Cap”) between January 2011 and June 2011.  As shown on 
Figure 3-1, the engineered cap covers an area of approximately 32,400 square feet.  To 
the east, the cap extends approximately 60 to 70 feet from Building 701. The cap extends 
approximately 60 feet south from the southwest corner of Building 701 and 
approximately 120 feet south of the southeast corner of Building 701.  To the west, the 
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cap extends approximately 30 to 40 feet from Building 701.  The engineered cap consists 
of a multi-layer barrier with the following layers from bottom to top: 
 

 3-inch thick sand protection layer; 
 40-mil high-density polyethylene (HDPE) liner; 
 12-inch thick sand protection layer; 
 A geotextile liner; 
 2-inch thick crushed stone protection layer; 
 4-inch thick asphalt treated base (ATB) course; and 
 3-inch thick hot-mix asphalt surface course. 

 
Two concrete pads were also installed adjacent to the Building 701 east and west rollup 
doors as part of the engineered cap, as further described in Section 3.3.1.   
 
The redlined project specifications and the as-built drawings for the engineered cap are 
provided in Appendix B.  The layers of the engineered cap are illustrated in Figure 3-4.  
Additional information associated with the construction of the engineered cap is specified 
in the Project Completion Report for the Brookhaven National Laboratory BGRR 
Engineered Cap, Building 701 (EnviroTrac Ltd., July 2011), provided as Appendix C. 
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3.3.1 Concrete Pads Installation 
The installation of the concrete pads was not originally specified in the Draft Final 
Remedial Design/Remedial Action Work Plan for the Installation of an Engineered Cap 
and Monitoring System (BNL, March 2008); however the pads were later deemed 
necessary to provide a more stable access to the building after soil settling (sinkholes) 
was observed near the two rollup doors.  Soil sloughing beneath the west Building 703 
south grade beam (near the Building 701 west rollup door) and the east Building 703 
south grade beam (near the Building 701 east rollup door) was determined to be the cause 
of the soil settling.  Since the original design of the engineered cap had the geomembrane 
attaching to the Building 703 south grade beam on the east and west sides of Building 
701, the design was modified to terminate the geomembrane portion of the cap at the 
northern end.  As specified in the Addendum to the Draft Final Remedial 
Design/Remedial Action Work Plan for the Installation of an Engineered Cap and 
Monitoring System (BNL, September 2010), the modified design included the installation 
of 12-inch thick reinforced concrete pads at the east and west junctures of Buildings 701 
and 703.  The concrete pads provide a more stable attachment point than the Building 703 
grade beam as there is no risk of failure of the cap’s attachment should there be continued 
sloughing or soil settling. 
 
One vertical foot of New York State (NYS) No. 57 crushed blue stone was placed and 
compacted with a vibratory plate tamper prior to pouring the concrete.  The concrete mix 
included a waterproofing admixture to increase the impermeability of the concrete.  
Retrofit waterstops were installed between the concrete pads and the Building 701 and 
Building 703 grade beams to prevent water intrusion.  In addition, the geomembrane for 
the engineered cap was attached to the concrete pads using a gasketed batten system.  
Compressive strength testing of the concrete was performed by Nicolia Ready-Mix 
Corporation of West Babylon, New York.  Additional information regarding the concrete 
pads, including concrete testing results, are provided in the Project Completion Report 
for the Brookhaven National Laboratory BGRR Engineered Cap, Building 701 
(EnviroTrac Ltd., July 2011) (Appendix C).  Concrete strength test reports are also 
provided in Appendix D. 
 

 
Photograph 11 – Installation of the concrete pad near the Building 701 east rollup door. 
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3.3.2 3-inch Sand Protection Layer 

The 3-inch sand protection layer was installed below the HDPE liner to protect the liner 
from puncture by the rock and gravel below.  The sand protection layer was installed in a 
3-inch lift and compacted to 85% maximum density (per American Society for Testing 
and Materials [ASTM] D1557-09, Standard Test Methods for Laboratory Compaction 
Characteristics of Soil Using Modified Effort [ASTM, 2009]).  The sand protection layer 
was graded at a slope of 1 foot vertical to 75 feet horizontal (1.33% slope) away from 
Building 701.  Soil compaction tests were performed by Soil Mechanics Drilling Corp of 
Seaford, NY.  Soil compaction test results are summarized in the Project Completion 
Report for the Brookhaven National Laboratory BGRR Engineered Cap, Building 701 
(EnviroTrac Ltd., July 2011) (Appendix C).  The complete set of soil compaction test 
reports are provided in Appendix D. 
  

3.3.3 HDPE Liner 

The 40 mil HDPE liner was installed in accordance with the manufacturer’s instructions.  
The seams between liner sheets were overlapped by 6 inches and welded using an 
extrudate material made from the same resin as the geomembrane.  The liner was 
anchored to the concrete building foundation using stainless steel battens and concrete 
anchors to prevent water intrusion along the building foundation wall.  The liner was also 
anchored to all penetrations (i.e., piping, storm drains, monitoring well casings) using 
stainless steel bands to prevent water intrusion at these locations.   
 
The physical properties of the HDPE liner meet or exceed the ASTM test method values 
specified in Table 2-1 of the Draft Final Remedial Design/Remedial Action Work Plan 
for the Installation of an Engineered Cap and Monitoring System (BNL, March 2008) 
and the table provided in Section 31 05 19.16 of the project specifications.  Specification 
sheets for the HDPE liner were reviewed and approved by the project engineer.  The 
HDPE liner was tested in accordance with project specifications.   
 
Each geomembrane seam was tested by Chenango Contracting, the geomembrane 
subcontractor, in accordance with ASTM D 4437 Standard Practice for Determining the 
Integrity of Field Seams Used in Joining Flexible Polymeric Sheet Geomembranes.   
 
All field seams were non-destructively tested over the full seam length.  The location, 
date, test unit, name of tester, and outcome of all non-destructive testing were recorded 
on a “Geomembrane Seaming Record,” which is provided in the Project Completion 
Report for the Brookhaven National Laboratory BGRR Engineered Cap, Building 701 
(EnviroTrac Ltd., July 2011) (Appendix C).  Double fusion seams were tested using an 
air pressure test (AT) in accordance with ASTM D 4437 and ASTM D 5820, Standard 
Practice for Pressurized Air Channel Evaluation of Dual Seamed Geomembranes.  
Extrusion seams were tested using a vacuum box (Vbox) in accordance with ASTM D 
4437 and ASTM D 5641, Standard Practice for Geomembrane Seam Evaluation by 
Vacuum Chamber.   All of the seams passed the non-destructive tests prior to being 
covered with soil. 
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As directed in the project specifications, the geomembrane subcontractor performed one 
destructive test per 1,500 linear feet of seam length in accordance with ASTM D 4437 
and ASTM D 6392, Standard Test Method for Determining the Integrity of Non-
Reinforced Geomembrane Seams Produced Using Thermo-Fusion Methods.  The 
location, name of tester, and outcome of all destructive testing were recorded on a “Seam 
Destructive Sample Log,” which is provided in Project Completion Report for the 
Brookhaven National Laboratory BGRR Engineered Cap, Building 701 (EnviroTrac Ltd., 
July 2011) (Appendix C).  The destructive sample size was 12 inches wide by 36 inches 
long with the seam centered lengthwise.  From the sample, the geomembrane 
subcontractor cut ten identical 1-inch wide replicate specimens.  Five of the specimens 
were field tested for peel strength and five specimens were tested for shear strength.  
Each of the destructive test samples passed the peel strength and shear strength tests.   
 

