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CLOSURE REPORT FOR BUILDING 419 TREATMENT FACILITY  

Executive Summary 
 
The purpose of this closure report and certification is to meet the requirements of Section 
66265.115 of Title 22 California Code of Regulations (CCR) for final closure of the Building 419 
Treatment Facility (B419). B419 is located at the Livermore site of Lawrence Livermore National 
Laboratory (LLNL). 

LLNL is owned by the U.S. Department of Energy (DOE) and operated jointly by DOE and 
Lawrence Livermore National Security, LLC (LLNS). LLNL received its permit to operate 
hazardous waste facilities from DTSC in 1999.  As a condition of the permit to operate, LLNL 
was required to submit a closure plan for B419.  Abri Environmental Engineering, Inc. was 
retained by LLNL to observe the B419 closure process and prepare this closure report and 
certification. 

B419 was constructed in the late 1940s by the U.S. Navy for operations related to airplane 
maintenance.  LLNL used the facility as an assay laboratory, and between 1975 and 1989, for 
equipment decontamination and hazardous and mixed waste size reduction and solidification 
activities.  Prior to closure, the configuration of the B419 Treatment Facility consisted of a 
structure and yard areas.  The 7860-square-foot structure consisted of three areas, which 
included hazardous waste management facilities, utility rooms, and an office area.  Hazardous 
waste management areas consisted of rooms 124, 155 and 167.  The yards were open areas on 
the north and west side of the building structure, and were used as staging and Waste 
Accumulation Areas. Two 500-gallon underground, 90-day retention tanks and associated 
piping were located in the west yard.   

To date the following activities have been completed: 

• All of the B419 structures, including the tank vault in the west yard, have been 
demolished, 

• Sampling and analysis have taken place, 
• The waste that was generated as a result of the closure activities has been disposed, or is 

stored at Decontamination and Waste Treatment Facility (DWTF), a permitted 
hazardous waste facility, and  

• The site has been graded and paved.  
As a result of the sampling and analysis process, contamination was found at B419. The results 
for the concrete and structural samples have been used for characterization of the wastes for 
disposal purposes. Wastes generated as a result of the building demolition and soil excavation 
have been disposed as low-level Radioactive and mixed waste as appropriate.   Soil 
contamination was found and has been removed in accordance with the closure plan 
requirements and as directed by the DTSC.  Results of soil analytical tests have been used to 
characterize the site, conduct fate and transport modeling and conduct a risk assessment. 
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The entire LLNL Livermore site is a CERCLA site; however, soil contamination above the clean 
closure standards that was found during the 2011 sampling campaign was removed, except for 
polychlorinated biphenyl found at the tank vault location in the west yard.   Clean closure 
standards consisted of the Regional Screening Levels (RSLs) for residential areas, published by 
the U.S. Environmental Protection Agency (EPA), Region 9, subject to the limitations stated in 
DTSC Human Health Risk Assessment (HHRA) Note 3, regional backgrounds developed by 
San Francisco Regional Water Quality Control Board, California Human Health Screening levels 
(CHHSL), DOE orders, and LLNL site background. 

Fate and transport modeling conducted by LLNL shows that the remaining contamination will 
not impact groundwater for hundreds of years (see Appendix L).  Risk assessment conducted 
by LLNL for the remaining PCB contamination did not warrant further action; see Section 6.5 
for more information.    LLNL is seeking DTSC concurrence that based on modeling and risk 
assessment that remaining levels of containments are acceptable to leave in place.  
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CLOSURE REPORT AND CERTIFICATION FOR BUILDING 419 TREATMENT 
FACILITY  

1.0 Introduction  

1.1  Purpose  
The purpose of this closure report and certification is to document the closure activities 
conducted at the Building 419 Treatment and Storage Facility (B419) at the Livermore site of 
Lawrence Livermore National Laboratory (LLNL), and to meet the requirements of Title 22 
CCR, Section 66265.115.  

Abri Environmental Engineering, Inc. was retained by LLNL to observe the B419 closure 
process and prepare this closure report and certification. As required by the regulations and as 
stated in Department of Toxic Substances Control (DTSC) guidance documents, this report 
contains the following:  

• Supervisory personnel description (Section 1.3) 

• Modification and amendments to closure plan (Section 1.4) 

• Summary of closure activities (Section 4 and 6) 

• Sampling results (Section 5 and 6.3) 

• Data analysis (Section 5 and 6.4) 

• Shipping documents showing disposition of waste inventory (Appendix T) 

• Photographs  

1.2 Background 
LLNL is owned by the U.S. Department of Energy (DOE) and operated jointly by DOE and 
Lawrence Livermore National Security, LLC (LLNS). The U.S. Environmental Protection 
Agency (EPA) identification number for LLNL Livermore site is CA 2890012584.  

LLNL received a permit to operate its hazardous waste facilities at its Livermore site in 
November 1999 (LLNL, 1999).  B419 was not permitted under the permit to operate and 
remained an interim status facility. 

The Final Closure Plan for Building 419 was submitted in May 2000 to DTSC in compliance with 
the Special Condition as outlined in Part IV, Item Number 4, of the LLNL Hazardous Waste 
Facility permit (DTSC, 1999).   The Final Closure Plan for Building 419 was approved in October 
2009.  

1.3 Description of Supervisory Personnel  
Abri Environmental Engineering, Inc. was hired to monitor the closure activities. A field engineer 
was present at the site to observe the closure activities. Abri Engineering also provided the 
independent qualified registered professional engineer certification. Mr. William W. Moore, a 
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California-licensed civil engineer (P.E.), supervised the process and provided the certification for 
the report.  

The LLNL project management team included the following:  

• The Project Manager who, as the responsible individual, had overall responsibility for 
the project.  

• The Environmental Manager responsible for compliance with the approved Closure 
Plan and the point of contact for the DTSC. 

• LLNL’s ES&H Team Leader responsible for reviewing and approving health and safety 
plans, and integration of Environmental, Safety and Health (ES&H) resources. 

• The Project Industrial Safety Engineer responsible for defining the controls necessary, 
including personnel protective equipment (PPE), ergonomic safety, Occupational Safety 
and Health Administration (OSHA) compliance, electrical safety, traffic safety, and fall 
protection. 

• A LLNL Project Health Physicist responsible for health physics issues, including PPE, 
monitoring, etc.  

• A Fire Safety Engineer responsible for fire safety issues and implementation of necessary 
controls.  

• An Environmental Analyst responsible for waste characterization and regulatory issues. 

• A Waste Manager responsible for management of generated waste.  

• An ES&H Team Technician responsible for overall ES&H controls implementation at the 
site.  

LLNL employees implemented the approved final closure plan. Other organizations involved 
in the closure activities were as follows:  

• Weiss Associates:  

The Weiss Associates team was responsible for collecting samples, and ensuring the 
quality assurance/quality control (QA/QC) processes were followed.  

• Gregg Drilling: 

The Gregg drilling team was responsible for collecting soil and groundwater, as 
appropriate, for samples. 

• Australian Laboratory Services Environmental Services, Fort Collins, CO, (ALS—FC) 
Laboratory:  

ALS--FC was responsible for analyzing the samples and verification processes. ALS--FC 
possesses California state certification for the project-pertinent EPA methods.  

• BC Laboratory    

BC Laboratory analyzed the groundwater samples for hexavalent chromium.  BC 
Laboratory possesses California state certification for the pertinent EPA method. 
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• LLNL Radioactive and Hazardous Waste Management Program (RHWM) 

Hazardous, mixed, and low-level radioactive wastes and nonhazardous liquid wastes 
were processed through LLNL Radioactive and Hazardous Waste Management 
Program and handled on site at Waste Accumulation Areas (WAA), the DWTF and/or 
shipped off site as appropriate.  

1.4  Modifications and Amendments to the Approved Closure Plan  
As described below, unexpected field conditions, and other considerations dictated changing 
some parameters of the approved closure plan. LLNL adhered to prescribed processes to notify 
the DTSC of the changes. 

1.4.1 Closure Timeline Delay  
The approved final closure plan included a 21-month closure timeline.  Based on the 21-month 
closure timeline, the completion date for the closure activities was scheduled for July 2011.  
LLNL informed the DTSC of the delay due to funding issues in a letter dated April 27, 2011.  
The DTSC acknowledged the receipt of the information in a letter dated July 7, 2011 (See 
Appendix A). 

1.4.2 Concrete, Asphalt, Soil Sample Changes 
Field conditions necessitated changing the following sampling locations: 

•  Concrete, Asphalt and Soil (CAS) #10 and #11 were inadvertently moved 
approximately 10 ft. to the south. 

• CAS #14 was moved 3 ft. to the east at 5 ft. depth due to discovery of a second concrete 
pad at 4.5 ft. depth. 

• CAS #15 was moved 14 in. to the south for resampling due to elevated temperature of 
the sample as they arrived at the laboratory. 

• CAS #16 was moved 10 in. to the south for resampling due to elevated temperature of 
the samples as they arrived at the laboratory. 

• CAS #17 was moved 3 ft. to the north and 4 ft. to the west due to discovery of a second 
concrete pad at 4.5 ft. depth 

• CAS #18 was moved 1 ft. to the north due to proximity to utility lines. 

• CAS #21 was moved .5 ft. to the east due to existence of a floor drain. 

• CAS #23 and #33 soil surface samples were not collected due to inadequate soil volume; 
a second concrete pad was discovered below the concrete floor. 

• CAS #24 was taken in the middle of the vault sump due to inability to obtain enough 
soil at 2 ft. depth.  Since the vault floor sloped to the sump, this was a better location for 
a sample. 

• CAS #25 was moved 2 ft. to the east and 4 ft. to the south due to proximity to sanitary 
sewer line. 
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• CAS #28 was moved 3 ft. to the west due to proximity to sanitary sewer line.    

• CAS #29 was moved 1 ft. north due to proximity to utility lines.  

• CAS #30 was collected at 6.5 ft. instead of 16.5 ft. from the tank vault.  16.5 ft. was a typo.  

• CAS #32 was moved 3 ft. to the north due to inability to get enough soil at 2 ft. depth. 

• CAS #35 was moved 2.5 ft. to the south and 2 ft. to the west due to proximity to sanitary 
sewer line.    

• CAS #36 was moved 10 in. to the south for resampling due to elevated temperature of 
the sample as they arrived at the laboratory. 

• CAS #38 at 10 ft. depth triggered the requirements for analyzing TCLP and STLC; 
however, only TCLP analysis was performed due to inadequate volume of soil sample. 

1.4.3 Concrete Floor sample changes 
The approved closure plan indicated sampling and analysis of concrete floors based on 
prescribed locations.  As a cost saving measure and a way to meet the requirements of the 
disposal facility, LLNL suggested compositing samples, in a letter dated June 28, 2011 (see 
Appendix B).  The DTSC approved the approach in a letter dated July 7, 2011 (see Appendix 
A).   

1.4.4 DTSC Violations 
 
As a result of a Compliance Evaluation Inspection conducted by the DTSC on April 28, and May 
2, 2011, LLNL received two “Major” and one “Non-Minor” violation of hazardous waste 
regulations while conducting the closure activities.  The DTSC inspection reports states the 
violations as follows: 
 

1- On or about June 28, 2011, LLNL violated Title 22, California Code of Regulations, 
section 66265.51(b) because it failed to implement provisions of its contingency plan for 
an unplanned release of storm water into the storm drain at the Building 419 closure site 
area. 
 

2- On or about December 2010, and January 2011, LLNL violated California Health and 
Safety Code, section 25160(b)(3) since it did not include information on manifest records 
revealing that hazardous waste from Building 419 was transported by rail. 

 
3- On or about December 2010 through January 2011, LLNL violated California Health and 

Safety Code section 25163(a)(1) since it transferred custody of a hazardous waste to a 
transporter who does not hold valid registration issued by DTSC. 
 

LLNL provided formal responses to the three violations.  See Appendix C for a copy of DTSC 
violation reports and LLNL responses. 
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1.4.5 Notification of DTSC 
As stated in Section 1.2 of the approved closure plan (LLNL, 2004), LLNL followed the 
appropriate processes to amend the closure plan after closure activities began by notifying the 
DTSC and by amending the document.  Correspondence amending the approved closure plan 
has been included in this report as appropriate. 
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2.0  Facility Information  
EPA Identification Number:  CA2890012584  

Name:  Lawrence Livermore National Laboratory  

Location:  7000 East Avenue Livermore, Livermore, California  

Mailing Address:  Lawrence Livermore National Laboratory  
P.O. Box 808, Livermore, CA 94551  

Facility Operator 1:  Lawrence Livermore National Security, LLC 

Facility Operator 2:  U.S. Department of Energy  

Facility Owner:  U.S. Department of Energy  
Facility Contact Person  Thomas T. Kato  
and Title:  Environmental Functional Area Manager  

LLNL is owned by the DOE and is jointly operated by the Lawrence Livermore National 
Security, LLC. and DOE. The LLNL Livermore Site is an approximately 821-acre facility located 
in the city of Livermore in the County of Alameda, California, (see Figure 2-1).  
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Figure 2-1  LLNL Location Map 

As a government laboratory, LLNL conducts a wide variety of research. The hazardous wastes 
generated are managed on site at the Radioactive and Hazardous Waste Management Program 
(RHWM) facilities. B419 facilities had been part of the active RHWM complex until 1989.   

According to LLNL, the U.S. Navy had constructed B419 in the late 1940s for use as an aircraft 
maintenance and repair facility. LLNL began using the area as a hazardous, mixed, and 
radioactive waste management facility in 1975. From 1983 until 1989, the area had been 
operated as a waste management area under interim status issued by the DTSC.  
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3.0  Description of Building 419 Treatment and Storage Facilities 
Building 419 was located in the southeast corner of LLNL Livermore site.  Building 419 was 
constructed by the U.S. Navy for a variety of activities involving airplane maintenance and 
repair.  Later, LLNL operated an assay laboratory in the building before managing hazardous 
and mixed wastes.  The waste management activities began in 1975 and continued until 1989.  
The waste handling operations were discontinued because the structure did not meet the 
Uniform Building Code seismic guidelines in effect at that time.  Hazardous and mixed waste 
operation in the area included equipment decontamination, size reduction, solidification and 
less than 90 day storage activities (see Figure 3-1).  Areas involved in waste management 
activities included room 124 (1800 square feet), room 155 (900 square feet), and room 167 (600 
square feet).  The structure also contained associated utility rooms and office space above the 
utility rooms.  B419 facilities included the north and west yards for staging and storage of 
wastes handled in the building.  The west yard included two 500-gallon tanks in a below-
ground vault used to store waste for less than 90 days and a waste accumulation area (WAA).  
The two 500-gallon tanks collected liquid wastes via gravity fed underground pipes from rooms 
124 and 167.  The north yard was used as a staging area and a WAA was located in the south 
side of the building.   

According to LLNL, the following closure activities had occurred prior to the final closure.   

• The activities relative to the Size Reduction Unit in room 124 were closed in accordance 
with Closure Plan for the B-419 Size Reduction Unit and Solidification Unit, dated 1994.  All 
equipment, except for the walk-in fume hood, was removed. 

• The activities relative to the Solidification Unit in rooms 155 and 167 were closed in 
accordance with Closure Plan for the B-419 Size Reduction Unit and Solidification Unit, 
dated 1994.  All equipment, except for the walk-in fume hood, was removed in room 
167. 

• The two 500-gallon retention tanks in the west yard and the associated underground 
piping under room 167 and the west yard were removed in 1995. 

• The two WAAs in proximity of B419 were closed.  WAA B-419B was used as less than 90 
day storage area for the Plant Engineering Battery Shop operations and was not used to 
manage wastes related to B419 hazardous and mixed waste operations.   

See Final Closure Plan for Building 419, Volume 1, dated March 2009, for more detail about the 
previous closure activities.  The previous closure activities are not a part of this closure report 
and certification. 
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Figure 3-1  Building 419 Waste Treatment and Storage Facility 
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3.1 Condition of Building 419 Facilities Before the Closure Activities Began  
As mentioned above, hazardous and mixed waste management activities have not occurred at 
B419 since 1989.  The facilities included B419 structure and associated yards.  No wastes or 
waste management equipment remained in the building except for two walk-in hoods, one in 
room 124 and one in room 167.  The following is a brief description of each area included in the 
final closure activities. 

3.1.1  Room 124  
Room 124 covered an area 30 feet by 60 feet and was used for size reduction activities.  The 
room was located on the south end of B419.  The room was totally enclosed. The walls and floor 
were made of concrete, and the ceiling and roof were made of plaster, wood and shingles.  The 
concrete slab floor included drains that were filled with concrete.  A walk-in hood remained 
near the southwest side of the room (see Figure 3-2). 

 
Figure 3-2  Building 419 Room 124 
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3.1.2 Room 155 
Room 155 covered an area 30 feet by 30 feet and was used for solidification activities (see Figure 
3-3).  The room was totally enclosed. The walls and floor were made of concrete, and the ceiling 
and roof were made of plaster, wood and shingles.  The concrete slab floor was covered with 
tile.  No waste management equipment remained in this room.  

 
Figure 3-3  Building 419 Room 155 
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3.1.3 Room 167 
Room 167 covered an area 30 feet by 20 feet and was used for solidification activities (see Figure 
3-4).  The room was totally enclosed. The walls and floor were made of concrete, and the ceiling 
and roof were made of plaster, wood and shingles.  A walk-in hood and a pad, where a 
degreaser was installed, remained on the northeast and southwest corners of the room 
respectively.  Parts of the concrete floor were removed in previous closure activities to remove 
the floor drains and underground piping, and new floor sections had been installed. 

 
Figure 3-4  Building 419 Room 167 
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3.1.4 Building 419 Utility and Office Areas 
The two story middle section of the concrete and wooden building consisted of a lobby, utility 
rooms, wash rooms, storage rooms and offices (see Figure 3-5).  These areas were not used as 
hazardous and mixed waste management areas. 

 
Figure 3-5  Building 419 Office Area 
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3.1.5 North and West Yards 
The north and west yards were contiguous and surrounded by 8 ft. high cyclone fence.  The 
north yard was used as a staging area for the waste operations (see Figure 3-6).  The yard was 
covered by a concrete pad adjacent to the room 167 roll up door, and the rest of the yard was 
covered with asphalt.  An asphalt berm existed on the north end of the yard. 
 

 
Figure 3-6  North Yard 
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The west yard was used as a staging area, housed two 500-gallon waste tanks and a temporary 
waste storage area.  The tanks were used for less than 90 day waste storage, and were placed in 
an underground concrete vault measuring approximately 14 ft. X 10 ft.   The vault was covered 
by a stainless steel cover (see Figures 3-7 and 3-8).  The temporary waste storage area and the 
tanks had been removed during previous partial closures, and the concrete tank vault and its 
cover remained. 

 
Figure 3-7  Temporary Storage Tank Vault 
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Figure 3-8  Temporary Storage Tank Vault Cover 

3.1.6 Battery Shop 
The Battery Shop, Room 1500, was located at the south end of Building 419 and was used for 
managing batteries. The Battery Shop was not used for waste management activities and was 
demolished with Building 419. 
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4.0 Phase I Closure Activities 
 
Phase 1 closure activities consisted of implementing the DTSC approved closure plan dated 
March 2009.  Activities included the following: 
 

• Collecting and analyzing samples in accordance with the Sampling and Analysis Plan 
for the Building 419 facility, appendix A to the approved closure plan,  

• Demolishing Building 419 structure, 
• Collecting and analyzing background samples in accordance with the approved Plan, 
• Analyzing sampling results, and 
• Developing closure performance standards. 

4.1 Preparations Before Closure Activities Began 
Before the closure activities started, LLNL prepared a specific Health and Safety Plan in the 
form of an Integrated Work Sheet (IWS).  The IWS was reviewed and approved by industrial 
safety, health physics, fire protection and environmental disciplines in the LLNL ES&H Team.  
The IWS was sent to the DTSC for review on June 14, 2010 (see Appendix D).   LLNL provided 
additional information regarding Standard Operating Procedures and Hazard Assessment and 
Control Form in a letter dated August 10, 2010 (see Appendix D). 

Also, the following activities took place:  

LLNL staff located underground utilities and marked them. LLNL staff identified and 
disconnected the utilities that came into site and had been used at B419.  Three areas in the west 
yard area required excavation to locate underground utilities before drilling operations began. 
For safety reasons, the areas were excavated by removing asphalt sections and using pot-holing 
technique to expose the piping and utilities (see Figure 4-1). 
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Figure 4-1  Pot-holing Operations 

The project team set up staging areas, signage, and equipment checkouts.   The project team also 
obtained permits for abatement and demolition work from the Bay Area Air Quality 
Management District. See Appendix E for copies of the permits.  
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4.2 Sampling and Analysis  
Sampling and analysis of B419 structure occurred in several sampling campaigns.  The most 
recent DTSC approved sampling event for characterization of the waste generated during the 
structure demolition was conducted in 2007.  As a result, the facility structure, which excluded 
the concrete floor, was characterized as low-level radioactive or mixed waste as appropriate.  
The sampling results were included in the final closure plan approved in March 2009.  Sampling 
activities and results conducted prior to 2009 were included in the approved closure plan and 
are not covered in this report. 

Sample numbers were written on each location before the sampling teams arrived 
(See Figure 4-2).    