 
Photograph 12 – Installation the HDPE liner near the Building 701 east rollup door 
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3.3.4 12-inch Sand Protection Layer 

The 12-inch sand protection layer was installed on top of the HDPE liner to protect the 
linter from puncture by the crushed stone and asphalt base courses above.  The sand 
protection layer was compacted to 85% maximum density (per ASTM D1557-09).  The 
sand protection layer was graded at a slope of 1 foot vertical to 75 feet horizontal (1.33% 
slope) away from Building 701.  Soil compaction tests were performed by Soil 
Mechanics Drilling Corp of Seaford, NY.  Soil compaction test results are summarized in 
the Project Completion Report for the Brookhaven National Laboratory BGRR 
Engineered Cap, Building 701 (EnviroTrac Ltd., July 2011) (Appendix C).  The complete 
set of soil compaction test reports are provided in Appendix D. 
 
 

 
Photograph 13 – Area south of Building 701 after placement of 12-inch sand protection layer 

3.3.5 Geotextile Layer 

The geotextile layer was installed on top of the sand protection layer in accordance with 
the manufacturer’s instructions.  The seams between the geotextile sheets were 
overlapped by a minimum of 18 inches.  Pins were not used to hold down the geotextile 
layer due to the threat of puncturing the underlying geomembrane.  Instead, sandbags 
were used to weight down the geotextile layer during windy conditions. 
 
The physical properties of the geotextile meet or exceed the ASTM test method values 
specified in Table 2-2 of the Draft Final Remedial Design/Remedial Action Work Plan 
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for the Installation of an Engineered Cap and Monitoring System (BNL, March 2008) 
and the table provided in Section 31 05 19.13 of the project specifications.  Specification 
sheets for the geotextile were reviewed and approved by the project engineer. 
 
 
 

 
Photograph 14 – Geotextile layer installed west of Building 701 
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3.3.6 2-inch Crushed Stone Protection Layer 

The 2-inch crushed stone protection layer was installed on top of the geotextile layer to 
provide protection to the geotextile layer from the hot temperatures during installation of 
the ATB.  The crushed stone protection layer was compacted with a vibratory compactor; 
however since the layer was less than 6 inches, the sand cone test for compaction was not 
performed.  Instead, the 2-inch crushed stone protection layer was visibly inspected by a 
professional engineer to ensure sufficient compaction.  The crushed stone protection layer 
was graded at a slope of 1 foot vertical to 75 feet horizontal (1.33% slope) away from 
Building 701. 
 

 
Photograph 15 – Installation of crushed stone protection layer 

 

3.3.7 Asphalt Treated Base 

The 4-inch thick ATB base course was installed and compacted on top of the crushed 
stone protection layer in accordance with the specifications.  Compaction tests were 
performed by Soil Mechanics Drilling Corp of Seaford, NY.  The compaction test results 
are summarized in the Project Completion Report for the Brookhaven National 
Laboratory BGRR Engineered Cap, Building 701 (EnviroTrac Ltd., July 2011) 
(Appendix C).  The complete set of ATB compaction test reports are provided in 
Appendix D. 
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3.3.8 Hot-Mix Asphalt Surface 

The 3-inch thick hot-mix asphalt surface course was installed and compacted on top of 
the ATB course in accordance with project specifications.  The hot mix asphalt surface 
course was treated with an asphalt seal coat to reduce water infiltration into the asphalt 
pavement.  The seal coat was installed in accordance with the product specifications. 
 

 
Photograph 16 – Treating asphalt surface with seal coat west of Building 701 

 

 
Photograph 17 – Finished engineered cap southeast of Building 701 
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3.4 Groundwater Monitoring Well Installation 
Groundwater monitoring well installation was performed between March 2011 and April 
2011.  In accordance with the Draft Final Remedial Design/Remedial Action Work Plan 
for the Installation of an Engineered Cap and Monitoring System (BNL, March 2008), 
three groundwater monitoring wells (BGRR-MW-01-2011 through BGRR-MW-03-2011) 
were installed along the southern perimeter of the engineered cap for the purpose of 
monitoring the effectiveness of the cap; and one groundwater monitoring well (BGRR-
MW-04-2011) was installed to the north of Building 703 to monitor groundwater up-
gradient of the cap.  An additional groundwater monitoring well that was outside of the 
scope of the BGRR Engineered Cap Project (BGRR-MW-05-2011) was installed by EPD 
to monitor groundwater in the vicinity of a nearby groundwater treatment (extraction) 
well, as well as to provide for additional groundwater monitoring south of the cap.  The 
hollow-stem auger drilling method was used to install the five groundwater monitoring 
wells.  Groundwater monitoring well locations are shown on Figure 3-5 and well 
construction details, including well screen intervals, are provided in Appendix G.  
 

 
Photograph 18 – Finished flush-mount groundwater monitoring well. 
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3.5 Waste Management 

3.5.1 Waste Characterization, Handling and Disposal 

The waste management strategy, waste characterization, packaging, handling, and storage 
were performed in accordance with the Waste Management Plan for Brookhaven 
Graphite Research Reactor (BGRR) Miscellaneous Tasks and Post Removal Restoration 
(BNL, February 2008) and BNL Standards Based Management System (SBMS) waste 
management procedures.   
 
Approximately 131 cubic yards of debris resulting from the demolition of the DSB was 
characterized as low-level radioactive waste (LLRW).  The DSB waste was placed into 
an intermodal shipping container or connex box and shipped via rail to Energy Solutions 
of Clive, Utah for disposal.   
 
Approximately 2 cubic yards of debris resulting from the removal of the Building 704 
vestibules was placed into a construction debris dumpster container and transported via 
truck and disposed of as C&D waste at the Brookhaven Town Landfill in Brookhaven, 
New York.  
 
The 68.3 gallons of oil drained from the building 701 transformers was placed into two 
55-gallon drums and shipped via truck to Veolia ES Technical Services in Middlesex, 
New Jersey for disposal.  The associated oily debris (approx. 0.27 cubic yards of rags, 
plastic, etc.) was placed into a 55-gallon drum and shipped via truck to Clean Harbors 
Modern Landfill in York, Pennsylvania.  The transformers and lead jacketed copper 
cables (containing approximately 40 pounds of lead and 600 pounds of copper) were 
loaded onto a flatbed truck and shipped to Crestwood Metal Corporation’s facility in 
Holbrook, NY for dismantlement and recycling.  Demolition of the transformer pad 
created approximately 6 cubic yards of ACM, which was place into a roll-off container 
and shipped to Veolia Greentree Landfill in Kersey, Pennsylvania for disposal.   
 
As described in Section 3.1, asphalt that was removed during subgrade preparation was 
recycled at the BNL site.  The majority of excavated soil was reused as backfill for 
ongoing HFBR and BGRR projects, as well as other projects within the BNL site; 
however approximately 2 cubic yards of soil that exhibited radioactivity slightly above 
background levels was placed into an intermodal shipping container with LLRW from the 
HFBR Fan Houses Project and shipped via rail to Energy Solutions of Utah for disposal.  
In addition, a small rock that exhibited activity slightly above background levels was 
segregated and placed into an intermodal shipping container with waste from the BGRR 
Bioshield Removal Project and shipped via rail to Energy Solutions of Clive, Utah for 
disposal. 
 
Several interferences, including abandoned copper pipe, two 22-inch cooling water lines, 
a valve box and control piping and concrete under-pour, were encountered during 
subgrade preparation activities.  This material (approx. 8,000 pounds), was placed into an 
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intermodal shipping container with waste from the BGRR Bioshield Removal Project and 
shipped via rail to Energy Solutions of Utah for disposal. 
 
 
 

Table 3-3 
Project Waste Summary 

 
Waste Type Manifested Volume  Containers Disposal Facility Shipping Method 

Clean Demolition 
Debris 

2 yd3 
(C&D) 

1-Construction Debris 
Dumpster 

 

Brookhaven Town 
Landfill 

Truck 

Hazardous Industrial 
Waste - ACM 

6 yd3 
 

1-20 yard Roll-off Veolia Greentree 
Landfill, Kersey, 

PA 

Truck 

Radiologically 
Contaminated 

Demolition Debris 

131 yd3 
(LLRW) 

6-20 cubic yard 
intermodals 

1-20 foot connex box 

Energy Solutions, 
Clive, Utah 

Rail 

Non-PCB Oil 68.3 gallons 2-55 gallon drums Veolia ES 
Technical 
Services, 

Middlesex, NJ 

Truck 

Non-PCB Oily debris 0.27 yd3 
 

1-55 gallon drum Clean Harbors 
Modern Landfill, 

York PA 

Truck 

Copper, steel, 
concrete 

8,000 lbs 
(LLRW) 

1-intermodal container Energy Solutions, 
Clive, Utah 

Rail 

 
 

3.5.2 Pollution Prevention and Waste Minimization Opportunities 

Waste minimization and pollution prevention methods employed during the BGRR 
Engineered Cap Project included characterizing asphalt, concrete and soil (overburden) 
that was removed during subgrade preparation.  Approximately 300 cubic yards of 
asphalt and 23 cubic yards of concrete were recycled at the BNL site; and the majority of 
the approximately 1,800 cubic yards of soil were reused as backfill for HFBR and BGRR 
projects, as well as other projects within the BNL site.  In addition, the Building 701 
transformers and the associated lead jacketed copper cables were dismantled and recycled 
at Crestwood Metal Corporation’s facility in Holbrook, NY. 
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3.6 Site Restoration 
In accordance with project specifications, site restoration activities included grading and 
the installation of erosion controls (e.g., riprap, straw matting, etc.) adjacent to the 
completed engineered cap.  In addition, disturbed grassed areas were seeded with native 
Long Island grasses.  Hydroseeding methods were utilized in accordance with the 
handling and application requirements provided in project specifications.  Site restoration 
activities were completed in June 2011. Future site controls are discussed in Section 7.0. 
 
 

 
Photograph 19 – Installation of erosion controls along eastern border of finished engineered cap. 
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4.0 CHRONOLOGY OF EVENTS 
 
The following table lists a chronology of the main events for the BGRR Engineered Cap 
Project. 
 

Table 4-1   Chronology of Events for the BGRR Engineered Cap Project  

Date Event 

January 31, 2005 BGRR ROD Approved 

March 28, 2008 Draft Final Remedial Design/Remedial Action Work Plan for installation of the BGRR 
Engineered Cap and Monitoring System 

June 2010 Demolition of the Duct Service Building 

August-September 2010 Installation of permanent roof over the BGD filter openings 

June-October 2010 Removal of the Building 701 transformers, concrete pad and associated asbestos 
abatement 

September-October 2010 Completion of miscellaneous preparation items prior to cap installation 

January-June 2011 Subgrade preparation and installation of the engineered cap 

May 2011 Completion of the as-left survey 

March-April 2011 Installation of groundwater monitoring wells for the engineered cap 

June 2011 Completion of site restoration 

June 2011 Completion of project waste disposal 
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5.0 PERFORMANCE STANDARDS & QUALITY 
CONTROL 
 
The performance standard was the installation of the BGRR Engineered Cap and 
Monitoring System in accordance with project specifications.  Asphalt and overburden 
soils were surveyed and sampled during subgrade preparation to guide the management, 
reuse and disposal of these materials.  These results are provided in Appendix A.   
 
An as-left survey of surface soils was performed after removing overlying asphalt and 
soil and performing spot remediation.  As-left concentrations for Cs-137, Sr-90 and Ra-
226 in surface soils were below the OU I cleanup goals of 23 pCi/g, 15 pCi/g, and 5 
pCi/g, respectively. In addition, concentrations of mercury, lead, nickel, copper and zinc 
in soil were below the OU I cleanup goals of 1.84 mg/kg, 400 mg/kg, 140 mg/kg, 270 
mg/kg and 2,200 mg/kg, respectively.  These results are provided in Appendix D. 
 
Quality control/quality assurance (QA/QC) soil samples were collected in accordance 
with Work Procedure 324-19, Final Status Survey (FSS) Procedure for the BGRR 
Engineered Cap, Rev. 1 (BNL, April, 2011).  Field duplicates were collected at a 
minimum frequency of one per twenty soil samples and analyzed for the radiological and 
chemical contaminants of concern. QA/QC results are summarized with asphalt and 
overburden soil survey and soil sample results provided in Appendix A. 
    
The results of soil compaction, concrete strength, asphalt compaction and geomembrane 
QA/QC testing all met project specifications.  Materials testing for the engineered cap 
were performed as follows: 
 
 Concrete test cylinders were collected and tested by Soil Mechanics Drilling 

Corp. of Seaford, NY, at three locations on the east concrete pad and two 
locations on the west concrete pad. 
 

 Sand cone analysis to determine compaction for the subgrade and 3-inch sand 
protection layer was performed at 26 locations by Soil Mechanics Drilling Corp. 
of Seaford, NY. 
 

 Sand cone analysis to determine compaction for the 12-inch sand protection layer 
was performed at 15 locations by Soil Mechanics Drilling Corp. of Seaford, NY. 
 

 Asphalt pavement cores were collected at 4 locations to determine compaction of 
the ATB layer. 
 

 QA/AC testing of the geomembrane was performed by Chenango Contracting, 
Inc. of Johnson City, NY. 
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The geomembrane installation and QA/QC documentation is provided as Appendix D of 
the Project Completion Report for the Brookhaven National Laboratory BGRR 
Engineered Cap, Building 701 (EnviroTrac Ltd., July 2011) (Appendix C).  Concrete test 
reports, soil compaction test reports and ATB compaction test reports are provided in 
Appendix D.   
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6.0 Final Inspection and Certifications 
 
In accordance with the BGRR ROD, an as-left survey was performed of surface soils 
after the removal of asphalt and overburden soils and prior to the installation of the cap.  
These results were previously discussed in Section 3.2. 
 
As discussed in Section 5.0, materials testing was performed during the installation of the 
engineered cap.  These testing results are summarized in the Project Completion Report 
for the Brookhaven National Laboratory BGRR Engineered Cap, Building 701 
(EnviroTrac Ltd., July 2011) (Appendix C).  In addition, the complete set of concrete 
strength, soil compaction and ATB compaction test reports are provided in Appendix D. 
 
All cap materials were approved by a licensed engineer.  The subgrade and the top of the 
engineered cap were surveyed by a licensed land surveyor to ensure slopes met project 
specifications.  Any modifications to the engineered cap design specifications are 
recorded in the redlined project specifications. Redlined project specifications, as-built 
drawings and land surveys are provided in Appendix B. 
  
During all facets of the BGRR Engineered Cap Project there was strict adherence to 
industrial safety and radiological safety requirements. All work was performed under the 
authorization of written and approved procedures. JSAs were prepared and approved as a 
part of each work package. General oversight was provided by ERP Managers. 

6.1 Industrial Hygiene Oversight & Monitoring 
 
Industrial hygiene oversight and monitoring was conducted by the ERP Safety and Health 
Manager in accordance with ERP procedures. A JSA was prepared for each work 
package, identifying hazards associated with each of the tasks and specifying required 
controls for each hazard. The ERP Safety and Health Manager ensured that monitoring 
occurred as specified in the JSA. Industrial hygiene monitoring included noise 
monitoring and silica/dust monitoring. 

6.2 Radiological Oversight & Monitoring 
 
Radiological oversight and monitoring were conducted by BNL Radiological Control 
Technicians (RCTs) during the BGRR Engineered Cap Project.  Radiological work 
permits (RWPs) were not utilized because the early characterization and radiological 
walkover surveys identified low levels of contamination well below the acceptance 
criteria at the surface and to a depth of two feet. 
 