 
Figure 4-2  Sample Location Marking 

Sampling log books, Chain of Custody (COC) forms and sample labels were prepared in 
advance.  The sampling lead was in charge of the documents and issued them to personnel as 
needed.  Complete sets of the COCs and log books have not been included in this report due to 
a large number of samples resulting in large volume of documentation. However, they are 
available upon request. Example copies of the COC and log books have been included in 
Appendix F.  
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A sampling team consisting of Weiss and Associates, Gregg Drilling, and LLNL personnel 
began Concrete, Asphalt and Soil (CAS) sampling activities in the north and west yards                      
(see Figure 4-3). 

 
Figure 4-3  Sampling Team at the North Yard 

LLNL drilled 70 boreholes and collected samples from multiple depths in these boreholes.  
Figure 4-4 shows the CAS samples obtained and analyzed for the project.  The figure includes 
samples taken during phase II of the project including the building foot print and the tank 
vault. 
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Figure 4-4 Building 419 CAS Sample Locations 
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CAS sampling and analysis occurred as described in Appendix B, and the Sampling and 
Analysis Plan, of the approved closure plan (LLNL, 2009) except for the deviations explained in 
Section 1.4 of this report.  

LLNL also obtained two groundwater samples at B-419-40 and B-419-41 at 99.7 ft. and 90 ft., 
respectively.  Groundwater samples were collected using a bailer and decanted directly into 
sample containers. 

Sampling and analysis of the concrete floor and soil from areas under the building foot print 
occurred after the building demolition.  Concrete cores and asphalt samples were collected, 
where appropriate, and soil samples were collected at the surface and at 2, 5, 10, and 15-ft. 
depths and analyzed for gross alpha, gross beta, tritium, metals and organic compounds. The 
approved closure plan stated, “If the samples from 5 and 10 ft. do not show contamination, then 
the sample location will be considered clean, i.e., the sample collected from a depth of 15 ft. will 
not be tested.”  LLNL fully analyzed the samples obtained at surface, 2, 5 and 10 ft.  LLNL also 
analyzed samples at 15 ft. for VOCs so that the holding time for the analysis would not be 
exceeded.   

In addition to the prescribed locations indicated in the approved closure plan, LLNL obtained 4 
additional soil samples under the waste pipe locations at 5, 10 and 15 ft. depths as measured 
from the soil surface under the concrete floor.  The soil samples were obtained at junction 
points, locations of staining or points where damaged pipes were observed.  LLNL also 
obtained swipe samples from inside the waste pipes at every 20 ft. and every elbow.  The swipe 
sample results were used for waste characterization and meeting the disposal facility waste 
acceptance criteria. 

The concrete core samples were collected using a drill; soil samples were collected using the 
direct push method (see Figure 4-5).  
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Figure 4-5  Direct Push Sampling Rig 
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The direct push method to obtain soil samples is preferable because it minimizes waste 
generation of excess soil cuttings.  After samples were obtained, borings were backfilled using 
20 percent bentonite slurry.  

Bore hole logs were maintained during sampling (see Appendix G).  

EPA Method 5035 was used for collecting soil samples for volatile analysis.  Soil samples were 
collected by “pushing” an approximately 2-inch diameter sampling core barrel, lined with 
acetate sleeves, to the target sampling depth.  Once the sleeves were retrieved, EnCore samplers 
were used to collect soil sample for VOCs analysis.  The remaining soil was used to obtain 
samples for metals, organic compounds and radioactive materials, as appropriate.  Samples 
were then stored in an ice chest, and shipped to the laboratory (see Figure 4-6).  

 
Figure 4-6  Sample Handling On-Site 

Field and laboratory QC samples were prepared and analyzed in accordance with the approved 
final closure plan. 

In addition to samples taken in accordance with the sampling plan (LLNL, 2009), LLNL chose 
six sample locations and obtained samples, identified as B-419-101 through B-419-106.  The 
samples were taken before the building demolition, therefore, boreholes were drilled at an 
angle so the samples were obtained from underneath the structure (see Figure 4-4).   The quality 
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assurance and quality control (QA/QC) requirements outlined in the approved closure plan 
(LLNL, 2009) were followed for obtaining and processing the samples.   

Other surveys and samples of the facility were analyzed in accordance with DOE and LLNL 
internal policies. These samples generally focused on radioactive characterization of wastes.  
The details of these samples will not be covered in this report. 

Reusable drilling and sampling equipment was decontaminated after use at each sampling 
location.  Decontamination rinsate was collected, sampled, analyzed, and disposed as 
appropriate. 

4.3 Background Sampling: 
 
Based on DTSC approved sampling plan, LLNL also conducted background sampling and 
analysis using the Multi-Agency Radiation Survey & Site Investigation Manual (MARSSIM) 
approach.  See Appendix H for details.  In summary, LLNL collected 35 samples from 
randomly selected locations (see Figure 4-7).  
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Figure 4-7  Background Sample Locations 
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The random locations were selected among areas that were known not to be impacted by LLNL 
operations.  Using GPS, LLNL personnel located the samples based on the DTSC approved 
sampling plan (see Figure 4-8).   
 

 
Figure 4-8  Locating Background Samples 

One composite sample was collected from 6 inches to 2 feet below grade from each location.  
Samples were analyzed by Australian Laboratory Services Environmental Services (ALS), a 
California certified laboratory, for TTLC metals and radioactive materials, Table 1 contains a list 
of the constituents.     
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Table 1 List of Hazardous and Radioactive Constituents for Background Sample Analysis 
 

TTLC Metals List 
 

Radioactive Materials list 

Antimony Actinium 228 
Arsenic Bismuth 214 
Barium Gross alpha 
Beryllium Gross beta 
Cadmium Lead 212 
Chromium Lead 214 
Cobalt Potassium 40 
Copper Thallium 208 
Hexavalent Chromium Thorium 228 
Lead Thorium 230 
Mercury Thorium 232 
Molybdenum U234+U233 
Nickel U238 
Selenium  
Silver  
Thallium  
Vanadium  
Zinc  
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4.4  Building 419 Structure Demolition and Removal  
Building 419 structures, including rooms 124, 155, 167, the battery shop, office area, and the 
utility rooms, were demolished beginning December 1, 2010.   

Before demolition of the structure began, LLNL identified areas that contained asbestos 
material and removed them.  A permit for asbestos removal was obtained from the Bay Area 
Air Quality Management District (see Appendix E), before the removal operations took place. 

Also, before the building demolition began, LLNL removed areas on the walls and floors with 
known radioactive contamination and applied fixative on the interior surfaces, in order to 
minimize potential worker exposure See Appendix I for a copy of MSDS and Product Data 
Sheet. 

An excavator was used to demolish the building starting from the battery shop at the south end 
of the building.  The demolition progressed from room to room in order to segregate the waste 
in accordance with the requirements of the approved closure plan, (see Figure 4-9).  

 
Figure 4-9  Structure Demolition, Inside of Room 124 Shown  
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The project team processed the concrete by size reducing and removing rebar as appropriate, 
segregating wood debris and loading the demolition debris into appropriate containers, (See 
Figure 4-10).  

 
Figure 4-10  Demolition Debris Loaded Into Containers 
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The project team then moved the containerized waste to the waste accumulation area (WAA), 
set up at area 4100.  See Section 6.0 for more detail on the WAAs.  

During this process, water spray was used to minimize dust from the operations.  Dust 
monitors were set up at the perimeter fence and on the personnel to measure the effectiveness 
of the dust suppression method (see Figures 4-11 and 4-12).   

 
Figure 4-11 Water Spray Used During Demolition  
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Figure 4-12 Instruments Used to Monitor Dust Levels During Demolition 
 
The project Industrial Hygienist was responsible for checking the monitors to ensure their 
proper operations and ensure that the dust levels did not exceed action levels.  The action levels 
consisted of 2005 American Conference of Governmental Industrial Hygienist Threshold Limit 
Values Occupational Exposure Limits of 3mg/m3 respirable particles and 10 mg/m3 inhalable 
particles. 
 
The removal of the concrete floors was scheduled for phase II of the closure project since it 
provided a barrier for contaminant dispersion and migration in case of soil contamination, as 
well as a stable foundation for heavy equipment.  However, as a part of the phase 1 activities, 
concrete and soil samples were collected and the remaining underground waste piping under 
room 124 was removed. 
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The underground waste pipes under room 124, the west yard and room 167 led to the two 
underground tanks previously located in the vault in the west yard.  The underground piping 
in the yard and under room 167 was removed in a previous partial closure activity that 
occurred in the mid-1990s.  Room 124 waste pipe removal activities consisted of saw cutting the 
concrete floor (see Figure 4-13), and exposing the pipes by removing the concrete pieces and 
soil (see Figure 4-14). 

 
Figure 4-13 Saw Cutting Operations to Expose Piping under Room 124 
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Figure 4-14 Excavation Operations to Expose Piping under Room 124 
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Care was taken to pile the soil near where it was removed for purposes of backfilling (see 
Figure 4-15).  This would allow for waste minimization opportunities in case soil samples 
revealed contamination.   

 
Figure 4-15 Soil Segregation and Excavation Operations to Expose Piping under Room 124 
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Generally, the underground pipes were in good condition and no obvious staining or odors 
were observed.  The piping had been left in place by plugging the floor drains using concrete 
and there were no obvious old breaks or leakage from the pipes.  The breaks that were observed 
in the pipes appeared to be as a result of the concrete and soil removal.  Where breaks were 
observed, the crew isolated the area and ensured that the pipe did not include any liquids     
(see Figure 4-16).   

 
Figure 4-16 Isolating a Break in the Pipe 
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LLNL staff cut the piping in sections (see Figure 4-17), and drained them as necessary (see 
Figure 4-18). 

 
Figure 4-17 Pipe Cutting Operations 
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Figure 4-18 Draining Underground Pipes 
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The crew wrapped each individual section of the pipe (see Figure 4-19), and staged them for 
further handling (see Figures 4-20).   

 
Figure 4-19 Workers Wrapping Sections of Pipe  
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Figure 4-20 Sections of Pipe Staged for Further Handling 
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The residues in the pipe sections were sampled in order to ensure that waste met the disposal 
facility waste acceptance criteria (see Figure 4-21). 

 
Figure 4-21 Sampling Residues inside the Pipe Segments 
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Soil samples were obtained after pipe removal, see section 4.2.  The trenches were then 
backfilled, awaiting the results of the samples (see Figure 4-22).   

 
Figure 4-22 Backfilled Trenches  
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The intact concrete areas were sprayed using a fixative, and areas where the concrete was cut 
were covered with plastic in order to protect against spread of contamination, if any (see Figure 
4-23).   See Appendix I for a copy of the MSDS and product data sheet for the fixative material. 

 
Figure 4-23 Covered Project Site after Underground Pipe Removal Operations 
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5.0 Sampling Results  
ALS Environmental, and BC Laboratories, which are certified by the State of California for the 
analyses performed, analyzed the samples. Due to a large number of samples generating large 
volumes of sample results, a complete copy of the laboratory documentation has not been 
provided in this report; however, the complete set of data is maintained by LLNL. This section 
summarizes the analytical results. 

5.1 Background Sampling Results 
 
The background levels for heavy metal constituents and radioactive materials, Tables 2 and 3 
respectively, were developed using background sampling results and approved methodology 
by the DTSC, see Appendix H.  Any detection of volatile organic compounds was considered 
above background.     

Table 2 Metal Constituents Background Levels 
 

Constituent Background Value 
(mg/kg) 

Constituent Background Value 
(mg/kg) 

Antimony  2.2 Lead  14.3 
Arsenic  7.59 Mercury  0.0759 
Barium  332 Molybdenum  1.1 
Beryllium  0.55 Nickel   70.1 
Cadmium  0.55 Selenium   0.55 
Chromium  48.9 Silver   1.1 
Cobalt  16.7 Thallium   1.1 
Copper  35.8 Vanadium  43.7 
Hexavalent Chromium  2.2 Zinc  69.8 
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Table 3 Radioactive Materials Background Levels 
 

Constituent Background Value 
(pCi/g) 

Constituent Background Value 
(pCi/g) 

Actinium 228 1.5 Lead 212 0.938 
Aluminum 26 0.133 Lead 214 0.844 
Am 241 GS 0.539 Manganese 54 0.159 
Americium 241 0.062 Niobium 94 0.137 
Antimony 124 0.145 Niobium 95 0.169 
Antimony 125 0.35 Plutonium 238 0.0355 

Beryllium 7 1.15 
Plutonium 
239+240 0.046 

Bismuth 212 2.52 Potassium 40 18.4 

Bismuth 214 0.912 
Protactinium 
234m 29.6 

Carbon 14 10.2 Ruthenium 106 1.25 
Cerium 139 0.0777 Scandium 46 0.134 
Cerium 144 0.626 Silver 110m 0.161 
Cesium 134 0.189 Sodium 22 0.188 
Cesium 137 0.16 Strontium 90 0.264 
Chromium 51 0.957 Technetium 99 0.647 
Cobalt 56 0.428 Thallium 208 0.371 
Cobalt 57 0.0547 Thorium 227 1.05 
Cobalt 58 0.181 Thorium 228 0.991 
Cobalt 60 0.154 Thorium 230 0.957 
Curium 242 0.0143 Thorium 232 0.983 
Curium 244 0.0269 Thorium 234 2.44 
Europium 152 0.88 Tritium 0.106 

Europium 154 0.852 
Uranium 234 and 
Uranium 233 0.76 

Europium 155 0.34 Uranium 235 0.645 

Gross alpha 3.38 
Uranium 235 and 
Uranium 236 0.0904 

Gross beta 4.47 Uranium 238 0.717 
Iodine 131 0.395 Zinc 65 0.261 
Iron 59 0.399   
 

5.2 Concrete, Asphalt and Soil (CAS) and Ground Water Sample Results  
LLNL drilled 70 boreholes and collected samples from multiple depths in these boreholes for 
soil and waste characterization purposes.  The characterization included samples from the 
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foundation concrete, surface asphalt, gravel base material beneath the surface layer, as well as 
soil at depth.   

Based on the sampling results, and in accordance with the approved closure plan, the 
demolition debris and soils were characterized either as low-level radioactive or mixed wastes.  
See Table 11 for details about the types of waste that were generated as a result of the closure 
activities.   

Appendix J contains data for soil sample locations where hazardous constituent levels and 
radioactive materials were found to be above background values.  Complete sets of analytical 
results are maintained by LLNL. 
 
The approved closure plan (LLNL, 2009) states, “The STLC will be run if the total constituent 
concentration is equal to or greater than 10 times the STLC hazardous waste threshold.  The 
TCLP will be run if the total constituent concentration is equal to or greater than 20 times the 
TCLP hazardous waste threshold.”  The results of the sample locations listed in Table 4 
triggered the conditional analysis. 

Table 4 Sampling Location Triggering Conditional Analysis 
 

Sample location Sample 
Depth (feet) 

 Sample location Sample 
Depth (feet) 

B-419-004 2, 5, 15  B-419-037 1 
B-419-011 15  B-419-038 2, 5, 10  
B-419-014A 2  B-419-039 1 
B-419-014  4.5  B-419-042A 1 
B-419-015B 10  B-419-042B 1 
B-419-021 4  B-419-046 1, 5,10 
B-419-027 1  B-419-050 1 
B-419-028 1  B-419-R124-001 3 
B-419-029 1  B-419-R124-003 3 
B-419-030 1  B-419-R124-004 3 

 
Appendix K contains data for concrete and asphalt samples, including the composite area 
information. 
 
LLNL also performed analysis on two groundwater samples obtained at B-419-40 and B-419-41 
at 99.7 ft. and 90 ft. respectively.   Table 5 contains the analytical results for the groundwater 
samples. 
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Table 5  Groundwater Sample Results 
 

Sample 
Location 

Analyte Result Units  Sample 
Location 

Analyte Resul
t 

Units 

B-419-040 Arsenic 0.045 mg/L  B-419-041 Arsenic 0.023 mg/L 
B-419-040 Barium 2.5 mg/L  B-419-041 Barium 2.7 mg/L 
B-419-040 Beryllium 0.0069 mg/L  B-419-041 Chromium 0.18 mg/L 
B-419-040 Chromium 0.3 mg/L  B-419-041 Cobalt 0.058 mg/L 
B-419-040 Cobalt 0.094 mg/L  B-419-041 Copper 0.12 mg/L 
B-419-040 Copper 0.22 mg/L  B-419-041 Gasoline 

fingerprint 
0.36 mg/L 

B-419-040 Gasoline 
fingerprint 

0.35 mg/L  B-419-041 Hexavalent 
Chromium 

0.0089 mg/L 

B-419-040 Hexavalent 
Chromium 

0.0089 mg/L  B-419-041 Lead 0.038 mg/L 

B-419-040 Lead 0.066 mg/L  B-419-041 Nickel 0.26 mg/L 
B-419-040 Mercury 0.00034 pCi/L  B-419-041 Gross alpha 46 pCi/L 
B-419-040 Nickel 0.49 pCi/L  B-419-041 Gross beta 83 pCi/L 
B-419-040 Gross alpha 128 pCi/L  B-419-041 Tritium 59800 pCi/L 
B-419-040 Gross beta 219 ug/L  B-419-041 Tetrachloroethene 53 ug/L 
B-419-040 Tritium 59700 ug/L  B-419-041 Trichloroethene 1700 ug/L 
B-419-040 1,1-Dichloroethene 65 mg/L      
B-419-040 1,2-Dichloroethane 110 mg/L      
B-419-040 Trichloroethene 1200 mg/L      
 
In addition, LLNL performed radioactive materials speciation at four CAS locations. B-419-38, 
B-419-24, B-419-21 and R124-001, primarily to meet the disposal facility waste acceptance 
criteria. 

5.3 Clean Closure Performance Standards: 
Since clean closure based on the background levels was not reasonably achievable, LLNL 
decided to pursue clean closure performance standards based on already established health 
based screening levels.  As a result, LLNL, in negotiations with the DTSC staff, developed a 
new set of performance standards; see Appendix L for presentation, correspondence, and DTSC 
approval letter, dated September 24, 2010.   

In summary, the Regional Screening Levels (RSLs, formerly referred to as preliminary reme 
dial goals -PRGs) defined by U.S. EPA Region 9 (EPA, 2012), were used primarily to define the 
soil screening levels.  The RSLs consider the following pathways for residential exposure: 

• Ingestion from drinking groundwater 
• Inhalation of volatiles from groundwater 
• Ingestion from drinking surface water 
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• Inhalation of volatiles from surface water 
• Ingestion of soil 
• Inhalation of particulates 
• Inhalation of volatiles from soil 
• Dermal adsorption from soil 

 
The closure standards for radionuclides were defined using the U.S. EPA Soil Screening 
Guidance for Radionuclides (U.S. EPA, 2000).  Other clean closure standards were defined 
using DTSC guidance.  

• The clean closure standard for lead was defined using the DTSC Human Health Risk 
Assessment Note 3 (DTSC, 2012).  

• The clean closure standards for cobalt and thallium were defined using the California 
Human Health Screening Levels (OEHHA, 2010). 

• The clean closure standard for tritium in soil moisture was defined using the DOE Order 
458.1 (DOE, 2011). 

• The clean closure standards for polycyclic aromatic hydrocarbons (PAHs) were defined 
using the DTSC guidance for 'Use of the Northern and Southern California Polynuclear 
Aromatic Hydrocarbon (PAH) Studies' based on the benzo(a)pyrene equivalency 
(DTSC, July 2009). 

• The clean closure standard for arsenic was defined using the regional background value 
based on the study conducted by the San Francisco Regional Water Quality Control and 
San Francisco State University (Duverge, 2011). 

• The clean closure standards for total chromium, hexavalent chromium, gross alpha, 
gross beta, and potassium 40 were defined using the site background values. 

Tables 6, 7, and 8 outline the clean closure standards, also called Screening Levels in the 
appendices versus the background levels for metals, organic compounds, and radioactive 
materials for constituents that were detected in B419 project soil samples.  For a complete list of 
values mentioned in references above see Appendix M. 
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Table 6  Building 419 Final Closure Metals Clean Closure Performance Standards 
 

Compound  LLNL  
Background 

Level (mg/kg) 

Building 419 
Closure Clean 

Closure 
Performance 

Standards 
(mg/kg) 

 
Antimony 2.2 31 
Arsenic 7.59 11 
Barium 332 15000 
Beryllium 0.55 160 
Cadmium 0.55 70 
Chromium 48.9 48.9 
Cobalt 16.7 660 
Copper 35.8 3100 
Hexavalent 
Chromium 2.2 2.2 

Lead 14.3 400 
Mercury 0.0759 10 
Molybdenu
m 1.1 390 
Nickel 70.1 1500 
Selenium 0.55 390 
Silver 1.1 390 
Thallium 1.1 5 
Vanadium 43.7 78 
Zinc 69.8 23000 
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Table 7  Building 419 Final Closure Organic Compounds Clean Closure Performance 
Standards 

 
Compound Description Building 419 

Clean Closure 
Performance Standards  

(mg/kg) 
1,1-Dichloroethene 240 
1,2-Dichloroethane 0.43 
Acetone 61000 
Benzene 1.1 
Carbon tetrachloride 0.61 
Methylene chloride 11 
Tetrachloroethene 0.55 
Toluene 5000 
Trichloroethene 0.91 
Benzo(a)anthracene 0.4  
Benzo(b)fluoranthene 0.4 
Bis(2-ethylhexyl)phthalate 35 
Chrysene 15 
Diesel Fuel¹ N/A  
Fluoranthene 2300 
Gasoline fingerprint¹ N/A  
m- and p-Xylene Isomers 630 
Naphthalene 3.6 
PCB 1248 0.22 
PCB 1254 0.22 
Phenanthrene 0.4  
Pyrene 1700 

 
1 Analysis of some soil samples from the yards showed diesel fuel and gasoline 

fingerprint. However, according to LLNL no action was required since the compounds 
were not found within the Building 419 footprint per DTSC. 
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Table 8  Building 419 Final Closure Radioactive Materials Clean Closure Performance 
Standards 

 
Compound 
Description 

LLNL  
Background 

Value 
(pCi/g) 

Building 419 
Clean Closure 
Performance 

Standards (pCi/g) 

Actinium 228 1.5 679 
Americium 241 0.062 1.8 
Bismuth 214 0.912 7950 
Cesium 137 0.16 4.02 
Cobalt 56 0.428 0.651 
Curium 242 0.0143 320 
Gross alpha 3.38 3.38 
Gross beta 4.47 4.47 
Lead 212 0.938 3550 
Lead 214 0.844 44800 
Plutonium 238 0.0355 2.95 
Plutonium 
239+240 0.046 2.58 
Potassium 40 18.4 18.4 
Strontium 90 0.264 0.344 
Thallium 208 0.371 23100 
Thorium 228 0.991 23.4 
Thorium 230 0.957 3.46 
Thorium 232 0.983 3.07 
Thorium 234 2.44 1270 
Tritium 0.106 110    
Uranium 234 and 
Uranium 233 0.76 3.86 
Uranium 235 and 
Uranium 236 0.0904 0.192 
Uranium 238 0.717 4.48 

5.4 Comparison of Closure Performance Standards to Site Data 
Comparison of the soil analytical results and the clean closure performance standards showed 
153 soil analysis results out of 692 exceeded their respective closure standards.  32 out of 70 
locations contained soil with residual contamination levels above the clean closure standards.  
Table 9 lists the contaminants, locations, maximum detected concentrations and the relevant 
clean closure performance standards.  This data was used to determine areas for excavation 
activities. 
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Table 9  Soil Contaminant Levels Exceeding Clean Closure Performance Standards 
 

Constituent Sample Locations 
Detected 

Maximum 
Detected 

Concentration 

Clean Closure 
Performance 

Standard 
Arsenic  15A, 34 37 (mg/kg) 11 (mg/kg) 
Chromium  4, 11, 12, 14A,  300 (mg/kg) 48.9 (mg/kg) 
Hexavalent 
Chromium 

14, 38, 49, 3, 48, 41, 15A, 
18, 28, 29, 30, 34, 35, 38, 
39, 40, R124-3 

12 (mg/kg) 2.2 (mg/kg) 

Mercury 37, 38, 50 66 (mg/kg) 10 (mg/kg) 
Vanadium 15A 1080 (mg/kg) 390 (mg/kg) 
Diesel Fuel1 -- 610 (mg/kg)(1) - 
Gasoline fingerprint1 -- 1.2 (mg/kg) (1) - 
PCB1248 4, 50 0.35 (mg/kg) 0.22 (mg/kg) 
PCB 1254 24, 28, 38, 42A, 42B 6.9 (mg/kg) 0.22 (mg/kg) 
Americium 241 38 150 (pCi/g) 1.8 (pCi/g) 
Cobalt 56 38 1.12 (pCi/g) 0.651 (pCi/g) 
Gross alpha 3, 4, 5, 24, 46, 47, 48, 49, 50 262 (pCi/g) 3.38 (pCi/g) 
Gross beta 4, 21, 38, 46 28.1 (pCi/g) 4.47 (pCi/g) 
Plutonium 239+240 38 32.2 (pCi/g) 2.58 (pCi/g) 
Strontium 90 38 1.15 (pCi/g) 0.344 (pCi/g) 
Tritium  2, 4, 5, 6, 7, 38, 41, 46, 48, 

49, 50, 51, 101 
1920 (pCi/g) 110 (pCi/g) 

Uranium 234 and 
Uranium 233 

R124-001 18.4 (pCi/g) 3.86 (pCi/g) 

Uranium 235 and 
Uranium 236 

R124-001 1.39 (pCi/g) 0.192 (pCi/g) 

Uranium 238 R124-001 46 (pCi/g) 4.48 (pCi/g) 
 

1 Analysis of some soil samples from the yards showed diesel fuel and gasoline 
fingerprint. However, according to LLNL no action was required since the compounds 
were not found within the Building 419 footprint per DTSC. 

 
Figure 5-1 and Figure 5-2 show the sample locations and sample depths for hazardous 
constituents and radioactive materials respectively for constituents that were detected above the 
clean closure performance standards.   The italicized and highlighted labels indicate locations 
that have been excavated, see section 6.2 for more detail.  Appendix J also includes sample 
locations and constituents that exceeded their respective clean closure performance standards. 
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Figure 5-1 Locations of Hazardous Constituents Above Clean Closure Performance    Standards in Soil at Building 419 
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Figure 5-2 Locations of Radioactive Materials above Clean Closure Performance Standards in Soil at Building 419 
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6.0 Closure Activities Phase II 
Phase II closure activities began September 4, 2012 and included the following: 

• Removing concrete pad, pits and tank vault, 

• Removing soil containing hazardous constituents above the clean closure performance 
standards, 

• Conducting confirmation sampling and analysis,  

• Performing statistical analysis of confirmation sampling and analysis results,  

• Performing a human health risk assessment,  

• Shipping mixed and low-level radioactive wastes to disposal facilities, and 

• Paving the project site. 
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6.1 Concrete Pad, Pits and Vault Removal: 
Once the concrete pad and the soil beneath the pad were characterized, saw cuts were made to 
delineate the low-level and mixed waste.  The concrete floor was then removed (see Figure 6-1).  
The concrete floor from the building footprint was managed as low-level waste. 

 
Figure 6-1  Removing Concrete Floor  
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Once the concrete floor was removed, concrete pits used by the US Navy were exposed.  The 
pits were used for airplane maintenance purposes and were generally located under the utility 
rooms and 155.  The pits were removed and managed as low-level radioactive waste (see Figure 
6-2). 

 

Figure 6-2  Concrete Pits Exposed after Removing the Concrete Floor 
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The concrete vault housing the two 500-gallon tanks in the West yard was demolished and 
removed.  Before demolition of the concrete vault, LLNL removed approximately three feet of 
soil from all around the vault at a depth just below the concrete floor, approximately 12 feet (see 
Figure 6-3). 

Figure 6-3  Tank Vault Removal Preparations 

The concrete walls and floor were then demolished inside the excavated area (see Figure 6-4).  
The waste concrete rubble was managed as mixed waste. 

Figure 6-4  Tank Vault Demolition 
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Water spray was used for dust suppression during the concrete demolition, processing and 
loading operations. 

6.2 Soil Removal and Confirmation Sampling: 
LLNL compared the soil sampling results to the newly developed clean closure performance 
standards, and removed the soils that contained constituents above the standards as indicated 
on Figures 5-1 and 5-2.  The comparison revealed that contamination above the closure 
performance standards existed in specific areas, or at relatively shallow areas.  The 
contamination that was limited to 1 ft. beneath the foundation was removed along with the 
building foundation.  The removal of this soil was necessary to adequately remove the building 
foundation and the base materials.  Based on an agreement with the DTSC for chromium, LLNL 
removed soil based on levels of hexavalent chromium contamination above the closure 
performance standards and not total chromium.  Four areas required soil removal and 
confirmation sampling as follows (see Figure 6-8):   

Area 1 consisted of an area measuring 13 ft. X 15 ft. and 10 ft. deep under room 167.  This was 
an area under the walk-in hood located at the northeast of the room.  Soil from the area was 
managed as mixed waste.   

Area 2 consisted of soil from an area measuring 18 ft. X 9 ft. and 10 ft. deep under room 124.  
The excavated soil was managed as low-level radioactive waste.   

Area 3 consisted of an area measuring 20 ft. X 18 ft. and 12 ft. deep at the tank vault.  Soil from 
an area measuring approximately 3 ft. from tank vault walls on all sides and 12 ft. deep was 
removed (see Figure 6-5).  The excavated soil was managed as mixed waste. 

 
Figure 6-5  Excavation of the Tank Vault  
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Area 4 consisted of an area measuring 4 ft. X 4 ft. and 3 ft. deep adjacent to room 124.  This was 
the point where waste conveying pipe to the tank vault was terminated in a previous partial 
closure activity. The excavated soil was managed as mixed waste. 

A stained area of soil was observed to the north side of the excavated Area 1 measuring 
approximately 2 ft. deep from the gravel layer under the concrete slab (see Figure 6-6).  A 
sample of the stained soil was taken before the excavated area was expanded and the stained 
soil removed. 

 
Figure 6-6  Sampling of the Stained Area Under Room 167 

 



 

Building 419 Closure Report 61  May 2013 

The excavated areas were lined with a geotextile material (see Appendix N), and backfilled 
with clean fill (see Figure 6-7).  See Appendix O for information regarding the backfill soil. 

Confirmation samples were collected from each excavation as described in Section 6.3 prior to 
being lined.  The purpose of the liner was to delineate boundaries of the excavation should 
additional work be required based on findings from the confirmation samples. 

 
Figure 6-7  Excavation Areas Lining and Backfilling 

6.3 Confirmation sampling: 
LLNL implemented a DTSC approved confirmation sampling and analysis plan and a statistical 
approach (see Appendix L) to evaluate the results, see Appendix P for more detail.   

After soil removal from each area, as described above, confirmation sampling and analysis were 
performed.  The confirmation samples were analyzed for constituents of concern that were 
above the clean closure performance standards before the excavation.  The analysis included 
TTLC metals, gross alpha and beta at the four excavation areas.  The analysis of the samples 
from the excavation area at the Tank Vault also included PCB 1248 and PCB 1254.  The analysis 
of the samples from the Room 167 excavation area included PCB 1248, PCB 1254 and hexavalent 
chromium. One sample from the bottom of the each of the excavation areas was analyzed for 
tritium.   

Soil samples were obtained from each excavation area as indicated on Figure 6-8.
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Figure 6-8  Confirmatory Sample Locations 
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6.4 Confirmation Sampling Analytical Results and Evaluation: 
Table 10 lists the sample location and constituents that exceeded the clean closure standards.  

Table 10  Confirmation sample Results exceeding Clean Closure Standards 
 

Sample Location Depth   
(Feet) Analyte Result 

B419  Clean 
Closure 

Standards 
Unit 

B-419-CONF-101 10 
Hexavalent 
Chromium 2.2¹ 2.2 mg/kg 

B-419-CONF-101 10 Tritium 231 110 pCi/g 
B-419-CONF-101 10 Tritium 412 110 pCi/g 

B-419-CONF-102 10 
Hexavalent 
Chromium 2.4¹ 2.2 mg/kg 

B-419-CONF-102 10 Chromium 56 48.9 mg/kg 

B-419-CONF-103 4.2 
Hexavalent 
Chromium 2.2¹ 2.2 mg/kg 

B-419-CONF-103 4.2 Chromium 66 48.9 mg/kg 

B-419-CONF-104 4.2 
Hexavalent 
Chromium 2.6¹ 2.2 mg/kg 

B-419-CONF-104 4.2 Chromium 54 48.9 mg/kg 

B-419-CONF-105 4.2 
Hexavalent 
Chromium 2.2¹ 2.2 mg/kg 

B-419-CONF-106 4.2 
Hexavalent 
Chromium 2.2¹ 2.2 mg/kg 

B-419-CONF-108 4.2 
Hexavalent 
Chromium 2.2¹ 2.2 mg/kg 

B-419-CONF-108 4.2 Chromium 60 48.9 mg/kg 
B-419-CONF-109 4.2 Chromium 51 48.9 mg/kg 
B-419-CONF-102 10 Gross alpha 3.7 3.38 pCi/g 
B-419-CONF-105 4.2 Gross alpha 3.7 3.38 pCi/g 
B-419-CONF-108 4.2 Gross alpha 5.2 3.38 pCi/g 
B-419-CONF-402 3 Gross alpha 5.2 3.38 pCi/g 
B-419-CONF-105 4.2 Gross beta 4.5 4.47 pCi/g 
B-419-CONF-108 4.2 Gross beta 5.8 4.47 pCi/g 
B-419-CONF-109 4.2 Gross beta 4.5 4.47 pCi/g 
B-419-CONF-402 3 Gross beta 7.7 4.47 pCi/g 

B-419-CONF-109 4.2 
Hexavalent 
Chromium 2.2 2.2 mg/kg 

B-419-CONF-109 4.2 PCB 1254 0.55 0.22 mg/kg 
B-419-CONF-203 1.9 Thallium 5.4¹ 5 mg/kg 
B-419-CONF-204 1.4 Thallium 5.2¹ 5 mg/kg 
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Sample Location Depth   
(Feet) Analyte Result 

B419  Clean 
Closure 

Standards 
Unit 

B-419-CONF-306 5.2 PCB 1254 0.39 0.22 mg/kg 
B-419-CONF-307 5.2 PCB 1248 1.8¹ 0.22 mg/kg 
B-419-CONF-307 5.2 PCB 1248 0.53¹ 0.22 mg/kg 
B-419-CONF-307 5.2 PCB 1254 1.7 0.22 mg/kg 
B-419-CONF-307 5.2 PCB 1254 4 0.22 mg/kg 
B-419-CONF-401 3 Thallium 5.1¹ 5 mg/kg 
B-419-CONF-404 3 Thallium 5.2¹ 5 mg/kg 
B-419-CONF-410 2.5 Thallium 5.4¹ 5 mg/kg 

1  The detection limit exceeds the closure standards. 

 For a complete set of confirmation sampling results see Appendix Q. 

LLNL evaluated the sampling results based on the DTSC approved methodology as follows; see 
Appendix P for more detail.   

1. If the average of the results is greater than the clean closure standards, the excavation 
area does not meet the performance standard. No statistical test is performed. 

2. If all of the individual results are below the clean closure standards, the excavation area 
meets the closure performance standard. No statistical test is performed. 

3. If one or more individual results are above the clean closure standards and the average 
is below the standards, then the Wilcoxon Rank Sum test or Sign test is performed. 

 
Based on LLNL’s evaluation, the four excavation areas met the closure performance standards, 
except for PCB 1254 at the Tank Vault excavation area. 

6.5 Risk Assessment 
In support of clean closure determination LLNL conducted a human health risk assessment to 
determine whether the remaining PCB contamination at the former Tank Vault location is a risk 
to human health (see Appendix R).  The risk assessment evaluated the carcinogenic risk and 
non-carcinogenic hazards associated with the PCB residuals, and was conducted in accordance 
with the DTSC approved methodology. 

The risk assessment concluded that the carcinogenic health risk is within the range of 1 in 10,000 
and 1 in 1,000,000, i.e., the estimated residential carcinogenic risk is 2 in 1,000,000 and the 
chronic hazard index is less than 1.  
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6.6 Grading and asphalt cover 
LLNL graded and installed asphalt cover in accordance with a DTSC approved plan (see 
Appendix S).  The grading and asphalt cover was designed by a Professional Engineer working 
for LLNL.  After the excavated areas were filled with “clean” fill, LLNL graded the site and 
installed approximately 8 inch thick aggregate base material (see Figure 6-9). 

 
Figure 6-9  Aggregate Base Covering the Project Site 
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After compacting the aggregate base layer, LLNL installed an asphalt layer (see Figure 6-10). 

Figure 6-10 Asphalt Covering Over the Project Site 

LLNL also replaced a well box that was damaged during the closure activities (see Figure 6-11). 

 
Figure 6-11 Well Box Replacement 
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7.0  Waste Accumulation Areas 
The entire B419 project site and Area 4100 were designated as Waste Accumulation Areas 
(WAAs) and were used to temporarily store waste.  Area 4100 WAA is shown in Figure 7-1. 

 
Figure 7-1  Area 4100 Waste Accumulation Area 

In the WAAs, liquid hazardous, mixed and low-level wastes were stored in drums on 
secondary containment pallets (see Figure 7-2).  Solid mixed wastes were stored in closed 
intermodal bins and bags that were covered using tarpaulin.  The WAAs were operated in 
accordance with Title 22CCR Section 66262.34 .  The WAAs were fenced, and signs and 
contingency plans were provided in accordance with the regulations.   

 
Figure 7-2  Liquid Waste Storage at a WAA 
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8.0  Types of Waste Generated and Disposition  
Table 11 lists the quantities of waste, the containers used to transport the waste, and the waste 
disposal facilities for each type of waste generated from the closure activities.  

See Appendix T for hazardous, mixed and low-level waste shipping documents.  Shipping 
documents are available for solid non-hazardous waste in hard copy, and are available upon 
request. All wastes were placed in appropriate Department of Transportation (DOT) approved 
containers.   

The project had originally estimated that 50 cubic yards of soil would be removed.  The 
subsequent soil sampling and analysis showed that approximately 500 cubic yards of soil 
needed to be removed and disposed.  As a result, the DTSC supplemented its California 
Environmental Quality Act (CEQA) documentation originally prepared in 2009 by a Notice of 
Exemption (NOE) (see Appendix U).  The NOE completed the CEQA documentation and 
outlined the requirements for removal of additional soil. 



 

Building 419 Closure Report 69  May 2013 

Table 11  Wastes Generated as a Result of the Closure Activities  
 

Type of 
waste Quantity Container type Size of 

Container 
# of  

Containers 

Treatment/ 
Disposal/ 

Destination 
Facility 

Universal   333 lb Drum 30 gal 1 AERC.com, 
Inc. Box 1 cu yard 1 

Liquid CA-
Combined 

401 gal Drum 5 gal 1 Treated at 
DWTF 

Not Applicable Not 
Applicable 

Not 
Applicable 

Treated at 
DWTF 

Liquid 
Low-level 
Radioactive 

1448 gal Not Applicable Not 
Applicable 

Not 
Applicable 

Treated at 
DWTF 

Liquid 
Mixed 

391 gal Not Applicable Not 
Applicable 

Not 
Applicable 

Treated at 
DWTF 

Solid 
Hazardous 

939 lb Drum 
 

55 gal 2 Clean Harbors 
of San Jose, 
LLC, and PSC 
Environmental 
Services 

5 gal 2 

Solid Low-
level 
Radioactive 

1,753,000 lb Intermodal Bin 25 cu yard 15 Energy 
Solutions Drum 30 gal 3 

55 gal 23 
Intermodal Bin 25 cu yard 46 NNSS 
Transportainer 20 ft. × 8 ft. × 

8 ft. 
1 

Metal Box 4 ft. x 4 ft. x 
7 ft. 

1 

Drum 55 gal 15 
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Type of 
waste Quantity Container type Size of 

Container 
# of  

Containers 

Treatment/ 
Disposal/ 

Destination 
Facility 

Solid 
Mixed 

1,929,269 lb Bags  2.4 cu yard 5 Energy 
Solutions Metal Box 4 ft. x 4 ft. x 7 

ft. 
12 

Intermodal Bin 25 cu yard 55 

Transportainer 20 ft. × 8 ft. × 
8 ft. 

1 

Drum 55 gal 35 

Steel Box 1.8 cu yard 3 

Steel Box 4 ft. x 4 ft. x 7 
ft. 

1 NNSS 

Drum 55 gal 3 
Drum 30 1 
Bag 2.4 cu yard 118 
Drum  55 gal 1 Stored at 

DWTF 
Metal Box 4 ft. x 4 ft. x 7 

ft. 
1 Stored at 

DWTF 
    

 
The nonhazardous waste was also generated and consisted of materials used in conducting the 
closure activities that did not come in contact with the wastes, such as leaves and debris that 
blew into the project area.  The nonhazardous waste was sent to Altamont Landfill using trucks.  
Waste from building materials, soil and concrete were characterized as listed in Table 12. 
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Table 12  Wastes Generation Categories by Location 
 

Location Mixed Low-Level Radioactive Universal Waste 

Room 124 concrete 
walls and floor 

-- X -- 

Room 124 walk-in hood X -- -- 

Room 124 roof -- X -- 

Room 124 fixtures -- X -- 

Room 124 utility piping -- X -- 

Room 124 underground 
waste pipes 

X -- -- 

Room 124 footprint 
excavated soil  

-- X -- 

Room 155 concrete 
walls  

X -- -- 

Room 155 floor -- X -- 

Room 155 roof X -- -- 

Room 155 fixtures X -- -- 

Room 155 utility piping X -- -- 

Room 167 walls X -- -- 

Room 167 roof X -- -- 

Room 167 fixtures X -- X 

Room 167 utility piping X -- -- 

Room 167 concrete 
floor 

-- X -- 

Room 167 walk-in hood 
and associated 
underground piping 

X -- -- 
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Location Mixed Low-Level Radioactive Universal Waste 

Room 167 footprint 
excavated soil  

X -- -- 

Battery Shop walls and 
roof 1 

X -- -- 

Battery Shop concrete 
floor 1 

-- X -- 

Tank Vault concrete 
walls and floor 

X -- -- 

Tank Vault excavated 
soil 

X -- -- 

West and north yards 
concrete and asphalt 

-- X -- 

Utility rooms and office 
space structure 

X X -- 

 

1 The battery shop demolition activities were not part of the RCRA closure.  Information 
included for completeness. 

8.1  Liquid Hazardous, Radioactive, Mixed, and Nonhazardous Wastes  
Because all wastes had been removed from the B419 facilities prior to commencement of the 
closure activities, the amount of liquid wastes generated was minimal. The hazardous, mixed 
and low-level liquid wastes were generated primarily as a result of decontamination and saw 
cutting operations.  Nonhazardous liquid waste, including rainwater that was generated during 
the closure activities was handled at the Decontamination and Waste Treatment Facility; a 
LLNL RCRA permitted hazardous waste handling facility.  Collected rainwater was handled in 
accordance with LLNL existing rainwater management procedures.   
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8.2 Solid Low-Level Radioactive and Mixed Waste  
Solid low-level radioactive and mixed waste consisted primarily of soil, concrete and building 
materials debris.   