General Employee Radiological Training (GERT), which provides basic knowledge of 
radiological control, was provided to project personnel as an awareness training. 
 
Radiological surveys and sampling were conducted during the BGRR Engineered Cap 
Project to validate the previous characterization and obtain current data. Surveys and 
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sampling were performed in accordance with WP-324-19, Final Status Survey (FSS) 
Procedure for the BGRR Engineered Cap, Rev. 1.  
 
The equipment used during BGRR Engineered Cap Project was monitored for 
radiological contamination. All equipment that was released from the work zone was 
surveyed in accordance with FS-SOP-1005, Radiological Surveys Required For Release 
of Materials from Areas Controlled For Radiological Purposes (BNL, November 2007). 
 
As discussed in Section 3.2, results of the as-left survey of surface soils following the 
completion of the subgrade preparation for the BGRR Engineered Cap work areas were 
below the established screening levels and all samples were below the established release 
criterion. The as-left survey was verified as acceptable by ORISE. 
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7.0 OPERATION AND MAINTENANCE ACTIVITIES 
The BNL Land Use Controls Management Plan will be revised to include the BGRR 
Engineered Cap and Monitoring System, and BNL site utility drawings will be updated. 
 
The Long-Term Surveillance and Maintenance Manual for the Brookhaven Graphite 
Research Reactor will be prepared to include monitoring and maintenance activities for 
the BGRR Engineered Cap and Monitoring System. These activities will include 
maintenance and repair of the cap asphalt and coatings, groundwater monitoring and 
institutional controls (land use controls, notifications and restrictions such as no parking 
or vehicular traffic within 10 feet of the geomembrane anchor points, work planning 
controls such as digging permits, and government ownership). 
 
Long-term groundwater monitoring of the BGRR Sr-90 plume is being performed in 
accordance with the BGRR ROD and the Record of Decision for Operable Unit III 
(BNL, April 2000).  The frequency for monitoring the groundwater monitoring wells 
installed as part of the BGRR Engineered Cap Project will vary depending on the 
particular phase of the cleanup efforts and the location of the particular groundwater 
monitoring well.  Currently, the groundwater monitoring wells for this plume are sampled 
on either an annual or semi-annual frequency.  The associated data are reported in the 
Quarterly Operations Reports (three times per year), and evaluated in detail and reported 
in the Annual Groundwater Status Report. 
 
Brookhaven Science Associates (BSA) will perform surveillance and maintenance 
activities. In addition to groundwater monitoring and maintaining institutional controls, 
BSA will ensure that that routine maintenance/inspections are performed. DOE will 
ensure enforcement of all institutional controls. 
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8.0 SUMMARY OF PROJECT COSTS 
 
The BGRR Engineered Cap Project was performed with ARRA funding. The project cost 
$1,965,331 to complete. The original cost estimate was $1,724,873.  Additional costs 
were incurred due to weather delays and encountering abandoned underground utilities 
and structures that were not anticipated. 
  
The cleanup costs for the BGRR Engineered Cap Project included the following: 

 
 

Engineering and planning $333,599 
 
Cap installation and related field work $1,572,909 
 
Waste Transportation and Disposal $58,823 
 
Total Cost  $1,965,331 
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9.0 OBSERVATIONS AND LESSONS LEARNED 
 
The following is a summary of the lessons learned from this project and the corrective 
actions for future projects:  
 
 While contouring and compacting soil with an excavator on the south side of 

Building 701, an active sanitary pipe was inadvertently struck and damaged.  The 
sanitary pipe was approximately six inches below existing grade.  When BNL 
F&O utility mark-outs were verified, it was determined that the sanitary pipe ran 
directly south from a manhole located adjacent to the Building 701 wall.  The 
edge of the manhole had been painted to show where the pipe exited; however the 
sanitary line itself was not marked out after the overlying asphalt was removed, 
which was previously painted to show the location of the pipe.  BNL SBMS 
requires utility mark-outs to be maintained but does not provide examples.  For 
excavation projects, the use of highly visible mark-outs, such as flags, ribbons and 
spray paint markings on building walls should be considered. 
 

 Significant time delays and cost overruns were incurred as a result of unknown 
conditions below grade prior to the commencement of construction activities.  
Several abandoned utilities and structures were encountered at various locations 
during construction activities that were not known to exist previously.  A 
comprehensive geophysical survey of the entire work area could have revealed 
the buried structures and utilities and enabled project personnel to be better 
prepared.  

 
 Delays were caused as a result of both extremely cold and extremely wet 

conditions.  Although ideal weather conditions can never be truly anticipated, a 
geomembrane project requiring the driest conditions possible to be most efficient 
should likely not be scheduled as a late winter/spring project.  The ideal time for 
open excavations and placement of HDPE liner would be in the early summer 
through autumn. 
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10.0 PROTECTIVENESS 
 
The installation of the BGRR Engineered Cap and Monitoring System is protective of 
human health and the environment.  The cap will prevent water intrusion into the 
remaining radiologically-contaminated soils and sub-surface components and re-direct 
surface water away from Building 701. 
 

10.1 Facility Review Disposition Project Issues 
 
The Facility Review Disposition Project (FRDP) was initiated in 1998 to resolve the 
issues identified during the preceding BNL Facility Review Project.  The completion of 
the BGRR Engineered Cap Project satisfies the closure requirements associated with the 
FRDP issues summarized in Table 10-1. 
 

Table 10-1 BGRR Engineered Cap Project FRDP Issues Summary 

BNL I.D. # SCDHS I.D. # Building BNL Issue Description Resolution 

404 N/A 701 Exit Air Cooler Drain Sumps – 
These were used to collect 
cooler leakage. 

The sumps were covered by the 
engineered cap. 
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11.0 FIVE YEAR REVIEW 
 
Five-year reviews will be conducted to determine whether the remedy implemented 
continues to be protective of human health and the environment. These reviews will be 
performed in accordance with the Comprehensive Five-Year Review Guidance, OSWER 
No. 9355.7-03B-P (EPA, June 2001). The BGRR complex will be included in the next 
sitewide Five-Year Review in 2016. 
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BGRR Engineered Cap Project
Asphalt and Overburden Soil 

Offsite Radiochemical Analytical Results (Composite)
COC# 31214

Sample Depth

Sample Date

Americium-241 34 -0.0365 U 0.0492 U 0.0145 U 0.00079 U

Beryllium-7 NA 0.282 J -0.0445 U -0.0009 U -0.0818 U

Cesium-134 NA 0.0513 UI 0.0232 DL 0.0293 U 0.02 U

Cesium-137 23 0.0606 J-UI 0.08 J 0.15 J 0.0137 U

Cobalt-57 NA -0.0016 DL -0.0004 U -0.001 U 0.00049 U

Cobalt-60 1,260 0.013 U 0.00748 U 0.00166 U 0.00723 U

Europium-152 51 -0.0697 U 3.91E-06 U 0.0247 U 0.0229 U

Europium-154 NA -0.0265 U -0.0432 U -0.0141 U 0.0195 U

Europium-155 NA 0.00359 U 0.0009 U 0.0124 U 0.0229 U

Manganese-54 NA -0.0133 U -0.0053 U -0.0077 U -0.0043 U

Sodium-22 NA -0.0083 U -0.0147 U -0.0045 U 0.00619 U

Zinc-65 NA 0.00665 U 0.00601 U -0.0083 U -0.0245 U

Plutonium-241 NA 1.07 U -4.74 U -4.04 U -2.7 U

Plutonium 239/240 35 0.00051 U -0.015 U 0.0166 U -0.0056 U

Uranium-235/236 4.6 -0.019 U 0 U 0.263 J 0.14 U

Uranium-238 4.7 0.625 J 0.132 U 0.532 J 0.227 U

Strontium-90 15 -0.321 U 0.145 U 0.00661 U 0.161 U

Carbon-14 NA -1.22 U -0.613 U -0.944 U -0.812 U

Nickel-63 NA -1.29 U -2.05 U -2.31 U -0.461 U

Tritium NA -58.9 U -48.6 U -4.42 U 5.3 U

Notes:

DL - Below the detection limit 

NA - Not Applicable

NR - Not Reported

J - Indicates an estimated concentration

U - Indicates that the compound was analyzed for, but was not detected

All units are pCi/g
Gamma Spec results only reported for those parameters that were recorded during the analysis

Rad Gas Flow Proportional Counting

Rad Liquid Scintillation Analysis

Soil Comp 1-4

1'

12/22/2010

Rad Alpha Spec Analysis

Rad Gamma Spec Analysis

12/22/2010

Residential 
Cleanup Value

Asphalt Comp 1-4Sample ID Soil Comp 5-8Asphalt Comp 5-8

12/22/2010

NA NA 1'

12/22/2010



BGRR Engineered Cap
Asphalt and Overburden Soil

Offsite Metals Data (Composite)
COC# 31214

Sample Depth

Sample Date

Copper 270 15.1 *N 13 *N 15.9 *N 6.21 *N

Iron NA 6,390 * 6,310 * 6,700 * 4,250 *

Lead 400 7.16 *N 10.4 *N 12.2 *N 13.2 *N

Mercury 1.84 0.00386 U 0.00402 B 0.00688 B 0.0145 B

Nickel 140 3.12 * 3.53 * 3.93 * 2.74 *

Zinc 2,200 17.2 * 20 * 13.7 * 10.4 *

Notes:

DL - Below the detection limit 

NA - Not Applicable

NR - Not Reported

J - Indicates an estimated concentration

U - Indicates that the compound was analyzed for, but was not detected

* - Indicates that a Quality Control paramter was not within specifications

N - Metals - The Matrix Spike sample recovery is not within specified control limits

All units are mg/kg

NA NA 1'

12/22/2010

Soil Comp 1-4

1'

12/22/2010

TAL Metals

12/22/2010

Residential 
Cleanup Value

Asphalt Comp 1-4Sample ID Soil Comp 5-8Asphalt Comp 5-8

12/22/2010



BGRR Engineered Cap Project
Asphalt and Overburden Soil 

Offsite Soil Radiochemical Analytical Results (Composites)
COC# 31217

Sample Depth

Sample Date

Actinium-228 NA 0.67 J 0.623 J 0.648 J 0.496 J 0.413 J 0.491 J 0.684 J 0.745 J - -

Americium-241 34 0.0147 U 0.0159 U -0.0043 U 0.0364 U -0.029 U 0.0032 U 0.0214 U 0.00388 U -0.0069 U 0.0335 U

Americium-241 34 0.0138 U 0.0158 U 0.028 U 0.0514 U 0.0149 U 0.0351 U 0.0103 U -0.0228 U 0.0107 U 0.00318 U

Beryllium-7 NA -0.0335 U -0.0129 U -0.0099 U 0.0148 U 0.0226 U 0.0195 U 0.144 U -0.0271 U 0.15 U 0.0337 U

Bismuth-214 NA 0.324 0.387 0.308 0.261 0.288 0.346 0.481 0.435 0.299 0.371

Cesium-134 NA 0.0179 U 0.0374 J-UI 0.0379 U 0.0236 DL 0.00437 DL 0.0364 U 0.0759 UI 0.048 UI 0.021 DL 0.0551 UI

Cesium-137 23 0.0332 U 0.24 J -0.0032 U 0.00501 U 0.0352 U -0.0122 U 0.0081 U 0.202 J 0.00334 U 0.00992 U

Cobalt-57 NA -0.0035 U -0.0003 U 0.0134 U 0.00836 DL 0.00419 U 0.00057 DL 0.00404 DL -0.0047 DL -0.0025 U 0.00578 U

Cobalt-60 1,260 -0.0033 U 0.00218 U 0.0272 U -0.0018 U -0.0003 U 0.00415 U 0.00392 U -0.0065 U 0.00828 U 0.00249 U

Europium-152 51 -0.0108 U -0.0155 U -0.0171 U -0.0004 U 0.0132 U -0.041 U -0.0414 U -0.0073 U -0.0018 U -0.0106 U

Europium-154 NA 0.00724 U -0.0083 U -0.0091 U -0.0056 U -0.025 U -0.0531 U 0.00941 U -0.01 U 0.0392 U -0.0094 U

Europium-155 NA 0.00496 U 0.016 U 0.0215 U 0.0539 U 0.00796 U 0.0359 U 0.0109 U 0.049 U 0.0328 U 0.00675 U

Lead-212 NA 0.601 0.64 0.596 0.535 0.24 0.574 0.734 0.7 0.479 0.577

Lead-214 NA 0.478 0.399 0.429 0.33 0.303 0.42 0.563 0.611 0.459 0.384

Manganese-54 NA -0.0017 U -0.0034 U 0.00938 U 0.00028 U 0.00469 U -0.0008 U -0.0019 U -0.0025 U 0.0178 U 0.00249 U

Potassium-40 NA 8.29 4.72 7.55 4.05 4.55 3.74 8.84 5.71 6.67 4.02

Sodium-22 NA 0.00236 U -0.0007 U -0.004 U -0.0023 U -0.0086 U -0.0212 U 0.00283 U -0.0035 U 0.0134 U -0.0037 U

Thallium-208 NA 0.15 0.172 0.173 0.136 0.116 0.18 0.214 0.197 0.179 0.176

Zinc-65 NA 0.00786 U -0.0131 U 0.0416 U 0.0175 U 0.0324 U 0.00859 U 0.0182 U -0.0248 U 13.4 * -0.0384 U

Plutonium-241 NA -0.82 U 0.311 U -2.97 U -0.0993 U 1.23 U -2.3 U -1.51 U 0.48 U -1.85 U -1.95 U

Plutonium 239/240 35 0 U 0.0185 U -0.0049 U 0.00602 U 0.00561 U -0.0164 U 0.012 U 0.00991 U 0.00551 U -0.0055 U

Uranium-235/236 4.6 0.0747 U 0.183 U 0.317 U 0.0947 U -0.0251 U 0.0809 U -0.0246 U 0.0924 U 0.199 U 0.161 U

Uranium-238 4.7 0.439 U 0.261 U 0.565 J 0.0582 U 0.129 U 0.324 U 0.0831 U 0.523 J 0.242 U 0.574 J

Strontium-90 15 0.776 U 0.301 U 0.201 U 0.569 U 0.51 U -0.223 U 0.948 U 0.482 U 0.196 U 0.604 U

Carbon-14 NA -0.463 U -0.384 U -1.04 U -0.211 U -0.567 U 0.314 U -0.106 U -0.29 U -0.215 U -0.434 U

Nickel-63 NA -0.598 DL -2.05 DL -2.73 DL -1.89 DL -1.54 DL -0.606 DL -2.91 DL 0.163 DL -1.96 DL -2.16 DL

Tritium NA 47.5 U 101 U -10.1 U 52.3 U -40.3 U 33.1 U -11.3 U 31.1 U 119 U 67.5 U

Notes:

DL - Below the detection limit 

NA - Not Applicable

NR - Not Reported

J - Indicates an estimated concentration

U - Indicates that the compound was analyzed for, but was not detected

All units are pCi/g
Gamma Spec results only reported for those parameters that were recorded during the analysis

BGRR ENGR CAP SU2 5B-7B

2'

2/24/2011

Residential 
Cleanup Value

BGRR ENGR CAP SU1 13A-16ASample ID BGRR ENGR CAP SU1 13B-16B

2/23/2011

NA 2' NA

2/23/2011

BGRR ENGR CAP SU1 17A-20A

Rad Alpha Spec Analysis

Rad Gamma Spec Analysis

2/23/2011 2/23/2011

BGRR ENGR CAP SU2 1A-4A

NA

2/24/2011

Rad Gas Flow Proportional Counting

Rad Liquid Scintillation Analysis

BGRR ENGR CAP SU1 17B-20B

2'