The debris from concrete walls and floors was first processed for size reduction and removal of 
rebar before loading into intermodal bins.  The intermodal bins were lined with bags before 
they were loaded with waste (see Figures 8-1 and 8-2).   

 
Figure 8-1  Lining of an Intermodal Bin  
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Figure 8-2  Loading of a Lined Intermodal Bin 

Solid mixed wastes were loaded into bags.  Figure 8-3 shows the mechanism for filling the 2.4 
cubic yards bags. 

 
Figure 8-3  Loading of a 2.4 Cubic Yard Bag 



 

Building 419 Closure Report 75  May 2013 

After the intermodals and bags were loaded, they were labeled, weighed and transferred to 
Area 4100 WAA for shipment, see Figure 8-4.  During Phase I, the intermodals were transported 
by trucks to the Union Pacific Railroad Company in Oakland and shipped to Energy Solutions 
by rail.  During Phase II, trucks were utilized for transportation activities.  The majority of the 
waste in Phase II was shipped to NNSS, which does not have rail access. 

 

Figure 8-4  Waste Containers Stored at Area 4100 WAA 
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Mixed waste, consisting of piping, fittings, rebar and other metal wastes were cut into sections, 
as necessary, and put into metal boxes for further handling, see Figure 8-5.  

 

 

Figure 8-5 Metal Box for Storage of Solid Mixed Waste 

8.3 Solid Nonhazardous, Nonradioactive Waste 
The remaining solid wastes that did not come in contact with hazardous, mixed or low-level 
radioactive waste were characterized as nonhazardous waste and transported by end dump 
trucks to a local landfill.  The tank vault cover, which was constructed of steel, was swiped for 
radioactive contamination and was recycled as scrap metal.  This tank vault cover was a 
replacement added when the tanks and drain lines were removed. 
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10.0  Acronyms  
ASTM  American Society for Testing and Materials  

B419 Building 419 

CAS Concrete-Asphalt-Soil 

CCR  California Code of Regulations  

CFR  Code of Federal Regulations  

CHHSL California Human Health Screening levels 

COC Chain of custody 

CSU  Container Storage Unit  

DOE  U.S. Department of Energy  

DOT  U.S. Department of Transportation  

DTSC  California Department of Toxic Substances  

DWTF  Decontamination and Waste Treatment Facility  

EFA Environmental Functional Area 

EPA  U.S. Environmental Protection Agency  

ES&H  Environment, Safety, and Health  

ESL  Environmental Screening Levels  

HHRA Human Health Risk Assessment 

LLNL  Lawrence Livermore National Laboratory  

LLNS Lawrence Livermore National Security 

LLW  Low-level Radioactive Waste  

MSDS Material Safety Data Sheet 

OSHA Occupational Safety and Health Administration 

PCB Polychlorinated Biphenyl 

P.E. Professional Engineer 

PPE Personal Protective Equipment 

QA/QC Quality Assurance/Quality Control 

RCRA  Resource Conservation and Recovery Act  

RHWM  Radioactive and Hazardous Waste Management Program 

RSL Regional Screening Level 

SAP  Sampling and Analysis Plan  

SSO  Site Safety Officer  
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SSHP  Site Safety and Health Plan  

STL Severn Trent Laboratory 

STLC  Soluble Threshold Leachate Concentration  

TPH Total Petroleum Hydrocarbons 

TTLC  Total Threshold Limit Concentration 

U.S.  United States  

VOC  Volatile Organic Compound  

WAA Waste Accumulation Area 

WAC  Waste Acceptance Criteria  
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Status of Building 419 RCRA Closure Project 

 





 
 
 

  
 Lawrence Livermore 
 National Laboratory 

ESH-EFA-WP-11-1555/EFA11-049 – RG/PH:jk 

April 27, 2011 
 
Mr. Ryan Batty, Project Manager 
Cleanup Program-Sacramento Office 
Brownfields and Environmental Restoration Program 
Department of Toxic Substances Control 
8800 Cal Center Drive, 2nd Floor 
Sacramento, California 95826 
 
Subject: Status of the Building 419 RCRA Closure Project   
  Lawrence Livermore National Laboratory  
  Livermore, California, (EPA ID No. CA2890012584) 
 
Dear Mr. Batty: 
 
During a teleconference held  on March 8, 2011, the United States Department of Energy (DOE) 
and Lawrence Livermore National Laboratory (LLNL) provided you with an update on the status 
of the Building 419 RCRA Closure Project.  DOE and LLNL are submitting this letter in order to 
provide you with formal written documentation that summarizes the information discussed 
during the teleconference.   

 
 As previously discussed, LLNL has completed the majority of the closure activities specified in 

the approved Closure Plan, including facility sampling and characterization, facility abatement, 
facility demolition, partial completion of the concrete, asphalt, and soil sampling campaign, and 
disposal of the facility structure and associated debris.  The closure activities that remain to be 
completed consist of the subsurface sampling campaign required to establish project-specific 
metals and radiological background levels, the concrete, asphalt, and soil sampling campaign 
within the project area, and the sampling, characterization, and disposal of the facility concrete 
pad, underground piping, and associated concrete tank vault. 

 
  

The closure schedule included in the March 2009 Final Closure Plan for Building 419 specifies 
that LLNL will complete all closure activities by July 21, 2011, and complete and submit the 
final Closure Report to DTSC by October 21, 2011, two years after the DTSC’s  October 21, 
2009 approval of the Closure Plan.  Due to the cost of the project being significantly higher than 
originally anticipated, no funds are currently available to complete the remaining two subsurface 
sampling campaigns or the sampling, characterization, and disposal of the facility concrete pad, 
underground piping, and associated concrete tank vault, by the completion date prescribed in the 
approved Closure Plan.  DOE is requesting additional funds to continue the closure.  In fiscal 
year 2012, DOE hopes to receive sufficient funding to enable LLNL to complete the remaining 
two subsurface sampling campaigns.  DOE will continue to seek additional funding for the 
remaining closure actions, but does not anticipate receiving it until fiscal year 2013 or later.      

    
 

In order to stabilize the Building 419 project site a fixative will be applied to the concrete pad to 
prevent any potential environmental releases.  Regular inspections are continuing to take place to 
ensure that the site remains stable.  However, all other closure activities have ceased until 
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additional funding can be obtained.  Due to the uncertainty of receiving funding in future federal 
budgets, DOE and LLNL would like to schedule a meeting with DTSC to discuss potential 
options for moving the project forward. 
 
 
If you have any questions regarding this submittal please contact Phil Wong of DOE at (925) 
422-0765 or Bruce Schultz, LLNL Environmental Functional Area Manager, at (925) 423-3978. 
 
Sincerely, 
 
 

 

Reginald F. Gaylord 
Acting Director, ES&H 
Lawrence Livermore National Laboratory 

 Phillip E. Hill,  
Technical Deputy 
Department of Energy 
National Nuclear Security Administration 
Livermore Site Office 

 
 
Cc: 
Ghazi, Rizgar, DTSC, Sacramento Office 
Steven Pay, DTSC, Sacramento Office 
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Request for Reduction in Concrete Sample Analysis  
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DTSC Compliance Evaluation Report 

 













































 

 

 

 

Attachment 1 
 

Trip Lease Agreement between Greenfield Logistics and Visionary Solutions 









 

 

 

 

Attachment 2 
 

Visionary Solutions’ Hazardous Waste Transporter Registration 





  Registration Nbr Contains 5911 

 
1   Records Listed.   

Reg. ExpDate Transporter Name Address City   Zip Phone 

5911 2013/05/31 
VISIONARY SOLUTIONS 

LLC 

111 UNION VALLEY RD 

STE B 

OAK 

RIDGE 
TN 37830 865.482.8670 

 





 

 

 

 

Attachment 3 
 

Traffic Management Secondary Oversight Hazardous Material Shipping Checklists 

 

 





Environmental Functional Area 

Environmental Support and Programmatic Outreach 
 LLNL-MISC-625991 

 
 

 
 
 
Traffic Management Secondary Oversight 
Hazardous Material Shipping Checklists 

 
July 2012 

 
 
 
 
 
 
 
 
 

V. Salvo 
 
 
 
 
 
 
 
 
 
 
 

 

 



 
This work performed under the auspices of the U.S. Department of Energy by  

Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344. 
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Appendix D  

Integrated Worksheet, Standard Operating Procedure, and 

Hazard Assessment and Control Form 

 





 

PRAD10-136 / EPDAI09-189 – BS/VS:lh 

 

 

June 14, 2010 

 

 

Mr. Ryan Batty, Project Manager 

Legacy Landfills and Corrective Action Office 

Department of Toxic Substances Control 

8800 Cal Center Drive 

Sacramento, CA  95826 

 

Subject: Submittal of the Building 419 Integration Work Sheet to the Department of Toxic 

Substances Control 

 

Dear Mr. Batty: 

 

In the Technical Completeness Determination Letter for the Final Closure Plan for Building 419, 

dated June 3, 2009, you requested a copy of a contractor specific Health and Safety Plan 

prepared by the subcontractor retained by Lawrence Livermore National Laboratory (LLNL) to 

implement closure activities.  Since that time, LLNL has informed the Department of Toxic 

Substances Control (DTSC) that the closure activities would instead be performed by internal 

resources.  Therefore, LLNL has prepared the enclosed project specific Integration Work Sheet 

(IWS) that identifies the hazards associated with the closure activities and describes the health 

and safety controls that LLNL has established for each work activity. 

 

If you have any questions or require additional information, please contact Vicki Salvo of my 

staff at (925) 423-5432. 

 

Sincerely, 

 

 

 

 Bruce Schultz, Acting Department Head 

Environmental Protection Department 

 

Enclosure: Integration Work Sheet – B419 Decontamination and Disposition  
 

Copy (PDF): 

Wong, Phil (NNSA/LSO) 

Wuthrich, Steve 





 Environmental Protection Department 

 Permits and Regulatory Affairs Division 

 
 

 
Lawrence Livermore National Laboratory 

Livermore Site 
 
 
 
 
 
 
 
 

Submittal to DTSC of Supplemental Documents 
Associated with the Building 419 Closure Project 

 
 
 

 
 
  

August 10, 2010 
 
 
 
 

 
 
 
 

Vicki Salvo 
 
 
 
 
 

 

LLNL-MI-448778 



 

This work performed under the auspices of the U.S. Department of Energy by  
Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344. 



 
 
 

 
PRAD10-176; EPDAI10-164:VS:lgb 
 
 

 
 
 July 29, 2010 
 
 
 
Mr. Ryan Batty, Project Manager 
Legacy Landfills and Corrective Action Office 
Department of Toxic Substances Control 
8800 Cal Center Drive 
Sacramento, California 95826 
 
Subject: Submittal to DTSC of Supplemental Documents Associated  

with the Building 419 Closure Project 
 
Dear Mr. Batty: 
 
In response to written comments LLNL received from Department of Toxic Substances Control 
(DTSC) for the Building 419 (B-419) Closure Project Integration Work Sheet (IWS), and 
additional requests made during the June 28th teleconference between LLNL and DTSC, 
additional documents developed specifically for the B-419 Closure Project are being submitted.  
 
The first enclosure contains a reformatted version of the B-419 Closure Project IWS that 
includes assigned tasks and project-specific training courses for individuals who have direct 
oversight or involvement in the abatement, deactivation, demolition and waste handling and 
packaging activities.  Please note that the symbol “N” displayed in red font, printed beside 
certain training courses, indicates that notification has been given to LLNL personnel that they 
must complete that particular course in ninety days.  As described during the previous 
teleconference, the IWS provides information to each worker about specific tasks; the hazards 
associated with each task; and environmental, safety, and health (ES&H) controls required for 
each task.  Since an IWS has the capability to be sorted by subject (e.g., worker name, task, etc.) 
the electronic version can be used by multiple members of a project team throughout the course 
of a project.  
 
Additional documents containing supplemental information that LLNL developed for this project 
are enclosed, and provide more specific information than the IWS.  The Standard Operating 
Procedure (SOP), included as Enclosure 2 contains detailed descriptions of the work activities.  
The Hazards Control Assessment and Control (HAC) Forms, included as Enclosure 3, contain 
more specific information than the IWS about respiratory protection such as a description of the 
operation that requires respiratory protection, the names of personnel involved, the specific type 
of respirator required, specifics on exchange of the respirators/cartridges, and hazard assessment 
of potential concentrations of airborne contaminants.  The B-419 Contingency Plan, included as 
Enclosure 4, has been updated to reflect current emergency response personnel and describes the 
procedures that must be followed in the event of an emergency at the facility.  The last enclosure 
supplements the Contingency Plan by providing additional information about the contamination 
zones and transition areas established before the project activities began. 



















































































































































































































































































































































































































































































 
 

Environmental Protection Department, Lawrence Livermore National Laboratory 
 P.O. Box 808, L-627, Livermore, California 94551 
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Appendix E 

Copies of Permits 
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Appendix F 

Example Copies of the COC and Log Books 

 





EXAMPLE



EXAMPLE



270797LLNL LLNL
Document Control # Sample ID

Lab Release # Sample Method

Project Date/Time

Sampler Preservative / Volume/Flowrate

Requested Analysis

MA2071 B-419-051-1F

ALS-PARAGN 150785 NA

B419SOIL 23-Aug-2011 10:52

mcconihe1

419ORGTCLP:ALL

EXAMPLE



270720LLNL LLNL
Document Control # Sample ID

Lab Release # Sample Method

Project Date/Time

Sampler Preservative / Volume/Flowrate

Requested Analysis

MA2071 B-419-051-1F

ALS-PARAGN 150785 NA

B419SOIL 23-Aug-2011 10:52

mcconihe1

3060A-7196:ALL

EXAMPLE



270731LLNL LLNL
Document Control # Sample ID

Lab Release # Sample Method

Project Date/Time

Sampler Preservative / Volume/Flowrate

Requested Analysis

MA2071 B-419-051-1F

ALS-PARAGN 150785 NA

B419SOIL 23-Aug-2011 10:52

mcconihe1 Cool 4, deg. C

E8270:ALL

EXAMPLE



270721LLNL LLNL
Document Control # Sample ID

Lab Release # Sample Method

Project Date/Time

Sampler Preservative / Volume/Flowrate

Requested Analysis

MA2071 B-419-051-1F

ALS-PARAGN 150785 NA

B419SOIL 23-Aug-2011 10:52

mcconihe1

W8260:ALL

EXAMPLE
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Bore Hole Logs 
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Building 419 Background Sampling 
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Building 419 Background Sampling 

Overview: 

A project-specific background was developed for the B419 project. It consists of 
analytical results from soil samples from thirty-five randomly selected locations within 
the LLNL Livermore site perimeter. Samples were analyzed for TTLC metals and 
radioactivity, including gross alpha, gross beta, tritium, alpha spectroscopy, gamma 
spectroscopy, Carbon 14, Strontium 90, and Technetium 99. 

The results were used (1) to develop background threshold (screening) values for use in 
the characterization phase of the project, and (2) as a reference set for comparison with 
post-excavation confirmation sampling results. 

 
B419 Background Threshold Values 
 
For use in the B419 Project LLNL developed a set of background threshold values 
(BTVs; EPA 2007a, 2007b) for total metals and radiological isotopes in soil. There were 
three steps to this process:  (1) identify areas considered to be represent background for 
the Livermore Site; (2) collect and analyze samples from those areas; and (3) calculate 
background threshold values (BTVs; also referred to as screening values) from the 
analytical results.  
 
To determine how many background samples to collect, LLNL used MARSSIM 
guidance for a Wilcoxon Rank Sum Test or Sign Test, using ∆/σ = 1 and 5% for both the 
Type I and Type II errors. These design parameters imply that if an area of interest that in 
fact averages more than one standard deviation above background were to be compared 
with background (using either of these statistical tests), then there would be a high 
probability (95%) of correctly concluding that the area of interest is above background. 
The resulting number of background samples was n = 32 (MARSSIM Table I.2b). To 
account for the possibility of up to 10% lost samples, LLNL increased the number of 
samples to 35. 
 
The sample locations (coordinates) were identified as follows: 
 

1. Two hundred locations within the LLNL perimeter were generated using a 
random number generator. 
 
2. Using a basemap showing locations of buildings, roads, etc., the two hundred 
random points were screened, and those that were inside buildings were removed. 
 
3. The remaining 166 locations were reviewed by staff from the Environmental 
Restoration Division CERCLA remediation effort, and those considered to be 
inappropriate for use as background were flagged. Thirty-three of the 166 were 
eliminated by this review, leaving 133 potential sampling locations. 
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The remaining 133 locations were then available for background sampling. Due to 
potential inaccuracies in the basemap it was expected that some of the 133 locations 
might be in paved areas or otherwise inaccessible. If there was accessible soil within 25 
feet of such a location, the location was adjusted in the field. Otherwise the location was 
discarded and the next location in the list was used. The sampling team was directed to 
proceed through the list sequentially, in order to preserve the randomness of the 
locations. 
 
Since the number of discarded locations was unknown in advance of the sampling effort, 
the first 50 of the 133 locations, shown in Figure 1, were given to the sampling team. The 
remaining 83 locations were held in reserve; it turned out to be unnecessary to use any of 
them.  
 
One composite sample was collected at each location using a hand auger at a depth 
between 6 inches to 2 feet below grade. Each sample was analyzed for TTLC metals and 
radioactivity, including gross alpha, gross beta, tritium, alpha spectroscopy, gamma 
spectroscopy, Carbon 14, Strontium 90, and Technetium 99). 
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Figure 1. Fifty randomly selected sample locations on the Livermore Site.  
 
As stated in EPA 2007b (page v), “… upper limits based upon background (or reference) 
data are used as estimates of BTVs, compliance limits (CL), or not-to-exceed values. 
These upper limits are often used in site (point-by-point) versus background comparison 
evaluations.” BTVs are designed to represent a value that should rarely be exceeded by 
samples from background. 
 
Specifically, LLNL chose to use the upper prediction limit (UPL) method for the normal 
distribution from EPA 2007b (Eq. 3-10 in Section 3.6.1 with α = 0.005) to calculate 
BTVs. Samples from background should exceed such a BTV at a rate of approximately 1 
in 200. The key to successful use of the UPL for a BTV is to determine whether the 
statistical model that underlies the UPL method fits the data. If it does not, then the 
exceedance rate in actual use could be substantially different from the intended rate.  
 
LLNL first reviewed results for outliers and the number of results reported by the 
analytical laboratory as above the contract reporting limit (referred to as “>CRL”). One 
or two high outliers were excluded from four analytes. With one exception, the metals 
were either all >CRL, or did not have enough results >CRL for statistical calculations. 
The exception, mercury, had 21 out of 33 results >CRL (after excluding two outliers), 
and this was considered sufficient for statistical calculations. For radiological isotopes 
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LLNL required the laboratory to report estimated concentrations based on the underlying 
count data, even when the result was <CRL. These estimated concentrations were used. 
 
After these reviews the statistical distribution of the results was examined. In general, the 
normal distribution was a good fit, although in some cases the fit was improved by the 
use of a transformation. The UPLs were then calculated; the results are shown in the table 
below.  
 

Analyte Type Average 
Standard 
Deviation 

Screening 
value Units 

Antimony Metal 
  

2.2 mg/kg 
Arsenic Metal 4.24 1.21 7.59 mg/kg 
Barium Metal 202 47.1 332 mg/kg 
Beryllium Metal 

  
0.55 mg/kg 

Cadmium Metal 
  

0.55 mg/kg 
Chromium Metal 27.9 7.54 48.9 mg/kg 
Cobalt Metal 10.2 2.37 16.7 mg/kg 
Copper Metal 21.1 5.31 35.8 mg/kg 
Hexavalent Chromium Metal 

  
2.2 mg/kg 

Lead Metal 7.88 2.29 14.3 mg/kg 
Mercury Metal 0.0416 0.0123 0.0759 mg/kg 
Molybdenum Metal 

  
1.1 mg/kg 

Nickel Metal 39.6 11 70.1 mg/kg 
Selenium Metal 

  
0.55 mg/kg 

Silver Metal 
  

1.1 mg/kg 
Thallium Metal 

  
1.1 mg/kg 

Vanadium Metal 27.8 5.76 43.7 mg/kg 
Zinc Metal 39.2 11.1 69.8 mg/kg 
Actinium 228 Radiological 0.714 0.283 1.5 pCi/g 
Aluminum 26 Radiological 0.00582 0.0458 0.133 pCi/g 
Am 241 GS Radiological 0.0315 0.183 0.539 pCi/g 
Americium 241 Radiological 0.0345 0.00992 0.062 pCi/g 
Antimony 124 Radiological -0.00657 0.0549 0.145 pCi/g 
Antimony 125 Radiological 0.00971 0.123 0.35 pCi/g 
Beryllium 7 Radiological 0.0423 0.401 1.15 pCi/g 
Bismuth 212 Radiological 0.863 0.599 2.52 pCi/g 
Bismuth 214 Radiological 0.489 0.153 0.912 pCi/g 
Carbon 14 Radiological -2.06 4.43 10.2 pCi/g 
Cerium 139 Radiological 0.00149 0.0275 0.0777 pCi/g 
Cerium 144 Radiological 0.0317 0.215 0.626 pCi/g 
Cesium 134 Radiological -0.0166 0.0742 0.189 pCi/g 
Cesium 137 Radiological -0.0094 0.0611 0.16 pCi/g 
Chromium 51 Radiological -0.171 0.408 0.957 pCi/g 
Cobalt 56 Radiological 0.064 0.132 0.428 pCi/g 
Cobalt 57 Radiological -0.000829 0.0201 0.0547 pCi/g 
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Analyte Type Average 
Standard 
Deviation 

Screening 
value Units 

Cobalt 58 Radiological 0.00131 0.065 0.181 pCi/g 
Cobalt 60 Radiological -0.00617 0.0579 0.154 pCi/g 
Curium 242 Radiological 0.00229 0.00434 0.0143 pCi/g 
Curium 244 Radiological 0.00837 0.00669 0.0269 pCi/g 
Europium 152 Radiological 0.0949 0.284 0.88 pCi/g 
Europium 154 Radiological -0.0549 0.328 0.852 pCi/g 
Europium 155 Radiological 0.0446 0.107 0.34 pCi/g 
Gross alpha Radiological 2.06 0.478 3.38 pCi/g 
Gross beta Radiological 2.72 0.63 4.47 pCi/g 
Iodine 131 Radiological 0.0114 0.139 0.395 pCi/g 
Iron 59 Radiological -0.0211 0.152 0.399 pCi/g 
Lead 212 Radiological 0.601 0.122 0.938 pCi/g 
Lead 214 Radiological 0.557 0.104 0.844 pCi/g 
Manganese 54 Radiological 0.00766 0.0547 0.159 pCi/g 
Niobium 94 Radiological -0.0134 0.0544 0.137 pCi/g 
Niobium 95 Radiological 0.00234 0.0604 0.169 pCi/g 
Plutonium 238 Radiological 0.0119 0.0085 0.0355 pCi/g 
Plutonium 239+240 Radiological 0.0122 0.0122 0.046 pCi/g 
Potassium 40 Radiological 11.6 2.47 18.4 pCi/g 
Protactinium 234m Radiological 1.89 10 29.6 pCi/g 
Ruthenium 106 Radiological -0.0889 0.486 1.25 pCi/g 
Scandium 46 Radiological -0.0135 0.0532 0.134 pCi/g 
Silver 110m Radiological 0.0016 0.0575 0.161 pCi/g 
Sodium 22 Radiological -0.00229 0.0687 0.188 pCi/g 
Strontium 90 Radiological 0.0414 0.0803 0.264 pCi/g 
Technetium 99 Radiological -0.106 0.272 0.647 pCi/g 
Thallium 208 Radiological 0.219 0.055 0.371 pCi/g 
Thorium 227 Radiological -0.207 0.455 1.05 pCi/g 
Thorium 228 Radiological 0.721 0.0979 0.991 pCi/g 
Thorium 230 Radiological 0.674 0.102 0.957 pCi/g 
Thorium 232 Radiological 0.687 0.107 0.983 pCi/g 
Thorium 234 Radiological 0.537 0.689 2.44 pCi/g 
Tritium Radiological 0.0218 0.0304 0.106 pCi/g 
Uranium 234 and Uranium 233 Radiological 0.554 0.0744 0.76 pCi/g 
Uranium 235 Radiological -0.00886 0.236 0.645 pCi/g 
Uranium 235 and Uranium 236 Radiological 0.0417 0.0176 0.0904 pCi/g 
Uranium 238 Radiological 0.541 0.0637 0.717 pCi/g 
Zinc 65 Radiological -0.173 0.157 0.261 pCi/g 
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MSDS and Product Data Sheet for Fixative 

 





Per OSHA-recommended ANSI Z400.1-2004 standard format & in accordance with 
European standard format

SECTION 1: PRODUCT AND COMPANY IDENTIFICATION

Product Name:  ABC® Asbestos Binding Compound
Product Description:  Asbestos Binding Compound - Green          
Product Code:  6423

Manufacturer:  Fiberlock Technologies, Inc.        
Address:   
Fiberlock Technologies
150 Dascomb Road
Andover MA, 01810

Contact Info:
Tel: (800) 342-3755                    
Fax: (978) 475-6205

Emergency Phone: 24 Hour Contact: CHEM-TEL: (800) 255-3924 (Contract Number: MIS0001450)
INTERNATIONAL 24 HOUR EMERGENCY Phone: 813-248-0585          

SECTION 2: COMPOSITION/INFORMATION ON INGREDIENTS

Non-hazardous:
Pigmented Latex emulsion coating comprised of water, pigments, fillers, additives, 
and latex emulsion resin.  

Hazardous:  

Chemical Name CAS# Percent Exposure Limits

1 - Titanium dioxide 13463-67-7 < 25.0 ACGIH TLV
10 mg/m3 as Dust
OSHA PEL
10 mg/m3 as Total Dust
5 mg/m3 Respirable Fraction

Note: Normal application procedures pose no hazard since titanium dioxide is 
wetted and encapsulated, but grinding or sanding dried films of this product may 
yield respirable titanium dioxide dust. Control exposures to less than 0.1 mg/m3 
using NIOSH-approved dust filter respirators.
Note: Per 29CFR 1910.1200 (g) (2) (1) (C) (2), only hazardous substances present in 
excess of 1.0% by weight (or 0.1% for carcinogens) must be listed on an MSDS.

                           

SECTION 3: HAZARDS IDENTIFICATION

Emergency Overview:
Product Description:  This product is a pigmented liquid.
Health Hazards:
Eyes: May cause slight irritation.
Skin: Substance may cause slight skin irritation.
Inhalation: May cause irritation of respiratory tract.
Ingestion: Ingestion may cause gastrointestinal irritation, nausea, and vomitting.
Flammability Hazards:  This product is not flammable. If this product is involved 
in a fire, the decomposition products generated will include irritating vapors and 
gases and some carbon monoxide. 
Reactivity Hazards:  This product is not reactive. 
Environmental Hazards:  Although release of this product to the environment is 
not expected to cause significant adverse effect, all releases should be avoided.

      

SECTION 4:  FIRST AID MEASURES

Eyes:  Immediately flush eyes with plenty of water for at least 15 minutes and 
consult physician.           
Skin:  Wash skin thoroughly with soap and water. If drenched with product, 
remove and wash clothing before reuse.   
Ingestion:  Ingestion If victim is conscious give 2 glasses of water. Call a 
physician.   
Inhalation: N/A

MATERIAL SAFETY DATA SHEET
ABC® ASBESTOS BINDING COMPOUND                                                                       

SECTION 5: FIRE-FIGHTING MEASURES

Product is non-combustible.

Flash point: Autoignition Temperature:

F:  Not flammable
C:  Not flammable

F:  Not Established
C:  Not Established

Extinguishing Media:

Use extinguishing media appropriate for surrounding fire

Water Spray OK 

Carbon Dioxide OK

Foam OK

Dry Chemical OK

Halon OK

Other Any “ABC” Class    
       

SECTION 6: ACCIDENTAL RELEASE MEASURES

Accidental Release Measures:
Personal Precautions: Do not get in eyes. Do not take internally. Avoid skin 
contact. Prevent prolonged or repeated breathing of vapor or spray mists. Keep 
unnecessary people away. Floor may be slippery, use care to avoid falling.  
Ventilate the area.  Remove with inert absorbent.
Environmental Precautions: Keep spills and cleaning run-offs out of municipal 
sewers and open bodies of water. Comply with local, state and national  
regulations.

    

SECTION 7:  HANDLING AND STORAGE

Handling and Storage:      
Storage: Store in a cool, dry place
Keep closure tight and containers upright to prevent leakage. 
Precautionary labeling: “KEEP FROM FREEZING”. 

SECTION 8:  EXPOSURE CONTROLS/PERSONAL PROTECTION

Precautions: 
Use only with adequate ventilation.
Avoid contact with skin and eyes. Avoid breathing vapor and spray mist.
Wash hands after using.
This coating may contain materials classified as nuisance particulates (listed “as 
Dust” in Section 2) which may be present at hazardous levels only during the 
sanding or abrading of the dried film. If no specific dusts are listed in Section 2, the 
applicable limits for nuisance dusts are ACGIH TLV 10 mg/m3 (total dust), 3 mg/
m3 (respirable fraction), OSHA PEL 10 mg/m3 (total dust), 5 mg/m3 (respirable 
fraction).
Work Hygienic Practices: Avoid contact with skin. Do not get in eyes. Do not take 
internally.  Avoid breathing vapors or spray mists.  
Ventilation: Use in well-ventilated areas.  General exhaust acceptable if the 
exposure to materials in Section 2 is maintained below applicable exposure limits.
Refer to OSHA Standards 1910.94, 1910.107, 1910.108.
Respiratory Protection: If personal exposure cannot be controlled below 
applicable limits by ventilation, wear a properly fitted organic vapor/particulate 
respirator approved by NIOSH/MSHA for protection against materials in Section 2.
When sanding or abrading the dried film, wear a dust/mist respirator approved 
by NIOSH/MSHA for dust which may be generated from this product, underlying 
paint, or the abrasive.
Eye Protection: Use approved safety eyewear including side shields, chemical 
goggles or face shields.
Skin Protection:  Wear neoprene or rubber gloves to prevent skin contact if 
prolonged skin contact is likely. Wash hands before eating, smoking or using the 
wash room.

MSDS DATE: 03/14/12 

Page 1: MSDS for Fiberlock Technologies ABC® Asbestos Binding Compound No. 6423 Green



SECTION 9:  PHYSICAL AND CHEMICAL PROPERTIES

Appearance: Viscous 
liquid

Viscosity @ 77°F:     60-75 Kreb 
Units ± 5.0

Odor: Slight odor Percent Solids By 
Weight:

51.4% ± 
2.0.0

Boiling Point: 212°F Solubility in Water: Total

Freezing Point: 32°F Vapor Density @ 68°F: Heavier 
than air

Vapor Pressure 
(mmHg) @ 68°F:

17 Specific Gravity (H2O 
= 1) @ 68°F:

1.1 ± 0.1

Weight Per Gallon: 9.0 lbs/gal 
± 0.5

Evaporation Rate: Slower than 
ether

SECTION 10: STABILITY AND REACTIVITY

Stability: Stable
Incompatibility: (Material to Avoid): Avoid contact with strong oxidizing agents 
(e.g. nitric acid, permanganates), etc.
Hazardous Decomposition or By-Products: Some carbon monoxide.
Hazardous Polymerization: Will not occur.

SECTION 11:  TOXICOLOGICAL INFORMATION

Toxicological Information:
Chronic Health Hazards
IARC’s Monograph No. 93 reports there is sufficient evidence of 
carcinogenicity in experimental rats exposed to titanium dioxide but 
inadequate evidence for carcinogenicity in humans and has assigned a Group 
2B rating. In addition, the IARC summary concludes, “No significant exposure 
to titanium dioxide is thought to occur during the use of products in which 
titanium is bound to other materials, such as paint.”
Toxicology Data

Chemical Name CAS No. LD50

Titanium dioxide 13463-67-7 Oral: >24000 mg/kg (Rat)
Dermal: >10000 mg/m3 (rabbit)
Inhalation (Dust): >6.82 mg/L (Rat, 4hr.)

SECTION 12:  ECOLOGICAL INFORMATION

Ecological Information:
No Data Available

   

SECTION 13:  DISPOSAL  CONSIDERATIONS

Waste Disposal Method:
Waste from this product is not hazardous as defined under the Resource 
Conservation and Recovery Act (RCRA) 40 CFR 261. If incinerating, do so 
in an approved facility, and do not incinerate closed container. Dispose of in 
accordance with Federal, State/Provincial, and Local regulations regarding 
pollution.

SECTION 14:   TRANSPORT INFORMATION

U.S. Department of Transportation
       Proper Shipping Name: Non-Hazardous Water-Based Paint
       Hazard Class: “Not Regulated”                          
       Label Statement: “Keep From Freezing”
       Class 55 Non-Hazardous Water-Based Paint
Canada (TDG)
Not Regulated for Transportation.
IMO
Not Regulated for Transportation.

SECTION 15: REGULATORY INFORMATION

U.S. Federal Regulations: 
TSCA (TOXIC SUBSTANCE CONTROL ACT): All components of this product are 
in compliance with the inventory listing requirements of the U.S. Toxic Substances 
Control Act (TSCA) Chemical Substance Inventory.
CERCLA (COMPREHENSIVE RESPONSE COMPENSATION, AND LIABILITY 
ACT): Releases of this material to air, land, or water are not reportable to the 
National Response Center under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) or to state and local emergency planning 
committees under the Superfund Amendments and Reauthorization Act (SARA) Title 
III Section 304.
SARA TITLE III:  No ingredients in this product are subject to SARA 313 (40 CFR 
372.65C) Supplier Notification.
CALIFORNIA SAFE DRINKING WATER AND TOXIC ENFORCEMENT ACT 
(PROPOSITION 65): Components of this product are on the California Proposition 
65 lists. 
Titanium Dioxide is subject to the reporting requirements of Section 313 of the 
Emergency Planning and Community-Right-To-Know Act of 1986 and of 40 CFR 372.
CANADA DSL: All components are listed or exempt.

SECTION 16:  OTHER INFORMATION

This product has been classified in accordance with the hazard criteria of the 
Canadian Controlled Products Regulations (CPR) and the MSDS contains all of the 
information required by the CPR.
To comply with New Jersey DOH Right-To-Know labeling law (NJAC 8:59 – 5.1 & 5.2)

CAS. No.: CHEMICAL INGREDIENTS
7732-18-5 Water

13463-67-7 Titanium dioxide

25265-77-4 2, 2, 4-Trimethyl-1-3, pentanediol
monoisobutyrate

Not Available + Proprietary surfactant

Not Available + Latex resin solids

(+) Contents Partially Unknown

HMIS HAZARD RATING

Health 1 Flammability 0 Physical Hazard 0 Personal 
Protection A

HAZARD INDEX:  0=Minimal, 1=Slight, 2=Moderate, 3=Serious, 4=Severe

PERSONAL PROTECTION CODE:

A=Safety glasses

Warning! If you scrape, sand or remove old paint, you may release lead dust. LEAD 
IS TOXIC. EXPOSURE TO LEAD DUST CAN CAUSE SERIOUS ILLNESS, SUCH AS 
BRAIN DAMAGE, ESPECIALLY IN CHILDREN. PREGNANT WOMEN SHOULD ALSO 
AVOID EXPOSURE. Wear a NIOSH-approved respirator to control lead exposure. 
Clean up carefully with a HEPA vacuum and wet mop. Before you start, find out how to 
protect yourself and your family by contacting the National Lead Information Hot line at 
1-800-424-LEAD (5323) or log on to: www.epa.gov/lead

Page 2: MSDS for Fiberlock Technologies ABC® Asbestos Binding Compound No. 6423 Green 1066-1119



Product data Sheet
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Application Information

Product Description

*LEED® and related logo is a 
trademark owned by the U.S. Green 

Building Council and is used by permission.

ABC®
Asbestos Encapsulant/Sealant

ABC Asbestos Binding Compound is a high solids asbestos encapsulant/sealant, designed to encapsulate friable Asbestos Containing 
Material (ACM) such as fireproofing and insulation material. ABC is an important tool for coping with the health hazards associated with 
exposure to asbestos fibers. In 1978, ABC was tested for the EPA under contract #68-03-2552-T2005 by Battelle Laboratories of Columbus, 
Ohio, and found to meet the requirements for the effective encapsulation and removal of ACM. The high solids, nonflammable composi-
tion of ABC allows for dilution with water to provide maximum flexibility for specific asbestos abatement needs, including lockdown/
removal, penetrating encapsulation and bridging encapsulation. ABC is also an effective tool for controlling the documented health 
hazard of exposure to asbestos fibers found present in soil. 

6421-Off White, 6423-Green, 6422-Clear

SURFACE PREPARATION
Warning! If you scrape, sand, or remove old 
paint from any surface, you may release lead 
dust. LEAD IS TOXIC. EXPOSURE TO LEAD 
DUST CAN CAUSE SERIOUS ILLNESS, SUCH AS 
BRAIN DAMAGE, ESPECIALLY IN CHILDREN. 
PREGNANT WOMEN SHOULD ALSO AVOID 
EXPOSURE. Wear a NIOSH approved respirator 
to control lead exposure. Carefully clean up 
with a wet mop or HEPA vacuum. Before you 
start, find out how to protect yourself and 
you family by contacting the U.S. EPA/Lead 
Information Hotline at 1-800-424-LEAD (5323) 
or log on to www.epa.gov/lead. 

Prior to application it is important to 
determine if the existing asbestos matrix 
is well adhered to the substrate. Correct 
any surface defects and clean all surfaces 
thoroughly. Be careful not to agitate as-
bestos fibers during preparation; this 
could increase asbestos exposure. Stir 
ABC thoroughly to achieve a uniform con-
sistency. ABC may be diluted with water 
for different applications. 

APPLICATION TOOLS
Professional models of all brands of airless 
spray equipment can be used to success-
fully apply ABC. Use the settings below 
when applying ABC: 

PENETRATING
Pressure: 1300 - 1400 P.S.I.
Tip: .017 - .031
BRIDGING
Pressure: 2200 - 3000 P.S.I.
Tip: .017 - .023
REMOVAL/LOCKDOWN
Pressure: 2200 - 2300 P.S.I.
Tip: .015 - .025 

PRODUCT APPLICATION 
ENCAPSULATION INSTRUCTIONS
PENETRANT- For most fibrous asbestos 
applications such as “cotton candy” style 
fireproofing or compressed acoustic ma-
terial less than 2 inches thick, add 1 part 
water to 1 part ABC. Using the proper spray 
equipment settings listed, apply ABC to 
the ACM until saturated. Multiple passes 
may be required, allowing time between 
passes for dissipation of the solution into 
the matrix. Full saturation is achieved 
when the ACM will not absorb any more 
of the encapsulant into the matrix. Cover-
age, depending on thickness and porosity 
of the material, can vary between 50 - 75 
sq. ft./gal.

BRIDGING AGENT- A qualified asbestos 
professional should determine the nec-
essary dry film thick ness for individual 
abatement projects. The necessary dry 
film thickness of a bridging encapsulant 
for asbestos containing materials (ACM) 
will vary from project to project as ACM 
can have a wide range of characteristics, 
including density, porosity, and surface 
profile. In the EPA’s Guidance for Control-
ling Asbestos-Containing Materials in 
Buildings (EPA 560 / 5-84024, June 1985), 
the primary instruction regarding dry 
film thickness states that when encapsu-
lating ACM, the coating is to be applied 

Asbestos Abatement Products

Properties

Product Specifications

Solids by Weight ± 2%:
Solids by Volume ± 2%:
Viscosity at 70°F:
Specular Gloss:
Flash Point: 
Shelf Life:                               

Calculated VOC:                                               

ABC complies with the requirements for LEED® EQ Credit 

4.2, low-emitting materials: paints and coatings.

Coverage

Smooth Surfaces:
Porous Surfaces:

Drying Times (@ 70 - 77°F , 50% R.H.)

To Touch:
To Recoat:
Minimum Application Temperature:  50°F (10°C)

Available Package Sizes

5 gallon containers
Weight Per Gallon ± 0.5 lbs:

Product Testing

Fire Rating:
  Flame Spread:
  Fuel Contribution:
  Smoke Density:
  Test Facility:

.017- .023 TIP SIZE

2200-3000 PSI

51.4%
44.0%

60-75 Kreb  Units
82º ± 5 @ 60º 

Non-combustible 
36 Months Min.                              

 (Original Sealed Containers)
56-64* grams/liter

50-100 ft2/gal

50-75 ft2/gal

1-2 hours
12-24 hours

9.6 lbs/gal 

ASTM E84 Class A
10
10

5
Southwest Research Institute

* ABC Calculated VOC dependent on color



These suggestions and data are based on information we believe to be reliable. They are offered in good faith, but without guarantee, as conditions and methods of use 
of this product are beyond our control. Neither Fiberlock Technologeies, Inc., nor its agents shall be responsible for the use or results of use of this product or any injury, 
loss or damage, direct or consequential. We recommend that the prospective user determine the suitability of this product for each specific project and for the health 
and safety of personnel working in the area.

For Technical Information call 800.342.3755

Fiberlock Technologies    •    150 Dascomb Rd    •    Andover, MA 01810    •    www.fiberlock.com    •    800.342.3755

Application Information

Product data Sheet

“considerably thicker than recommended for painting. Coverage 
should be no more than 100 sq. ft. per gallon and should create a 
continuous, unbroken coating” (Section 5.1.3, page 5-8).
For bridging applications, apply ABC at full strength with an airless 
sprayer in accordance with the settings listed below. Typical bridg-
ing applications are applied at a coverage rate of 75-100 sq. ft./
gallon, which yields a dry film thickness be tween 6-10 mils on hard, 
cementitious ACM. For more information, contact Fiberlock or visit 
our website for the complete Specification for ABC.