2/23/2011

BGRR ENGR CAP SU1 9A-12A

NA

2/23/2011

BGRR ENGR CAP SU1 9B-12B

2'

BGRR ENGR CAP SU2 1B-4B

2'

2/24/2011

BGRR ENGR CAP SU2 5A-7A

NA

2/24/2011



BGRR Engineered Cap
Asphalt and Overburden Soil

Offsite Metals Data (Composites)
COC# 31217

Sample Depth

Sample Date

Copper 270 15.6 * 18.8 * 8.76 * 2.53 * 6.81 *

Iron NA 4,910 *N 5,230 *N 3,640 *N 2,360 *N 1,540 *N

Lead 400 44.1 *N 5.23 *N 37.3 *N 1.16 *N 7.69 *N

Mercury 1.84 0.00395 U 0.00874 B 0.00463 B 0.00393 U 0.00395 U

Nickel 140 4.7 * 2.85 * 1.76 * 1.29 * 1.27 *

Zinc 2,200 7.24 * 19 * 19.8 * 4.58 * 4.74 *

Sample Depth

Sample Date

Copper 270 2.65 * 4.37 * 5.11 * 7.53 * 2.25 *

Iron NA 2,510 *N 4,370 *N 4,510 *N 3,450 *N 2,920 *N

Lead 400 10.9 *N 6.06 *N 14.8 *N 7.45 *N 3.64 *N

Mercury 1.84 0.00415 U 0.00404 U 0.0325 B 0.0037 U 0.00405 B

Nickel 140 1.71 * 2.6 * 2.71 * 2.61 * 1.54 *
Zinc 2,200 7.05 * 14.7 * 12.5 * 13.4 * 6.03 *

Notes:
DL - Below the detection limit 
NA - Not Applicable
NR - Not Reported
J - Indicates an estimated concentration
U - Indicates that the compound was analyzed for, but was not detected
* - Indicates that a Quality Control paramter was not within specifications
N - Metals - The Matrix Spike sample recovery is not within specified control limits
All units are mg/kg

Residential 
Cleanup Value

BGRR ENGR CAP SU1 13A-16ASample ID BGRR ENGR CAP SU1 13B-16B

NA

2/23/2011

BGRR ENGR CAP SU1 17A-20A

2/23/2011

2' NA 2' NA

2/23/2011 2/24/2011 2/24/2011 2/24/2011

BGRR ENGR CAP SU2 5B-7B

2'

2/24/2011

TAL Metals

Sample ID
Residential 

Cleanup Value

BGRR ENGR CAP SU1 9B-12B BGRR ENGR CAP SU2 1A-4A BGRR ENGR CAP SU2 1B-4B BGRR ENGR CAP SU2 5A-7A

BGRR ENGR CAP SU1 9A-12A

NA

2/23/2011

TAL Metals

BGRR ENGR CAP SU1 17B-20B

2'

2/23/20112/23/2011

NA 2'



BGRR Engineered Cap Proejct
Pre-Excavation Soil 

Offsite Soil Radiochemical Analytical Results (Composite)
COC #31308

Sample Depth

Sample Date

Actinium-228 NA 1.04 1.23 0.902 0.797 J

Americium-241 34 -0.0123 U -0.0106 U -0.0073 U -0.0128 U

Americium-241 34 0.0317 U 0.00473 U 0.0203 U 0.0704 U

Beryllium-7 NA 0.068 U 0.00194 U 0.0765 U 0.0368 U

Bismuth-214 NA 0.635 0.71 0.541 0.447

Cesium-134 NA 0.0521 UI 0.0724 UI 0.0415 UI 0.0385 J-UI

Cesium-137 23 0.0765 J 0.389 J 0.44 J 0.0363 J

Cobalt-57 NA 0.00191 U 0.00409 U -0.0033 U -0.0025 U

Cobalt-60 1,260 0.00544 U 0.00874 U 0.00121 U -0.0107 U

Europium-152 51 -0.0024 U -0.0182 U -0.0054 U 0.0112 U

Europium-154 NA -0.0147 U 0.0151 U -0.0057 U -0.0099 U

Europium-155 NA 0.0662 U 0.095 J-UI 0.0228 U 0.0293 U

Lead-210 NA - 0.892 J - -

Lead-212 NA 1.14 1.22 1.07 0.907

Lead-214 NA 0.874 0.853 0.749 0.651

Manganese-54 NA 0.00036 U 0.0107 U -0.0055 U 0.011 U

Potassium-40 NA 8.12 8.21 6.4 6.17

Sodium-22 NA -0.0053 U 0.00532 U -0.0038 U -0.0036 U

Thallium-208 NA 0.311 0.355 0.268 0.238

Zinc-65 NA -0.0067 U -0.0374 U 0.00331 U -0.0025

Plutonium-241 NA -1.74 U -0.361 U -0.281 U -1.08 U

Plutonium 239/240 35 0.0215 U 0.0469 U 0.0544 U 0.00925 U

Uranium-235/236 4.6 -0.0455 U 0.178 U 0.0776 U 0 U

Uranium-238 4.7 0.365 U 0.504 J 0.744 J 0.438 U

Strontium-90 15 -0.152 U 0.466 U -0.284 U 0.607 U

Carbon-14 NA 0.289 U -0.552 U -0.729 U -0.755 U

Nickel-63 NA -1.01 U -0.319 U 0.369 U -0.802 U

Tritium NA -14.8 U -23.6 U -4.41 U 19.7 U

Notes:

DL - Below the detection limit 

NA - Not Applicable

NR - Not Reported

J - Indicates an estimated concentration

U - Indicates that the compound was analyzed for, but was not detected

All units are pCi/g
Gamma Spec results only reported for those parameters that were recorded during the analysis

Rad Liquid Scintillation Analysis

ENG CAP SU2 8-11

2'

3/4/2011

2'

3/4/2011

ENG CAP SU2 20-23

Rad Alpha Spec Analysis

Rad Gamma Spec Analysis

Residential 
Cleanup Value

ENG CAP SU2 12-15Sample ID

Rad Gas Flow Proportional Counting

ENG CAP SU2 16-18

3/4/2011

2' 2'

3/4/2011



BGRR Engineered Cap Project
Pre-Excavation Soil

Offsite Metals Data (Composites)
COC# 31308

Sample Depth

Sample Date

Copper 270 5.4 4.49 11.5 5.79

Iron NA 8,570 * 9,430 * 8,630 * 6,120 *

Lead 400 8.85 13.9 18.4 6.79

Mercury 1.84 0.0228 B 0.276 0.0391 B 0.0168 B

Nickel 140 5.12 5.1 5.62 4.44

Zinc 2,200 25.3 37.8 28.7 11.8

Notes:
DL - Below the detection limit 
NA - Not Applicable
NR - Not Reported
J - Indicates an estimated concentration
U - Indicates that the compound was analyzed for, but was not detected
* - Indicates that a Quality Control paramter was not within specifications
N - Metals - The Matrix Spike sample recovery is not within specified control limits
All units are mg/kg

Sample ID

TAL Metals

ENG CAP SU2 8-11

2'

3/4/20113/4/2011

2' 2' 2'

3/4/2011

ENG CAP SU2 16-18

3/4/2011

Residential 
Cleanup Value

ENG CAP SU2 12-15 ENG CAP SU2 20-23



BGRR Engineered Cap Project
QA/QC 

Offsite Soil Radiochemical Analytical Results (Composites)