REMOVAL/LOCKDOWN
Removal is recommended for loosely adhered ACM. Mix 4 parts 
water to 1 part ABC and apply to ACM. ABC will facilitate removal 
by penetrating into the ACM keeping it moist and sticky. After the 
ACM has been removed, apply 1 part ABC diluted with 1 part water 
to seal residual fibers left on substrate. 

SOIL ENCAPSULATION INSTRUCTIONS 
PENETRANT – For encapsulation of soil contaminated with asbes-
tos, mix one part ABC with one part water.  Apply as a penetrating 
encapsulant to increase the dimensional stability of the soil, while 
reducing its porosity.  For heavy clay or hard packed soils, the dilu-
tion rate may need to be increased to 2 parts water to one part ABC 
to improve penetration.  Porous soils, such as those with high sand 
or gravel content, may require more product per square foot, or 
multiple applications of penetrating encapsulant solution.  

BRIDGING AGENT – Apply ABC full strength as a bridging encapsu-
lant.  Dry film thickness and application rate should be determined 
by a qualified asbestos professional as appropriate to the project 
site and goals.  

COVERAGE
Coverage depends on thickness and porosity of the material. 
Penetrant: 50-75 ft2 per gallon 
Penetrant (Soil): 30-35 ft2 per gallon 
Bridging Agent: 75-100 ft2 per gallon  
Bridging Agent (Soil): 75-100 ft2 per gallon 

DRYING TIME @ 70°F 50% R.H
To Touch – 1-2 hours  
Drying time will vary based on thickness and porosity of the ACM 
being encapsulated. 

CLEANUP
Tools and drippings should be cleaned with warm soapy water 
before coating dries. Follow equipment manufacturer’s directions 
to clean spray equipment. Dispose of all waste according to current 
Local, State and Federal regulations. 

PRECAUTIONS
Store in a dry place at temperatures between 40°F and 100°F. Ap-
proved respirators must be used to prevent inhalation of asbestos 
fibers that may be present in the air. Protective clothing should be 
worn. 

Careful consideration should be given to all EPA, OSHA, and State 
regulations in effect at the time of application of ABC. The EPA, 
through the Office of Pesticides and Toxic Substances, has issued a 
report headed “Guidance for Controlling Friable Asbestos Contain-
ing Materials in Buildings”, EPA 560/5 85-024 June 1985, containing 
the proper data, cautions, and procedures for asbestos control. 
Copies are available from: TSCA Industry Asst. Office, EPA TS- 799, 
401 M Street SW, Washington, DC 20460, (202) 554-1404. 

CAUTION!
KEEP OUT OF REACH OF CHILDREN.

Do not take internally. Close container after each use. 
Keep from freezing

24 hour Emergency “CHEM-TEL” - 800.255.3924

6421 - Off White, 6243 - Green, 6422 - Clear 

1000-3518

ABC
Asbestos Encapsulant/Sealant
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Sample Location Depth  
(Feet) Analyte Result Unit Site Background 

Level

Bldg 419   Clean 
Closure 

Standards 

Above Screening 
Levels 

(Y=yes)

B-419-001 1 Mercury 0.26 mg/kg 0.0759 10

B-419-001 5 Mercury 0.11 mg/kg 0.0759 10

B-419-001 10 Mercury 0.078 mg/kg 0.0759 10

B-419-001 2 Selenium 0.62 mg/kg 0.55 390

B-419-001 1 Tritium 102 pCi/g 0.106 110

B-419-001 2 Tritium 62.7 pCi/g 0.106 110

B-419-001 5 Tritium 18.4 pCi/g 0.106 110

B-419-001 10 Tritium 3.93 pCi/g 0.106 110

B-419-001 15 Tritium 1.49 pCi/g 0.106 110

B-419-002 1 Mercury 1.1 mg/kg 0.0759 10

B-419-002 5 Mercury 0.12 mg/kg 0.0759 10

B-419-002 10 Mercury 0.079 mg/kg 0.0759 10

B-419-002 1 Tritium 117 pCi/g 0.106 110 Y

B-419-002 2 Tritium 96 pCi/g 0.106 110

B-419-002 5 Tritium 14.3 pCi/g 0.106 110

B-419-002 10 Tritium 59.2 pCi/g 0.106 110

B-419-002 15 Tritium 141 pCi/g 0.106 110 Y

B-419-003 1 Mercury 0.1 mg/kg 0.0759 10

B-419-003 2 Mercury 0.21 mg/kg 0.0759 10

B-419-003 5 Mercury 0.29 mg/kg 0.0759 10

B-419-003 9.5 Mercury 0.11 mg/kg 0.0759 10

B-419-003 1 Tritium 25.5 pCi/g 0.106 110

B-419-003 2 Tritium 21.1 pCi/g 0.106 110

B-419-003 5 Tritium 89 pCi/g 0.106 110

B-419-003 9.5 Tritium 21.9 pCi/g 0.106 110

B-419-003 15 Tritium 34.6 pCi/g 0.106 110

B-419-004 2 Beryllium 5 mg/kg 0.55 160

B-419-004 5 Beryllium 1.3 mg/kg 0.55 160

B-419-004 15 Cadmium 0.66 mg/kg 0.55 70

B-419-004 15 Chromium 49 mg/kg 48.9 48.9 Y

B-419-004 1 Gross alpha 3.5 pCi/g 3.38 3.38 Y

B-419-004 2 Gross alpha 11.5 pCi/g 3.38 3.38 Y

B-419-004 5 Gross alpha 5.5 pCi/g 3.38 3.38 Y

B-419-004 10 Gross alpha 5.7 pCi/g 3.38 3.38 Y

B-419-004 15 Gross alpha 3.9 pCi/g 3.38 3.38 Y

B-419-004 2 Gross beta 6.5 pCi/g 4.47 4.47 Y

B-419-004 10 Gross beta 4.8 pCi/g 4.47 4.47 Y

B-419-004 2 Lead 99 mg/kg 14.3 400

B-419-004 5 Lead 22 mg/kg 14.3 400

B-419-004 10 Lead 19 mg/kg 14.3 400

B-419-004 15 Lead 160 mg/kg 14.3 400

B-419-004 1 Mercury 0.67 mg/kg 0.0759 10

B-419-004 2 Mercury 7.3 mg/kg 0.0759 10

B-419-004 5 Mercury 3.1 mg/kg 0.0759 10

B-419-004 10 Mercury 0.27 mg/kg 0.0759 10

B-419-004 15 Mercury 0.49 mg/kg 0.0759 10



Sample Location Depth  
(Feet) Analyte Result Unit Site Background 

Level

Bldg 419   Clean 
Closure 

Standards 

Above Screening 
Levels 

(Y=yes)

B-419-004 1 PCB 1248 0.35 mg/kg - 0.22 Y

B-419-004 2 PCB 1248 0.31 mg/kg - 0.22 Y

B-419-004 1 Selenium 0.59 mg/kg 0.55 390

B-419-004 2 Selenium 0.7 mg/kg 0.55 390

B-419-004 15 Tetrachloroethene 0.0051 mg/kg - 0.55

B-419-004 15 Thallium 1.2 mg/kg 1.1 5

B-419-004 1 Tritium 100 pCi/g 0.106 110

B-419-004 2 Tritium 358 pCi/g 0.106 110 Y

B-419-004 5 Tritium 646 pCi/g 0.106 110 Y

B-419-004 10 Tritium 1920 pCi/g 0.106 110 Y

B-419-004 15 Tritium 554 pCi/g 0.106 110 Y

B-419-005 10 Gross alpha 4.1 pCi/g 3.38 3.38 Y

B-419-005 2 Mercury 0.12 mg/kg 0.0759 10

B-419-005 2 Mercury 0.12 mg/kg 0.0759 10

B-419-005 5 Mercury 0.35 mg/kg 0.0759 10

B-419-005 10 Mercury 0.37 mg/kg 0.0759 10

B-419-005 15 Mercury 0.13 mg/kg 0.0759 10

B-419-005 1 Methylene chloride 0.0074 mg/kg - 11

B-419-005 5 PCB 1254 0.056 mg/kg - 0.22

B-419-005 10 PCB 1254 0.1 mg/kg - 0.22

B-419-005 15 PCB 1254 0.062 mg/kg - 0.22

B-419-005 1 Tritium 11.5 pCi/g 0.106 110

B-419-005 2 Tritium 9.7 pCi/g 0.106 110

B-419-005 2 Tritium 10.9 pCi/g 0.106 110

B-419-005 5 Tritium 313 pCi/g 0.106 110 Y

B-419-005 10 Tritium 218 pCi/g 0.106 110 Y

B-419-005 15 Tritium 258 pCi/g 0.106 110 Y

B-419-006 10 Mercury 0.076 mg/kg 0.0759 10

B-419-006 15 Mercury 0.09 mg/kg 0.0759 10

B-419-006 1 Selenium 0.58 mg/kg 0.55 390

B-419-006 2 Selenium 0.58 mg/kg 0.55 390

B-419-006 5 Thallium 1.2 mg/kg 1.1 5

B-419-006 1 Tritium 52.1 pCi/g 0.106 110

B-419-006 2 Tritium 110 pCi/g 0.106 110

B-419-006 5 Tritium 234 pCi/g 0.106 110 Y

B-419-006 10 Tritium 153 pCi/g 0.106 110 Y

B-419-006 15 Tritium 55.2 pCi/g 0.106 110

B-419-007 5 Mercury 0.1 mg/kg 0.0759 10

B-419-007 10 Mercury 0.089 mg/kg 0.0759 10

B-419-007 1 Tritium 163 pCi/g 0.106 110 Y

B-419-007 2 Tritium 307 pCi/g 0.106 110 Y

B-419-007 5 Tritium 226 pCi/g 0.106 110 Y

B-419-007 10 Tritium 343 pCi/g 0.106 110 Y

B-419-007 15 Tritium 660 pCi/g 0.106 110 Y

B-419-008 1 Bis(2-ethylhexyl)phthalate 0.36 mg/kg - 35

B-419-008 5 Mercury 0.11 mg/kg 0.0759 10



Sample Location Depth  
(Feet) Analyte Result Unit Site Background 

Level

Bldg 419   Clean 
Closure 

Standards 

Above Screening 
Levels 

(Y=yes)

B-419-008 10 Mercury 0.092 mg/kg 0.0759 10

B-419-008 1 Tritium 4.05 pCi/g 0.106 110

B-419-008 2 Tritium 4.49 pCi/g 0.106 110

B-419-008 5 Tritium 4.32 pCi/g 0.106 110

B-419-008 10 Tritium 1.65 pCi/g 0.106 110

B-419-008 15 Tritium 1.15 pCi/g 0.106 110

B-419-010 10 Barium 940 mg/kg 332 15000

B-419-010 10 Cadmium 1.1 mg/kg 0.55 70

B-419-010 5 Mercury 0.1 mg/kg 0.0759 10

B-419-010 10 Molybdenum 1.7 mg/kg 1.1 390

B-419-010 1 Nickel 160 mg/kg 70.1 1500

B-419-010 10 Nickel 140 mg/kg 70.1 1500

B-419-010 2 Tritium 0.47 pCi/g 0.106 110

B-419-010 5 Tritium 0.372 pCi/g 0.106 110

B-419-011 15 Chromium 230 mg/kg 48.9 48.9 Y

B-419-011 5 Mercury 0.076 mg/kg 0.0759 10

B-419-011 10 Mercury 0.089 mg/kg 0.0759 10

B-419-011 10 Mercury 0.097 mg/kg 0.0759 10

B-419-011 15 Nickel 170 mg/kg 70.1 1500

B-419-011 1 Tritium 1.33 pCi/g 0.106 110

B-419-011 2 Tritium 1.7 pCi/g 0.106 110

B-419-011 5 Tritium 1.07 pCi/g 0.106 110

B-419-011 10 Tritium 0.332 pCi/g 0.106 110

B-419-012 11 Barium 640 mg/kg 332 15000

B-419-012 1 Chromium 54 mg/kg 48.9 48.9 Y

B-419-012 11 Mercury 0.077 mg/kg 0.0759 10

B-419-012 1 Molybdenum 4.2 mg/kg 1.1 390

B-419-013 5 Mercury 0.14 mg/kg 0.0759 10

B-419-013 10 Mercury 0.076 mg/kg 0.0759 10

B-419-013 1 Tritium 0.314 pCi/g 0.106 110

B-419-013 2 Tritium 0.257 pCi/g 0.106 110

B-419-013 15 Tritium 0.84 pCi/g 0.106 110

B-419-014 1 Hexavalent Chromium 3.5 mg/kg 2.2 2.2 Y

B-419-014 2 Lead 20 mg/kg 14.3 400

B-419-014 1 Tritium 1.3 pCi/g 0.106 110

B-419-014 2 Tritium 1.05 pCi/g 0.106 110

B-419-014A 2 Bis(2-ethylhexyl)phthalate 5.9 mg/kg - 35

B-419-014A 1 Chromium 55 mg/kg 48.9 48.9 Y

B-419-014A 2 Chromium 72 mg/kg 48.9 48.9 Y

B-419-014A 2 Chromium 64 mg/kg 48.9 48.9 Y

B-419-014A 2 Cobalt 19 mg/kg 16.7 660

B-419-014A 2 Cobalt 18 mg/kg 16.7 660

B-419-014A 1 Copper 36 mg/kg 35.8 3100

B-419-014A 1 Nickel 160 mg/kg 70.1 1500

B-419-014A 2 Nickel 200 mg/kg 70.1 1500

B-419-014A 2 Nickel 200 mg/kg 70.1 1500



Sample Location Depth  
(Feet) Analyte Result Unit Site Background 

Level

Bldg 419   Clean 
Closure 

Standards 

Above Screening 
Levels 

(Y=yes)

B-419-014A 1 Tritium 0.68 pCi/g 0.106 110

B-419-014A 2 Tritium 0.85 pCi/g 0.106 110

B-419-014A 2 Tritium 1.01 pCi/g 0.106 110

B-419-014A 5 Tritium 0.365 pCi/g 0.106 110

B-419-015A 10 Arsenic 37 mg/kg 7.59 11 Y

B-419-015A 1 Barium 360 mg/kg 332 15000

B-419-015A 2 Barium 380 mg/kg 332 15000

B-419-015A 10 Barium 1000 mg/kg 332 15000

B-419-015A 10 Chromium 230 mg/kg 48.9 48.9 Y

B-419-015A 10 Cobalt 60 mg/kg 16.7 660

B-419-015A 10 Copper 120 mg/kg 35.8 3100

B-419-015A 10 Lead 44 mg/kg 14.3 400

B-419-015A 5 Mercury 0.077 mg/kg 0.0759 10

B-419-015A 10 Nickel 280 mg/kg 70.1 1500

B-419-015A 2 Tritium 1.19 pCi/g 0.106 110

B-419-015A 5 Tritium 0.88 pCi/g 0.106 110

B-419-015A 15 Tritium 0.426 pCi/g 0.106 110

B-419-015A 10 Vanadium 180 mg/kg 43.7 390

B-419-015A 1 Zinc 150 mg/kg 69.8 23000

B-419-015A 2 Zinc 140 mg/kg 69.8 23000

B-419-015A 10 Zinc 280 mg/kg 69.8 23000

B-419-016A 10 Arsenic 11 mg/kg 7.59 11

B-419-016A 1 Lead 23 mg/kg 14.3 400

B-419-016A 10 Mercury 0.085 mg/kg 0.0759 10

B-419-016A 1 Tritium 0.444 pCi/g 0.106 110

B-419-016A 2 Tritium 2.39 pCi/g 0.106 110

B-419-016A 5 Tritium 2.2 pCi/g 0.106 110

B-419-016A 10 Tritium 0.336 pCi/g 0.106 110

B-419-017 15 Mercury 0.79 mg/kg 0.0759 10

B-419-017 0.8 Tritium 0.55 pCi/g 0.106 110

B-419-017 4.5 Tritium 0.64 pCi/g 0.106 110

B-419-017 10 Tritium 0.419 pCi/g 0.106 110

B-419-017 15 Tritium 1.82 pCi/g 0.106 110

B-419-017A 2 Molybdenum 5.6 mg/kg 1.1 390

B-419-017A 2 Tritium 1.25 pCi/g 0.106 110

B-419-018 3 Acetone 0.03 mg/kg - 61000

B-419-018 3 Benzene 0.024 mg/kg - 1.1

B-419-018 1 Chromium 70 mg/kg 48.9 48.9 Y

B-419-018 1 Chromium 93 mg/kg 48.9 48.9 Y

B-419-018 3 Chromium 51 mg/kg 48.9 48.9 Y

B-419-018 3 Chromium 85 mg/kg 48.9 48.9 Y

B-419-018 11 Chromium 53 mg/kg 48.9 48.9 Y

B-419-018 3 m- and p-Xylene Isomers 0.0089 mg/kg - 630

B-419-018 3 Mercury 0.078 mg/kg 0.0759 10

B-419-018 3 Mercury 0.11 mg/kg 0.0759 10

B-419-018 6 Mercury 0.076 mg/kg 0.0759 10



Sample Location Depth  
(Feet) Analyte Result Unit Site Background 

Level

Bldg 419   Clean 
Closure 

Standards 

Above Screening 
Levels 

(Y=yes)

B-419-018 3 Naphthalene 0.007 mg/kg - 3.6

B-419-018 3 Toluene 0.023 mg/kg - 5000

B-419-019 0.8 Tritium 0.215 pCi/g 0.106 110

B-419-019 4 Tritium 0.75 pCi/g 0.106 110

B-419-020 0.8 Tritium 0.61 pCi/g 0.106 110

B-419-020 4 Tritium 0.472 pCi/g 0.106 110

B-419-020 6 Tritium 0.87 pCi/g 0.106 110

B-419-021 1.3 Gross alpha 14.1 pCi/g 3.38 3.38 Y

B-419-021 1.3 Gross beta 8.9 pCi/g 4.47 4.47 Y

B-419-021 4 Lead 96 mg/kg 14.3 400

B-419-021 4 Mercury 0.078 mg/kg 0.0759 10

B-419-021 7 Mercury 0.085 mg/kg 0.0759 10

B-419-021 1.3 Tritium 9.8 pCi/g 0.106 110

B-419-021 4 Tritium 2.31 pCi/g 0.106 110

B-419-021 7 Tritium 1.47 pCi/g 0.106 110

B-419-021 9 Tritium 0.55 pCi/g 0.106 110

B-419-021 15 Tritium 0.28 pCi/g 0.106 110

B-419-022 2 Selenium 0.73 mg/kg 0.55 390

B-419-022 5 Selenium 0.74 mg/kg 0.55 390

B-419-022 10 Selenium 0.6 mg/kg 0.55 390

B-419-022 2 Tritium 0.6 pCi/g 0.106 110

B-419-022 5 Tritium 0.392 pCi/g 0.106 110

B-419-023 15 Mercury 0.12 mg/kg 0.0759 10

B-419-023 2 Selenium 0.57 mg/kg 0.55 390

B-419-023 2 Tritium 0.57 pCi/g 0.106 110

B-419-023 5 Tritium 1.33 pCi/g 0.106 110

B-419-024 1 Americium 241 0.68 pCi/g 0.062 1.8

B-419-024 1 Americium 241 0.77 pCi/g 0.062 1.8

B-419-024 1 Beryllium 0.74 mg/kg 0.55 160

B-419-024 2.5 Beryllium 0.56 mg/kg 0.55 160

B-419-024 2.5 Bis(2-ethylhexyl)phthalate 1.2 mg/kg - 35

B-419-024 5 Bis(2-ethylhexyl)phthalate 0.46 mg/kg - 35

B-419-024 1 Gross alpha 9.8 pCi/g 3.38 3.38 Y

B-419-024 2.5 Gross alpha 8.6 pCi/g 3.38 3.38 Y

B-419-024 1 Lead 16 mg/kg 14.3 400

B-419-024 2.5 Lead 61 mg/kg 14.3 400

B-419-024 1 Mercury 0.28 mg/kg 0.0759 10

B-419-024 2.5 Mercury 0.6 mg/kg 0.0759 10

B-419-024 5 Mercury 0.12 mg/kg 0.0759 10

B-419-024 1 PCB 1254 3.1 mg/kg - 0.22 Y

B-419-024 2.5 PCB 1254 6.9 mg/kg - 0.22 Y

B-419-024 5 PCB 1254 1 mg/kg - 0.22 Y

B-419-024 1 Plutonium 238 0.268 pCi/g 0.0355 2.95

B-419-024 1 Plutonium 239+240 2.52 pCi/g 0.046 2.58

B-419-024 1 Tritium 14.2 pCi/g 0.106 110

B-419-024 2.5 Tritium 11.6 pCi/g 0.106 110
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B-419-024 5 Tritium 5.99 pCi/g 0.106 110