Sample Depth

Sample Date

Actinium-228 NA - -

Americium-241 34 -0.006 U -0.0902 U

Americium-241 34 - -

Beryllium-7 NA 0.110 U -0.0327 DL

Bismuth-214 NA - -

Cesium-134 NA 0.0178 U 0.0447 UI

Cesium-137 23 0.527 J 0.0192 U

Cobalt-57 NA 0.00616 U 0.00342 U

Cobalt-60 1,260 0.0105 U -0.00715 U

Europium-152 51 -0.0201 U -0.034 U

Europium-154 NA -0.0604 U -0.000521 U

Europium-155 NA 0.0341 U 0.0355 U

Lead-212 NA - -

Lead-214 NA - -

Manganese-54 NA -0.00693 U 0.00375 U

Potassium-40 NA - -

Sodium-22 NA -0.0173 U 0.000279 U

Thallium-208 NA - -

Zinc-65 NA 0.00572 U -0.00885 U

Plutonium-241 NA - -

Plutonium 239/240 35 - -

Uranium-235/236 4.6 - -

Uranium-238 4.7 - -

Strontium-90 15 0.491 U 0.181 U

Carbon-14 NA - -

Nickel-63 NA - -

Tritium NA 26.3 U -16.2 U

Notes:

DL - Below the detection limit 

NA - Not Applicable

NR - Not Reported

J - Indicates an estimated concentration

U - Indicates that the compound was analyzed for, but was not detected

All units are pCi/g
Gamma Spec results only reported for those parameters that were recorded during the analysi

Rad Gamma Spec Analysis

Rad Alpha Spec Analysis

Rad Gas Flow Proportional Counting

Rad Liquid Scintillation Analysis

5/5/2011 3/26/2011

2.5' 2.5'

BGRR ENGR CAP SU-1 #015 BGRR ENGR CAP SU-2 #001Sample ID
Residential 

Cleanup Value



























































































































BGRR Engineered Cap Closeout Report 
 

 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 

Redlined Project Specifications, As-Built Drawings and 
Land Surveys 
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APPENDIX C 
 

EnviroTrac Project Completion Report 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 









































































































































BGRR Engineered Cap Closeout Report 
 

 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 
 

Concrete Strength, Soil Compaction and Asphalt Test 
Reports 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





















































U  N  I  V  E  R  S  A  L 

Testing & Inspection Services, Inc.      ▪      Drilling & Boring Contractors      ▪      Testing Labs 

 

Corporate Headquarters                                  LLW#:   Page 1 of 1 

73 Otis St., W. Babylon, NY  11704 DOB#:   Date: 6/3/2011 
T: 631.491.5252   F: 631.491.5959 FID#:   Time in / out:  

Nationally Accredited – AASHTO E329 UTIS Report #: 11-3354 fs 
www.universaltest.com   

  ASPHALT PAVEMENT CORES REPORT 

 

The Field Representative of Universal Testing is on the site solely to observe/identify operations of the contractor(s), observe conformance with contract documentation/specifications and report those daily 

findings to the client.  The presence and activities therein does NOT relieve the contractor(s) obligation to meet contractual, specification and code requirements. The contractor retains sole responsibility for site 

safety, methods/means, sequences of construction and frequency of inspections, testing, engineering and general observation therein.  This report relates only to the items and/or exact test and/or inspected located 

and is confidential property of Universal and its client(s). Information contained in this report may not be published or reproduced without written permission from the Universal group; failure to do so may result 

in legal obligations on your part.  Questions or comments please call us at: 1.888.686.4522                                                                                                                           REV C. 05/08 

                                                                                                                                                 

Client: All County Paving   UTIS Inspector: G. Hungerford   

 615 Furrows Road , Holtsville, NY   General Contractor:  -  

 Project: BGRR at Building 701   G.C. Representative: -  

Job Location: Upton , New York   Sub-Contractor: -  

    
    
 Asphalt Pavement Thickness  

Core No  
Air Dry 
Weight   

Water 
weight  

SSD  
Rice 

Number 
Compaction  

1 3416.4 2060.2 3421.8 2.628 95.5 

 

     Visitors: - Representing:  

    

 
Forms Attached:   Yes         No     Specify form(s)   

     

 

Follow-up from prior report:       Yes         No Date of prior report:  
    
Non-conformance corrected:  

 

What, in particular, should be observed, checked, or tested during the next visit?        

 

    
 

    UTIS  Field Representative: G Hungerford   Date: 6/3/11  

    Reviewed By: F. Scaldaferri   Date: 6/3/11  



U  N  I  V  E  R  S  A  L 
Testing & Inspection Services, Inc.      ▪      Drilling & Boring Contractors      ▪      Testing Labs 

 

Corporate Headquarters                           LLW#: Page 1 of 1 
73 Otis St., W. Babylon, NY  11704 DOB#:   Date: 6/8/2011 
T: 631.491.5252   F: 631.491.5959 FID#:   Time in / out:  
Nationally Accredited – AASHTO E329 UTIS Report #: 11-3485 fs 
www.universaltest.com   

  ASPHALT PAVEMENT CORES REPORT 
 

The Field Representative of Universal Testing is on the site solely to observe/identify operations of the contractor(s), observe conformance with contract documentation/specifications and report those daily 
findings to the client.  The presence and activities therein does NOT relieve the contractor(s) obligation to meet contractual, specification and code requirements. The contractor retains sole responsibility for site 
safety, methods/means, sequences of construction and frequency of inspections, testing, engineering and general observation therein.  This report relates only to the items and/or exact test and/or inspected located 
and is confidential property of Universal and its client(s). Information contained in this report may not be published or reproduced without written permission from the Universal group; failure to do so may result 

in legal obligations on your part.  Questions or comments please call us at: 1.888.686.4522                                                                                                                           REV C. 05/08 

                                                                                                                                                 

Client: All County Paving   UTIS Inspector: G. Hungerford   

 615 Furrows Road , Holtsville, NY   General Contractor:  -  

 Project: BGRR at Building 701   G.C. Representative: -  

Job Location: Upton , New York   Sub-Contractor: -  

 Asphalt Pavement Thickness  

Core No  
Air Dry 
Weight   

Water 
weight  

SSD  
Rice 

Number 
Compaction  

1 3323.1 1996.1 3327.4 2.628 95.0 

                               2                                     3092.9        1880.0         3095.0        2.628                                 96.9 

                               3                                     4500.0        2770.0         4523.1       2.628                                  97.7 
 

     Visitors: - Representing:  

    

Forms Attached:   Yes         No     Specify form(s)        

Follow-up from prior report:       Yes         No Date of prior report:  

Non-conformance corrected:  

 

What, in particular, should be observed, checked, or tested during the next visit?        

 
   
 

    UTIS  Field Representative: G Hungerford   Date: 6/8/11  

    Reviewed By: F. Scaldaferri   Date: 6/8/11  
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APPENDIX E 
 

As-Left Radiological Survey and Soil Sample Results 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