B-419-024 10 Tritium 0.7 pCi/g 0.106 110

B-419-024 15 Tritium 0.391 pCi/g 0.106 110

B-419-024 1 Uranium 234 and Uranium 233 1.26 pCi/g 0.76 3.86

B-419-024 1 Uranium 238 0.89 pCi/g 0.717 4.48

B-419-024A 12 PCB 1254 0.042 mg/kg - 0.22

B-419-024A 12 Tritium 4.01 pCi/g 0.106 110

B-419-025 11 Bis(2-ethylhexyl)phthalate 0.8 mg/kg - 35

B-419-025 3 Mercury 0.1 mg/kg 0.0759 10

B-419-025 11 Mercury 0.1 mg/kg 0.0759 10

B-419-025 3 Tritium 1.06 pCi/g 0.106 110

B-419-025 3 Tritium 1.24 pCi/g 0.106 110

B-419-025 6 Tritium 0.97 pCi/g 0.106 110

B-419-026 6 Arsenic 10 mg/kg 7.59 11

B-419-026 11 Mercury 0.091 mg/kg 0.0759 10

B-419-027 1 Lead 27 mg/kg 14.3 400

B-419-027 1 Mercury 0.093 mg/kg 0.0759 10

B-419-027 6 Mercury 0.1 mg/kg 0.0759 10

B-419-027 11 Mercury 0.088 mg/kg 0.0759 10

B-419-028 1 Chromium 52 mg/kg 48.9 48.9 Y

B-419-028 1 Chromium 69 mg/kg 48.9 48.9 Y

B-419-028 3 Chromium 70 mg/kg 48.9 48.9 Y

B-419-028 11 Mercury 0.097 mg/kg 0.0759 10

B-419-028 1 Nickel 140 mg/kg 70.1 1500

B-419-028 3 Nickel 120 mg/kg 70.1 1500

B-419-028 1 PCB 1254 0.25 mg/kg - 0.22 Y

B-419-028 3 Tritium 0.283 pCi/g 0.106 110

B-419-028 3 Tritium 0.37 pCi/g 0.106 110

B-419-028 6 Tritium 4.78 pCi/g 0.106 110

B-419-028 11 Tritium 2.56 pCi/g 0.106 110

B-419-029 1 Chromium 100 mg/kg 48.9 48.9 Y

B-419-029 11 Mercury 0.082 mg/kg 0.0759 10

B-419-030 6 Arsenic 9.2 mg/kg 7.59 11

B-419-030 1 Chromium 110 mg/kg 48.9 48.9 Y

B-419-030 3 Chromium 71 mg/kg 48.9 48.9 Y

B-419-030 6 Chromium 59 mg/kg 48.9 48.9 Y

B-419-030 3 Mercury 0.21 mg/kg 0.0759 10

B-419-030 6 Mercury 0.089 mg/kg 0.0759 10

B-419-030 11 Mercury 0.086 mg/kg 0.0759 10

B-419-030 11 Tritium 0.77 pCi/g 0.106 110

B-419-031 5 Mercury 0.099 mg/kg 0.0759 10

B-419-031 15 Mercury 0.11 mg/kg 0.0759 10

B-419-031 1 Zinc 76 mg/kg 69.8 23000

B-419-032 0.8 Mercury 0.083 mg/kg 0.0759 10

B-419-032 0.8 Methylene chloride 0.0063 mg/kg - 11

B-419-032 10 Nickel 100 mg/kg 70.1 1500
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B-419-032 0.8 Tritium 0.5 pCi/g 0.106 110

B-419-032 5 Tritium 0.92 pCi/g 0.106 110

B-419-032 15 Tritium 0.225 pCi/g 0.106 110

B-419-032A 2 Tritium 0.37 pCi/g 0.106 110

B-419-033 1.6 Cobalt 19 mg/kg 16.7 660

B-419-033 2 Cobalt 21 mg/kg 16.7 660

B-419-033 1.6 Tritium 0.338 pCi/g 0.106 110

B-419-033 2 Tritium 0.313 pCi/g 0.106 110

B-419-034 2 Chromium 54 mg/kg 48.9 48.9 Y

B-419-034 5 Mercury 0.099 mg/kg 0.0759 10

B-419-034 2 Nickel 110 mg/kg 70.1 1500

B-419-034 1 Tetrachloroethene 0.0056 mg/kg - 0.55

B-419-034 2 Tetrachloroethene 0.0054 mg/kg - 0.55

B-419-034 2 Tritium 0.278 pCi/g 0.106 110

B-419-034 2.8 Tritium 0.41 pCi/g 0.106 110

B-419-034 5 Tritium 1.44 pCi/g 0.106 110

B-419-034 10 Tritium 1.8 pCi/g 0.106 110

B-419-034 15 Tritium 1.87 pCi/g 0.106 110

B-419-035 1 Cadmium 0.73 mg/kg 0.55 70

B-419-035 1 Chromium 54 mg/kg 48.9 48.9 Y

B-419-035 3 Chromium 52 mg/kg 48.9 48.9 Y

B-419-035 1 Mercury 0.19 mg/kg 0.0759 10

B-419-035 6 Mercury 0.085 mg/kg 0.0759 10

B-419-035 11 Mercury 0.11 mg/kg 0.0759 10

B-419-035 1 Nickel 140 mg/kg 70.1 1500

B-419-035 3 Nickel 110 mg/kg 70.1 1500

B-419-035 3 Tetrachloroethene 0.0044 mg/kg - 0.55

B-419-035 1 Tritium 0.213 pCi/g 0.106 110

B-419-036 1 Mercury 0.43 mg/kg 0.0759 10

B-419-036 11 Mercury 0.1 mg/kg 0.0759 10

B-419-036 1 Nickel 87 mg/kg 70.1 1500

B-419-036 1 PCB 1254 0.12 mg/kg - 0.22

B-419-036 11 Selenium 0.57 mg/kg 0.55 390

B-419-036 3 Tritium 0.305 pCi/g 0.106 110

B-419-036 16 Tritium 0.89 pCi/g 0.106 110

B-419-037 1 Antimony 2.9 mg/kg 2.2 31

B-419-037 1 Cadmium 0.61 mg/kg 0.55 70

B-419-037 1 Copper 170 mg/kg 35.8 3100

B-419-037 1 Lead 19 mg/kg 14.3 400

B-419-037 1 Mercury 17 mg/kg 0.0759 10 Y

B-419-037 1 Mercury 12 mg/kg 0.0759 10 Y

B-419-037 3 Mercury 0.2 mg/kg 0.0759 10

B-419-037 3 Mercury 0.21 mg/kg 0.0759 10

B-419-037 6 Mercury 0.13 mg/kg 0.0759 10

B-419-037 11 Mercury 0.084 mg/kg 0.0759 10

B-419-037 1 Molybdenum 5 mg/kg 1.1 390
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B-419-037 1 Molybdenum 1.5 mg/kg 1.1 390

B-419-037 1 Nickel 110 mg/kg 70.1 1500

B-419-037 1 PCB 1254 0.11 mg/kg - 0.22

B-419-037 1 PCB 1254 0.11 mg/kg - 0.22

B-419-037 1 Tritium 0.216 pCi/g 0.106 110

B-419-037 3 Tritium 4.16 pCi/g 0.106 110

B-419-037 3 Tritium 3.53 pCi/g 0.106 110

B-419-037 6 Tritium 7.8 pCi/g 0.106 110

B-419-037 11 Tritium 7.4 pCi/g 0.106 110

B-419-038 2 Americium 241 150 pCi/g 0.062 1.8 Y

B-419-038 2 Americium 241 132 pCi/g 0.062 1.8 Y

B-419-038 1 Beryllium 0.69 mg/kg 0.55 160

B-419-038 2 Beryllium 29 mg/kg 0.55 160

B-419-038 2.5 Beryllium 40 mg/kg 0.55 160

B-419-038 5 Beryllium 4.8 mg/kg 0.55 160

B-419-038 9 Beryllium 8.2 mg/kg 0.55 160

B-419-038 2 Cadmium 2.1 mg/kg 0.55 70

B-419-038 2.5 Cadmium 4 mg/kg 0.55 70

B-419-038 5 Cadmium 0.82 mg/kg 0.55 70

B-419-038 9 Cadmium 1 mg/kg 0.55 70

B-419-038 2 Cesium 137 1.08 pCi/g 0.16 4.02

B-419-038 2 Chromium 280 mg/kg 48.9 48.9 Y

B-419-038 2.5 Chromium 300 mg/kg 48.9 48.9 Y

B-419-038 5 Chromium 52 mg/kg 48.9 48.9 Y

B-419-038 9 Chromium 95 mg/kg 48.9 48.9 Y

B-419-038 2 Cobalt 56 1.12 pCi/g 0.428 0.651 Y

B-419-038 2 Copper 110 mg/kg 35.8 3100

B-419-038 2.5 Copper 200 mg/kg 35.8 3100

B-419-038 5 Copper 36 mg/kg 35.8 3100

B-419-038 9 Copper 64 mg/kg 35.8 3100

B-419-038 2 Curium 242 0.24 pCi/g 0.0143 320

B-419-038 1 Gross alpha 5.6 pCi/g 3.38 3.38 Y

B-419-038 2 Gross alpha 262 pCi/g 3.38 3.38 Y

B-419-038 2.5 Gross alpha 156 pCi/g 3.38 3.38 Y

B-419-038 5 Gross alpha 75 pCi/g 3.38 3.38 Y

B-419-038 9 Gross alpha 68 pCi/g 3.38 3.38 Y

B-419-038 15 Gross alpha 6.4 pCi/g 3.38 3.38 Y

B-419-038 2 Gross beta 9.8 pCi/g 4.47 4.47 Y

B-419-038 2.5 Gross beta 6.6 pCi/g 4.47 4.47 Y

B-419-038 9 Gross beta 5.3 pCi/g 4.47 4.47 Y

B-419-038 2 Hexavalent Chromium 8.3 mg/kg 2.2 2.2 Y

B-419-038 2.5 Hexavalent Chromium 12 mg/kg 2.2 2.2 Y

B-419-038 9 Hexavalent Chromium 4.5 mg/kg 2.2 2.2 Y

B-419-038 1 Lead 220 mg/kg 14.3 400

B-419-038 2 Lead 230 mg/kg 14.3 400

B-419-038 2.5 Lead 230 mg/kg 14.3 400
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B-419-038 5 Lead 60 mg/kg 14.3 400

B-419-038 9 Lead 130 mg/kg 14.3 400

B-419-038 1 Mercury 0.65 mg/kg 0.0759 10

B-419-038 2 Mercury 66 mg/kg 0.0759 10 Y

B-419-038 2.5 Mercury 15 mg/kg 0.0759 10 Y

B-419-038 5 Mercury 8.8 mg/kg 0.0759 10

B-419-038 9 Mercury 25 mg/kg 0.0759 10 Y

B-419-038 15 Mercury 0.19 mg/kg 0.0759 10

B-419-038 2.5 Nickel 91 mg/kg 70.1 1500

B-419-038 1 PCB 1248 0.13 mg/kg - 0.22

B-419-038 2 PCB 1254 2 mg/kg - 0.22 Y

B-419-038 2.5 PCB 1254 0.99 mg/kg - 0.22 Y

B-419-038 5 PCB 1254 0.23 mg/kg - 0.22 Y

B-419-038 9 PCB 1254 0.51 mg/kg - 0.22 Y

B-419-038 2 Plutonium 238 1.07 pCi/g 0.0355 2.95

B-419-038 2 Plutonium 239+240 32.2 pCi/g 0.046 2.58 Y

B-419-038 2 Silver 1.8 mg/kg 1.1 390

B-419-038 2.5 Silver 1.2 mg/kg 1.1 390

B-419-038 2 Strontium 90 1.15 pCi/g 0.264 0.344 Y

B-419-038 9 Tetrachloroethene 0.004 mg/kg - 0.55

B-419-038 1 Tritium 390 pCi/g 0.106 110 Y

B-419-038 2 Tritium 192 pCi/g 0.106 110 Y

B-419-038 2.5 Tritium 243 pCi/g 0.106 110 Y

B-419-038 5 Tritium 323 pCi/g 0.106 110 Y

B-419-038 9 Tritium 240 pCi/g 0.106 110 Y

B-419-038 15 Tritium 1360 pCi/g 0.106 110 Y

B-419-038 2 Uranium 234 and Uranium 233 2.7 pCi/g 0.76 3.86

B-419-038 2 Uranium 235 and Uranium 236 0.129 pCi/g 0.0904 0.192

B-419-038 2 Uranium 238 1.45 pCi/g 0.717 4.48

B-419-038 2 Zinc 130 mg/kg 69.8 23000

B-419-038 2.5 Zinc 170 mg/kg 69.8 23000

B-419-038 9 Zinc 71 mg/kg 69.8 23000

B-419-039 1 Chromium 53 mg/kg 48.9 48.9 Y

B-419-039 3 Chromium 150 mg/kg 48.9 48.9 Y

B-419-039 3 Cobalt 30 mg/kg 16.7 660

B-419-039 1 Mercury 2.8 mg/kg 0.0759 10

B-419-039 3 Mercury 0.21 mg/kg 0.0759 10

B-419-039 1 Nickel 160 mg/kg 70.1 1500

B-419-039 3 Nickel 430 mg/kg 70.1 1500

B-419-039 1 PCB 1254 0.22 mg/kg - 0.22

B-419-039 11 Tritium 0.422 pCi/g 0.106 110

B-419-040 105 1,1-Dichloroethene 0.012 mg/kg - 240

B-419-040 70 1,2-Dichloroethane 0.015 mg/kg - 0.43

B-419-040 75 1,2-Dichloroethane 0.0086 mg/kg - 0.43

B-419-040 80 1,2-Dichloroethane 0.031 mg/kg - 0.43

B-419-040 85 1,2-Dichloroethane 0.062 mg/kg - 0.43
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B-419-040 85 1,2-Dichloroethane 0.067 mg/kg - 0.43

B-419-040 90 1,2-Dichloroethane 0.061 mg/kg - 0.43

B-419-040 95 1,2-Dichloroethane 0.023 mg/kg - 0.43

B-419-040 30 Barium 350 mg/kg 332 15000

B-419-040 40 Beryllium 0.56 mg/kg 0.55 160

B-419-040 70 Beryllium 0.6 mg/kg 0.55 160

B-419-040 85 Beryllium 0.62 mg/kg 0.55 160

B-419-040 85 Beryllium 0.61 mg/kg 0.55 160

B-419-040 95 Carbon tetrachloride 0.0052 mg/kg - 0.61

B-419-040 105 Carbon tetrachloride 0.0043 mg/kg - 0.61

B-419-040 75 Chromium 51 mg/kg 48.9 48.9 Y

B-419-040 105 Chromium 73 mg/kg 48.9 48.9 Y

B-419-040 105 Cobalt 29 mg/kg 16.7 660

B-419-040 5 Mercury 0.092 mg/kg 0.0759 10

B-419-040 10 Mercury 0.092 mg/kg 0.0759 10

B-419-040 15 Mercury 0.1 mg/kg 0.0759 10

B-419-040 30 Mercury 0.085 mg/kg 0.0759 10

B-419-040 50 Mercury 0.084 mg/kg 0.0759 10

B-419-040 15 Methylene chloride 0.015 mg/kg - 11

B-419-040 105 Nickel 170 mg/kg 70.1 1500

B-419-040 15 Selenium 0.61 mg/kg 0.55 390

B-419-040 85 Tetrachloroethene 0.0051 mg/kg - 0.55

B-419-040 95 Tetrachloroethene 0.0093 mg/kg - 0.55

B-419-040 105 Tetrachloroethene 0.0049 mg/kg - 0.55

B-419-040 50 Trichloroethene 0.0049 mg/kg - 0.91

B-419-040 70 Trichloroethene 0.0058 mg/kg - 0.91

B-419-040 80 Trichloroethene 0.017 mg/kg - 0.91

B-419-040 85 Trichloroethene 0.097 mg/kg - 0.91

B-419-040 85 Trichloroethene 0.063 mg/kg - 0.91

B-419-040 90 Trichloroethene 0.067 mg/kg - 0.91

B-419-040 95 Trichloroethene 0.28 mg/kg - 0.91

B-419-040 100 Trichloroethene 0.19 mg/kg - 0.91

B-419-040 105 Trichloroethene 0.16 mg/kg - 0.91

B-419-040 5 Tritium 18.2 pCi/g 0.106 110

B-419-040 10 Tritium 4.47 pCi/g 0.106 110

B-419-040 15 Tritium 23.8 pCi/g 0.106 110

B-419-040 20 Tritium 67.3 pCi/g 0.106 110

B-419-040 25 Tritium 14 pCi/g 0.106 110

B-419-040 30 Tritium 12.7 pCi/g 0.106 110

B-419-040 35 Tritium 79 pCi/g 0.106 110

B-419-040 40 Tritium 62.6 pCi/g 0.106 110

B-419-040 45 Tritium 50.8 pCi/g 0.106 110

B-419-040 50 Tritium 41.7 pCi/g 0.106 110

B-419-040 55 Tritium 60.1 pCi/g 0.106 110

B-419-040 60 Tritium 53.5 pCi/g 0.106 110

B-419-040 65 Tritium 41.1 pCi/g 0.106 110
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B-419-040 70 Tritium 54 pCi/g 0.106 110

B-419-040 75 Tritium 13.4 pCi/g 0.106 110

B-419-040 80 Tritium 27.1 pCi/g 0.106 110

B-419-040 85 Tritium 5.82 pCi/g 0.106 110

B-419-040 85 Tritium 13.5 pCi/g 0.106 110

B-419-040 90 Tritium 28 pCi/g 0.106 110

B-419-040 95 Tritium 8.9 pCi/g 0.106 110

B-419-040 100 Tritium 0.53 pCi/g 0.106 110

B-419-040 105 Vanadium 46 mg/kg 43.7 390

B-419-041 100 1,1-Dichloroethene 0.018 mg/kg - 240

B-419-041 75 1,2-Dichloroethane 0.01 mg/kg - 0.43

B-419-041 80 1,2-Dichloroethane 0.017 mg/kg - 0.43

B-419-041 80 1,2-Dichloroethane 0.026 mg/kg - 0.43

B-419-041 85 1,2-Dichloroethane 0.021 mg/kg - 0.43

B-419-041 90 1,2-Dichloroethane 0.016 mg/kg - 0.43

B-419-041 95 1,2-Dichloroethane 0.007 mg/kg - 0.43

B-419-041 75 Acetone 0.018 mg/kg - 61000

B-419-041 35 Beryllium 0.61 mg/kg 0.55 160

B-419-041 85 Beryllium 0.58 mg/kg 0.55 160

B-419-041 100 Carbon tetrachloride 0.009 mg/kg - 0.61

B-419-041 15 Chromium 72 mg/kg 48.9 48.9 Y

B-419-041 10 Mercury 0.11 mg/kg 0.0759 10

B-419-041 20 Mercury 0.077 mg/kg 0.0759 10

B-419-041 20 Mercury 0.082 mg/kg 0.0759 10

B-419-041 45 Mercury 0.13 mg/kg 0.0759 10

B-419-041 100 Tetrachloroethene 0.0095 mg/kg - 0.55

B-419-041 75 Trichloroethene 0.0063 mg/kg - 0.91

B-419-041 80 Trichloroethene 0.012 mg/kg - 0.91

B-419-041 80 Trichloroethene 0.019 mg/kg - 0.91

B-419-041 85 Trichloroethene 0.023 mg/kg - 0.91

B-419-041 90 Trichloroethene 0.022 mg/kg - 0.91

B-419-041 95 Trichloroethene 0.076 mg/kg - 0.91

B-419-041 100 Trichloroethene 0.43 mg/kg - 0.91

B-419-041 5 Tritium 19.8 pCi/g 0.106 110

B-419-041 10 Tritium 19.9 pCi/g 0.106 110

B-419-041 15 Tritium 116 pCi/g 0.106 110 Y

B-419-041 20 Tritium 1910 pCi/g 0.106 110 Y

B-419-041 20 Tritium 990 pCi/g 0.106 110 Y

B-419-041 25 Tritium 359 pCi/g 0.106 110 Y

B-419-041 30 Tritium 890 pCi/g 0.106 110 Y

B-419-041 35 Tritium 990 pCi/g 0.106 110 Y

B-419-041 40 Tritium 468 pCi/g 0.106 110 Y

B-419-041 45 Tritium 277 pCi/g 0.106 110 Y

B-419-041 50 Tritium 311 pCi/g 0.106 110 Y

B-419-041 55 Tritium 220 pCi/g 0.106 110 Y

B-419-041 60 Tritium 117 pCi/g 0.106 110 Y
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B-419-041 65 Tritium 57.2 pCi/g 0.106 110