BGRR Engineered Cap Project
As-Left Soil Sample Results 

Offsite Soil Radiochemical Analytical Results (Composites)
COC# 31311

Sample Depth

Sample Date

Americium-241 34 0.0205 U 0.0638 U 0.0362 U 0.022 U

Beryllium-7 NA 0.0395 DL -0.134 U 0.0249 U 0.0588 U

Cesium-134 NA 0.0233 DL 0.020 U 0.0815 UI 0.0409 UI

Cesium-137 23 1.32 J 0.189 J 0.443 J 0.286 J

Cobalt-57 NA -0.000216 DL 0.00681 DL -0.00161 U 0.00542 U

Cobalt-60 1,260 -0.0215 U -0.0046 U 0.00879 U 0.00881 U

Europium-152 51 -0.0211 U -0.0601 U -0.0402 U -0.00603 U

Europium-154 NA -0.0369 U 0.0279 U 0.0138 U -0.0308 U

Europium-155 NA 0.0284 U 0.013 U 0.120 J-UI 0.0442 U

Manganese-54 NA 0.00806 U 0.0318 J-UI 0.00166 U 0.00462 U

Radium-226 5 0.243 0.312 0.629 0.460

Sodium-22 NA -0.012 U 0.0101 U 0.00444 U -0.0114 U

Zinc-65 NA 0.0175 U -0.0125 U -0.0169 U 0.00057 U

Plutonium 238 NA 0.0368 U -0.0295 U -0.0451 U 0.0159 U

Plutonium 239/240 35 0.286 U -0.0884 U 0.0488 U 0.0295 U

Uranium-235/236 4.6 -0.0211 U 0.0733 U 0.0698 U 0.0776 U

Uranium-238 4.7 0.497 J 0.327 U 0.707 J 0.143 U

Strontium-90 15 2.03 0.233 U 0.231 U 0.348 U

Carbon-14 NA -0.884 U 0.114 U -0.0622 U -0.486 U

Nickel-63 NA -1.35 U -0.48 U -0.146 U -2.01 U

Tritium NA -4.56 U 32.1 U 32.5 U -21.8 U

Notes:

DL - Below the detection limit 

NA - Not Applicable

NR - Not Reported

J - Indicates an estimated concentration

U - Indicates that the compound was analyzed for, but was not detected

All units are pCi/g
Gamma Spec results only reported for those parameters that were recorded during the analysis

Rad Gas Flow Proportional Counting

Rad Liquid Scintillation Analysis

BGGR ENG CAP SU-2 (16-30)

2.5

5/7/2011

2.5

5/7/2011

BGGR ENG CAP SU-2 (1-15)

Rad Alpha Spec Analysis

Rad Gamma Spec Analysis

5/7/2011

Residential 
Cleanup Value

BGGR ENG CAP SU-1 COMP (1-10)Sample ID BGGR ENG CAP SU-1 (11-20)

5/7/2011

2.5 2.5



BGRR Engineered Cap Project
As-Left Soil Sample Results

Offsite Metals Data
COC# 31311

Sample Depth

Sample Date

Copper 270 5.32 5.34 5.39 7.96

Lead 400 9.98 14.9 11.3 11.4

Mercury 1.84 0.110 0.0109 J 0.0678 0.0225

Nickel 140 1.24 1.98 3.82 2.24

Zinc 2,200 14.6 11.6 13.6 11.6

Notes:
DL - Below the detection limit 
NA - Not Applicable
NR - Not Reported
J - Indicates an estimated concentration
U - Indicates that the compound was analyzed for, but was not detected
* - Indicates that a Quality Control paramter was not within specifications
N - Metals - The Matrix Spike sample recovery is not within specified control limits
All units are mg/kg

TAL Metals

BGGR ENG CAP SU-2 (15-20)

2.5

5/7/20115/7/2011

2.5 2.5

Sample ID BGGR ENG CAP SU-1 (11-20)

2.5

5/7/2011

BGGR ENG CAP SU-2 (1-15)

5/7/2011

Residential 
Cleanup Value

BGGR ENG CAP SU-1 COMP (1-10)
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July 15, 2011 

Ms. Terri Kneitel  
U.S. Department of Energy 
Brookhaven Site Office 
53 Bell Avenue, Bldg. 464 
Upton, NY 11973 

 
 DOE CONTRACT NO. DE-AC05-06OR23100 

SUBJECT: TYPE A VERIFICATION REPORT FOR THE BROOKHAVEN 
GRAPHITE RESEARCH REACTOR ENGINEERED CAP, 
BROOKHAVEN NATIONAL LABORATORY  

 UPTON, NEW YORK  
DCN: 5098-SR-07-0 

 
Dear Ms. Kneitel,  

U.S. Department of Energy (DOE) Order 458.1 requires independent verification (IV) of DOE 
cleanup projects (DOE 2011). The Oak Ridge Institute for Science and Education (ORISE) has 
been designated as the responsible organization for IV of the Brookhaven Graphite Research 
Reactor (BGRR) Engineered Cap at Brookhaven National Laboratory (BNL) in Upton, New York. 
The IV evaluation may consist of an on-site survey (Type A Verification) or a document and data 
review (Type B Verification). DOE and ORISE determined that a Type A verification for the 
BGRR Engineered Cap was appropriate based on the initial survey unit classification, the walkover 
surveys, and the final analytical results provided by the Brookhaven Science Associates (BSA). 

The BGRR Engineered Cap surveys began in December 2010 and were completed in May 2011. 
Survey activities by BSA included gamma walkover scans and sampling of asphalt, concrete, and 
underlying and excavated soils in accordance with the BSA Work Procedure (BNL 2011a). BSA 
obtained core samples at depths up to two feet from each survey unit prior to performing soil 
excavation. BSA then used the core sample results to bound the potential areas of contamination 
and the engineered cap. Additionally, the core samples were used to quantify the radionuclides of 
concern (ROC) and to provide an estimate of the potential volume of waste generated during 
remediation.  

BSA stockpiled the excavated soils during remediation to be used as backfill once remediation was 
completed. Excavated soils were surveyed and sampled to minimize waste disposal volumes. Upon 
completion of remediation, and if the results of the stockpiled soils met the site cleanup goals, the 
remediated areas were backfilled using the excavated soils (BNL 2011a).  

Gamma walkover scans conducted prior to the final status survey (FSS) identified two isolated soil 
locations with elevated radioactivity following the removal of concrete from the south side of 
Building 701 (BNL 2011b). Samples collected from these locations resulted in the removal of 
additional soil from each location. BSA’s post-remediation walkover surveys were expanded to 
include a 10-foot radius around the excavated locations. Two post-remediation soil samples were 
collected and analyzed with onsite gamma spectroscopy equipment. These samples were also 
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included with the FSS samples that were analyzed at an offsite facility for the primary ROCs
(i.e., cesium-137, strontium-90, and radium-226) (BNL 201 lb, c, and d). Analysis included full
spectrum gamma spectroscopy and Sr-90 analysis for all samples. Alpha spectroscopy was
performed for sample batches and liquid scintillation performed for tritium, carbon-14, and
nickel-63 concentrations for FSS samples (BNL 201 le).

BSA submitted the FSS data and analytical results to demonstrate that remediation efforts complied
with the specified cleanup goal of less than or equal to 15 millirem per year (mrcm/yr) above
background to a resident in 50 years (BNL 201 la). ORISE has reviewed the project documentation
and FSS data for the BGRR Engineered Cap. The highestconcentrations of the primary ROCs
reported were 1.32 picocuries per gram (pCi/g) for Cs-137 and 2.03 pCi/g for Sr-90, with bodi
ROCs having the qualifier for the sample result as less than the minimum detectable activity (MDA).
For Ra-226, the highest detected concentration was 0.671 pCi/g. Other potential secondary
contaminants were below their respective MDAs. Therefore, ORISE is of the opinion that BSA has
provided sufficient evidence to demonstrate compliance with the 15 mrem/yr cleanup objectives.

Please contact me via my information provided below, or Evan Marpenau at (865) 241-8793, should
you have any questions or require additional information.

Sincerely,

Phyllis C. Weaver
Health Physicist Project Manager
Survey Projects

PCW:bf/jc

Enclosure

cc: S. Roberts, ORISE/IEAV
T. Vitkus, ORISE/IEAV
E. Harpcnau, ORISE/IEAV
E. Bailey, ORISE/IEAV
File/5098

Distribution approval and concurrence: Initials

Technical Review jXlk

Voice: 865.576.5321 Fax: 865.241.3497 E-mail: PhylIis.Weaver@orau.org

P.O. Box 117 I Oak Ridge, TN 37831 I www.orise.orau.gov
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Monitoring Well Construction Logs 
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