B-419-041 70 Tritium 102 pCi/g 0.106 110

B-419-041 75 Tritium 40.5 pCi/g 0.106 110

B-419-041 80 Tritium 40.4 pCi/g 0.106 110

B-419-041 80 Tritium 62.8 pCi/g 0.106 110

B-419-041 85 Tritium 19.6 pCi/g 0.106 110

B-419-041 90 Tritium 34.2 pCi/g 0.106 110

B-419-041 95 Tritium 4.53 pCi/g 0.106 110

B-419-041 100 Tritium 1.02 pCi/g 0.106 110

B-419-042A 1 Acetone 0.023 mg/kg - 61000

B-419-042A 1 Barium 460 mg/kg 332 15000

B-419-042A 1 Beryllium 2.8 mg/kg 0.55 160

B-419-042A 1 Cadmium 2.6 mg/kg 0.55 70

B-419-042A 1 Cobalt 130 mg/kg 16.7 660

B-419-042A 1 Lead 80 mg/kg 14.3 400

B-419-042A 1 Mercury 6.8 mg/kg 0.0759 10

B-419-042A 1 PCB 1254 3.2 mg/kg - 0.22 Y

B-419-042A 1 Silver 9 mg/kg 1.1 390

B-419-042A 1 Tritium 4.16 pCi/g 0.106 110

B-419-042A 1 Zinc 180 mg/kg 69.8 23000

B-419-042B 1 Acetone 0.04 mg/kg - 61000

B-419-042B 1 Beryllium 3.9 mg/kg 0.55 160

B-419-042B 1 Cadmium 0.68 mg/kg 0.55 70

B-419-042B 1 Cobalt 170 mg/kg 16.7 660

B-419-042B 1 Lead 140 mg/kg 14.3 400

B-419-042B 1 Mercury 0.74 mg/kg 0.0759 10

B-419-042B 1 PCB 1254 5 mg/kg - 0.22 Y

B-419-042B 1 Silver 2.7 mg/kg 1.1 390

B-419-042B 1 Tritium 0.63 pCi/g 0.106 110

B-419-042B 1 Zinc 120 mg/kg 69.8 23000

B-419-043 1 Antimony 2.9 mg/kg 2.2 31

B-419-043 1 Benzo(a)anthracene 0.37 mg/kg - 4

B-419-043 1 Benzo(b)fluoranthene 0.42 mg/kg - 4

B-419-043 1 Chrysene 0.41 mg/kg - 15

B-419-043 1 Cobalt 50 mg/kg 16.7 660

B-419-043 1 Copper 67 mg/kg 35.8 3100

B-419-043 1 Fluoranthene 0.84 mg/kg - 2300

B-419-043 1 Lead 34 mg/kg 14.3 400

B-419-043 1 Molybdenum 7 mg/kg 1.1 390

B-419-043 1 Phenanthrene 0.77 mg/kg - 4

B-419-043 1 Pyrene 0.74 mg/kg - 1700

B-419-043 1 Zinc 97 mg/kg 69.8 23000

B-419-044 1 Cobalt 94 mg/kg 16.7 660

B-419-044 1 Lead 25 mg/kg 14.3 400

B-419-044 1 Mercury 1.7 mg/kg 0.0759 10

B-419-044 1 Silver 1.2 mg/kg 1.1 390
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B-419-045 1 Cadmium 1.1 mg/kg 0.55 70

B-419-045 1 Cobalt 150 mg/kg 16.7 660

B-419-045 1 Silver 4.7 mg/kg 1.1 390

B-419-046 1 Beryllium 2.3 mg/kg 0.55 160

B-419-046 10 Beryllium 2.1 mg/kg 0.55 160

B-419-046 10 Cadmium 1.2 mg/kg 0.55 70

B-419-046 10 Copper 41 mg/kg 35.8 3100

B-419-046 1 Gross alpha 18.7 pCi/g 3.38 3.38 Y

B-419-046 5 Gross alpha 5.5 pCi/g 3.38 3.38 Y

B-419-046 10 Gross alpha 17.4 pCi/g 3.38 3.38 Y

B-419-046 1 Gross beta 6.6 pCi/g 4.47 4.47 Y

B-419-046 1 Lead 210 mg/kg 14.3 400

B-419-046 5 Lead 50 mg/kg 14.3 400

B-419-046 10 Lead 330 mg/kg 14.3 400

B-419-046 1 Mercury 1.2 mg/kg 0.0759 10

B-419-046 5 Mercury 0.99 mg/kg 0.0759 10

B-419-046 10 Mercury 3.6 mg/kg 0.0759 10

B-419-046 15 Mercury 0.32 mg/kg 0.0759 10

B-419-046 1 PCB 1254 0.097 mg/kg - 0.22

B-419-046 10 PCB 1254 0.06 mg/kg - 0.22

B-419-046 15 PCB 1254 0.046 mg/kg - 0.22

B-419-046 1 Tritium 232 pCi/g 0.106 110 Y

B-419-046 5 Tritium 367 pCi/g 0.106 110 Y

B-419-046 10 Tritium 740 pCi/g 0.106 110 Y

B-419-046 15 Tritium 291 pCi/g 0.106 110 Y

B-419-047 1 Acetone 0.029 mg/kg - 61000

B-419-047 1 Mercury 0.3 mg/kg 0.0759 10

B-419-047 5 Mercury 0.21 mg/kg 0.0759 10

B-419-047 1 PCB 1254 0.038 mg/kg - 0.22

B-419-047 5 Selenium 0.56 mg/kg 0.55 390

B-419-047 1 Tritium 97 pCi/g 0.106 110

B-419-047 5 Tritium 98 pCi/g 0.106 110

B-419-047 10 Tritium 14.7 pCi/g 0.106 110

B-419-047 15 Tritium 17.7 pCi/g 0.106 110

B-419-048 1 Acetone 0.43 mg/kg - 61000

B-419-048 5 Beryllium 0.57 mg/kg 0.55 160

B-419-048 10 Beryllium 0.62 mg/kg 0.55 160

B-419-048 10 Chromium 52 mg/kg 48.9 48.9 Y

B-419-048 15 Chromium 55 mg/kg 48.9 48.9 Y

B-419-048 5 Gross alpha 3.5 pCi/g 3.38 3.38 Y

B-419-048 10 Gross alpha 3.6 pCi/g 3.38 3.38 Y

B-419-048 5 Lead 16 mg/kg 14.3 400

B-419-048 1 Mercury 0.095 mg/kg 0.0759 10

B-419-048 5 Mercury 0.41 mg/kg 0.0759 10

B-419-048 10 Mercury 0.8 mg/kg 0.0759 10

B-419-048 15 Mercury 0.29 mg/kg 0.0759 10



Sample Location Depth  
(Feet) Analyte Result Unit Site Background 

Level

Bldg 419   Clean 
Closure 

Standards 

Above Screening 
Levels 

(Y=yes)

B-419-048 5 PCB 1254 0.096 mg/kg - 0.22

B-419-048 10 PCB 1254 0.1 mg/kg - 0.22

B-419-048 15 PCB 1254 0.19 mg/kg - 0.22

B-419-048 5 Tetrachloroethene 0.0072 mg/kg - 0.55

B-419-048 1 Tritium 242 pCi/g 0.106 110 Y

B-419-048 5 Tritium 1420 pCi/g 0.106 110 Y

B-419-048 10 Tritium 1380 pCi/g 0.106 110 Y

B-419-048 15 Tritium 427 pCi/g 0.106 110 Y

B-419-049 1 Gross alpha 3.5 pCi/g 3.38 3.38 Y

B-419-049 1 Hexavalent Chromium 3.2 mg/kg 2.2 2.2 Y

B-419-049 1 Mercury 0.27 mg/kg 0.0759 10

B-419-049 5 Mercury 0.25 mg/kg 0.0759 10

B-419-049 10 Mercury 0.27 mg/kg 0.0759 10

B-419-049 5 PCB 1254 0.081 mg/kg - 0.22

B-419-049 10 PCB 1254 0.074 mg/kg - 0.22

B-419-049 1 Tritium 1180 pCi/g 0.106 110 Y

B-419-049 5 Tritium 1680 pCi/g 0.106 110 Y

B-419-049 10 Tritium 1740 pCi/g 0.106 110 Y

B-419-049 15 Tritium 1440 pCi/g 0.106 110 Y

B-419-050 1 Beryllium 1.3 mg/kg 0.55 160

B-419-050 1.5 Beryllium 1.7 mg/kg 0.55 160

B-419-050 1 Gross alpha 3.6 pCi/g 3.38 3.38 Y

B-419-050 5 Gross alpha 4 pCi/g 3.38 3.38 Y

B-419-050 1 Lead 150 mg/kg 14.3 400

B-419-050 1.5 Lead 300 mg/kg 14.3 400

B-419-050 1 Mercury 13 mg/kg 0.0759 10 Y

B-419-050 1.5 Mercury 22 mg/kg 0.0759 10 Y

B-419-050 5 Mercury 0.17 mg/kg 0.0759 10

B-419-050 10 Mercury 0.2 mg/kg 0.0759 10

B-419-050 14.5 Mercury 0.09 mg/kg 0.0759 10

B-419-050 1 PCB 1248 0.28 mg/kg - 0.22 Y

B-419-050 1.5 PCB 1248 0.26 mg/kg - 0.22 Y

B-419-050 1 Tritium 1330 pCi/g 0.106 110 Y

B-419-050 1.5 Tritium 451 pCi/g 0.106 110 Y

B-419-050 5 Tritium 1130 pCi/g 0.106 110 Y

B-419-050 10 Tritium 1430 pCi/g 0.106 110 Y

B-419-050 14.5 Tritium 1350 pCi/g 0.106 110 Y

B-419-051 5 Mercury 0.17 mg/kg 0.0759 10

B-419-051 10 Mercury 0.11 mg/kg 0.0759 10

B-419-051 15 Mercury 0.087 mg/kg 0.0759 10

B-419-051 1 Tetrachloroethene 0.0044 mg/kg - 0.55

B-419-051 1 Tritium 9.4 pCi/g 0.106 110

B-419-051 5 Tritium 99 pCi/g 0.106 110

B-419-051 10 Tritium 17.7 pCi/g 0.106 110

B-419-051 15 Tritium 5.33 pCi/g 0.106 110

B-419-101 7 Mercury 0.093 mg/kg 0.0759 10



Sample Location Depth  
(Feet) Analyte Result Unit Site Background 

Level

Bldg 419   Clean 
Closure 

Standards 

Above Screening 
Levels 

(Y=yes)

B-419-101 10 Mercury 0.39 mg/kg 0.0759 10

B-419-101 7 Tritium 228 pCi/g 0.106 110 Y

B-419-101 10 Tritium 1130 pCi/g 0.106 110 Y

B-419-102 1 Mercury 0.096 mg/kg 0.0759 10

B-419-103 10 Mercury 0.19 mg/kg 0.0759 10

B-419-103 25 Trichloroethene 0.011 mg/kg - 0.91

B-419-103 7 Tritium 0.207 pCi/g 0.106 110

B-419-103 10 Tritium 1.8 pCi/g 0.106 110

B-419-104 7 Mercury 0.1 mg/kg 0.0759 10

B-419-104 10 Mercury 0.086 mg/kg 0.0759 10

B-419-104 7 Tritium 0.74 pCi/g 0.106 110

B-419-104 10 Tritium 0.89 pCi/g 0.106 110

B-419-105 25 Bis(2-ethylhexyl)phthalate 0.42 mg/kg - 35

B-419-106 7 Mercury 0.084 mg/kg 0.0759 10

B-419-R124-001 3 Acetone 0.1 mg/kg - 61000

B-419-R124-001 5 Acetone 0.02 mg/kg - 61000

B-419-R124-001 3 Americium 241 0.159 pCi/g 0.062 1.8

B-419-R124-001 3 Beryllium 0.76 mg/kg 0.55 160

B-419-R124-001 3 Gross alpha 21.2 pCi/g 3.38 3.38 Y

B-419-R124-001 3 Gross beta 28.1 pCi/g 4.47 4.47 Y

B-419-R124-001 3 Mercury 4.3 mg/kg 0.0759 10

B-419-R124-001 5 Mercury 0.14 mg/kg 0.0759 10

B-419-R124-001 3 Molybdenum 2.1 mg/kg 1.1 390

B-419-R124-001 3 Plutonium 239+240 0.64 pCi/g 0.046 2.58

B-419-R124-001 3 Thorium 234 30 pCi/g 2.44 1270

B-419-R124-001 3 Tritium 2.2 pCi/g 0.106 110

B-419-R124-001 5 Tritium 0.482 pCi/g 0.106 110

B-419-R124-001 10 Tritium 0.69 pCi/g 0.106 110

B-419-R124-001 3 Uranium 234 and Uranium 233 18.4 pCi/g 0.76 3.86 Y

B-419-R124-001 3 Uranium 235 and Uranium 236 1.39 pCi/g 0.0904 0.192 Y

B-419-R124-001 3 Uranium 238 46 pCi/g 0.717 4.48 Y

B-419-R124-002 3.5 Acetone 0.053 mg/kg - 61000

B-419-R124-002 5 Acetone 0.041 mg/kg - 61000

B-419-R124-002 3.5 Lead 29 mg/kg 14.3 400

B-419-R124-002 3.5 Tritium 0.57 pCi/g 0.106 110

B-419-R124-002 5 Tritium 0.208 pCi/g 0.106 110

B-419-R124-002 10 Tritium 0.65 pCi/g 0.106 110

B-419-R124-002 15 Tritium 0.229 pCi/g 0.106 110

B-419-R124-003 3 Chromium 110 mg/kg 48.9 48.9 Y

B-419-R124-003 5 Copper 52 mg/kg 35.8 3100

B-419-R124-003 3 Nickel 160 mg/kg 70.1 1500

B-419-R124-003 15 Tritium 0.259 pCi/g 0.106 110

B-419-R124-004 5 Acetone 0.086 mg/kg - 61000

B-419-R124-004 3 Lead 120 mg/kg 14.3 400

B-419-R124-004 3 Mercury 0.14 mg/kg 0.0759 10

B-419-R124-004 5 Tritium 1.69 pCi/g 0.106 110



Sample Location Depth  
(Feet) Analyte Result Unit Site Background 

Level

Bldg 419   Clean 
Closure 

Standards 

Above Screening 
Levels 

(Y=yes)

B-419-R124-004 10 Tritium 1.11 pCi/g 0.106 110

B-419-R124-004 15 Tritium 0.208 pCi/g 0.106 110
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Composite Area Sample Location Analyte Result Units

Area1 B-419-COMP-001 Chromium 35 mg/kg

Area1 B-419-COMP-001 Hexavalent Chromium 3.4 mg/kg

Area1 B-419-COMP-001 Cobalt 8.3 mg/kg

Area1 B-419-COMP-001 Copper 39 mg/kg

Area1 B-419-COMP-001 Diesel Fuel 12 mg/kg

Area1 B-419-COMP-001 Lead 5.9 mg/kg

Area1 B-419-COMP-001 Mercury 0.061 mg/kg

Area1 B-419-COMP-001 Methylene chloride 78 ug/L*

Area1 B-419-COMP-001 Nickel 46 mg/kg

Area1 B-419-COMP-001 PCB 1254 88 ug/kg

Area1 B-419-COMP-001 Tritium 25.1 pCi/g

Area1 B-419-COMP-001 Vanadium 32 mg/kg

Area1 B-419-COMP-001 Zinc 57 mg/kg

Area1 B-419-COMP-001 Arsenic 5.8 mg/kg

Area1 B-419-COMP-001 Barium 150 mg/kg

Area2 B-419-COMP-002 Chromium 34 mg/kg

Area2 B-419-COMP-002 Hexavalent Chromium 2.6 mg/kg

Area2 B-419-COMP-002 Cobalt 7.9 mg/kg

Area2 B-419-COMP-002 Copper 43 mg/kg

Area2 B-419-COMP-002 Nickel 43 mg/kg

Area2 B-419-COMP-002 Methylene chloride 120 ug/L*

Area2 B-419-COMP-002 Methylene chloride 6.7 ug/kg

Area2 B-419-COMP-002 Molybdenum 1.8 mg/kg

Area2 B-419-COMP-002 Lead 4.3 mg/kg

Area2 B-419-COMP-002 Zinc 49 mg/kg

Area2 B-419-COMP-002 Acetone 21 ug/kg

Area2 B-419-COMP-002 Arsenic 3.6 mg/kg

Area2 B-419-COMP-002 Barium 160 mg/kg

Area2 B-419-COMP-002 Tritium 108 pCi/g

Area2 B-419-COMP-002 Vanadium 28 mg/kg

Area2 B-419-R167-001 Protactinium 234m 115 pCi/g

Area2 B-419-R167-001 Gross alpha 21.6 pCi/g

Area2 B-419-R167-001 Gross alpha 25.7 pCi/g

Area2 B-419-R167-001 Gross beta 58.4 pCi/g

Area2 B-419-R167-001 Gross beta 72 pCi/g

Area2 B-419-R167-001 Lead 214 0.68 pCi/g

Area2 B-419-R167-001 Cesium 137 10.7 pCi/g

Area2 B-419-R167-001 Cesium 137 14.3 pCi/g

Area2 B-419-R167-001 Curium 244 0.167 pCi/g



Composite Area Sample Location Analyte Result Units

Area2 B-419-R167-001 Americium 241 1.06 pCi/g

Area2 B-419-R167-001 Americium 241 2.8 pCi/g

Area2 B-419-R167-001 Americium 241 1.9 pCi/g

Area2 B-419-R167-001 Silver 110m 0.22 pCi/g

Area2 B-419-R167-001 Strontium 90 4.1 pCi/g

Area2 B-419-R167-001 Strontium 90 6.1 pCi/g

Area2 B-419-R167-001 Thorium 230 0.264 pCi/g

Area2 B-419-R167-001 Thorium 230 0.309 pCi/g

Area2 B-419-R167-001 Thorium 232 0.298 pCi/g

Area2 B-419-R167-001 Thorium 232 0.285 pCi/g

Area2 B-419-R167-001 Thorium 228 0.3 pCi/g

Area2 B-419-R167-001 Thorium 228 0.235 pCi/g

Area2 B-419-R167-001 Thorium 234 25.2 pCi/g

Area2 B-419-R167-001 Thorium 234 92 pCi/g

Area2 B-419-R167-001 Tritium 44.7 pCi/g

Area2 B-419-R167-001 Tritium 34.7 pCi/g

Area2 B-419-R167-001 Uranium 235 1.84 pCi/g

Area2 B-419-R167-001 Uranium 234 and Uranium 233 14.6 pCi/g

Area2 B-419-R167-001 Uranium 234 and Uranium 233 13.9 pCi/g

Area2 B-419-R167-001 Uranium 235 and Uranium 236 1.41 pCi/g

Area2 B-419-R167-001 Uranium 235 and Uranium 236 1.2 pCi/g

Area2 B-419-R167-001 Uranium 238 53.7 pCi/g

Area2 B-419-R167-001 Uranium 238 54.8 pCi/g

Area2 B-419-R167-001 Niobium 95 0.3 pCi/g

Area2 B-419-R167-001 Plutonium 238 0.209 pCi/g

Area2 B-419-R167-001 Plutonium 238 1.53 pCi/g

Area2 B-419-R167-001 Plutonium 239+240 3.08 pCi/g

Area2 B-419-R167-001 Plutonium 239+240 4.24 pCi/g

Area2 B-419-R167-001 Potassium 40 7.9 pCi/g

Area3 B-419-014 Zinc 0.58 mg/L*

Area3 B-419-014 Zinc 44 mg/kg

Area3 B-419-014 1,3,5-Trimethylbenzene 130 ug/kg

Area3 B-419-014 Arsenic 8.6 mg/kg

Area3 B-419-014 Barium 2.9 mg/L*

Area3 B-419-014 Barium 0.59 mg/L*

Area3 B-419-014 Tritium 0.382 pCi/g

Area3 B-419-014 Vanadium 0.16 mg/L*

Area3 B-419-014 Vanadium 31 mg/kg

Area3 B-419-014 1,2,4-Trimethylbenzene 17 ug/L*



Composite Area Sample Location Analyte Result Units

Area3 B-419-014 1,2,4-Trimethylbenzene 440 ug/kg

Area3 B-419-014 Barium 120 mg/kg

Area3 B-419-014 Molybdenum 0.34 mg/L*

Area3 B-419-014 Molybdenum 85 mg/kg

Area3 B-419-014 Naphthalene 12 ug/L*

Area3 B-419-014 Naphthalene 140 ug/kg

Area3 B-419-014 Methylene chloride 210 ug/L*

Area3 B-419-014 Nickel 0.69 mg/L*

Area3 B-419-014 Nickel 440 mg/kg

Area3 B-419-014 Selenium 12 mg/kg

Area3 B-419-014 Diesel Fuel 23 mg/kg

Area3 B-419-014 Gasoline fingerprint 3 mg/kg

Area3 B-419-014 Lead 0.065 mg/L*

Area3 B-419-014 Lead 15 mg/kg

Area3 B-419-014 Copper 1.4 mg/L*

Area3 B-419-014 Copper 180 mg/kg

Area3 B-419-014 Cobalt 0.11 mg/L*

Area3 B-419-014 Cobalt 15 mg/kg

Area3 B-419-014 Chromium 0.42 mg/L*

Area3 B-419-014 Chromium 760 mg/kg

Area3 B-419-COMP-003 Chromium 36 mg/kg

Area3 B-419-COMP-003 Hexavalent Chromium 4.8 mg/kg

Area3 B-419-COMP-003 Cobalt 7.8 mg/kg

Area3 B-419-COMP-003 Copper 53 mg/kg

Area3 B-419-COMP-003 Nickel 45 mg/kg

Area3 B-419-COMP-003 Methylene chloride 84 ug/L*

Area3 B-419-COMP-003 Molybdenum 4.2 mg/kg

Area3 B-419-COMP-003 Lead 5 mg/kg

Area3 B-419-COMP-003 Mercury 0.053 mg/kg

Area3 B-419-COMP-003 Gross beta 2.5 pCi/g

Area3 B-419-COMP-003 Diesel Fuel 6.3 mg/kg

Area3 B-419-COMP-003 Zinc 73 mg/kg

Area3 B-419-COMP-003 Arsenic 4.7 mg/kg

Area3 B-419-COMP-003 Barium 200 mg/kg

Area3 B-419-COMP-003 Tritium 0.429 pCi/g

Area3 B-419-COMP-003 Vanadium 43 mg/kg

Area4 B-419-021 Potassium 40 3.2 pCi/g

Area4 B-419-021 Thallium 208 0.28 pCi/g

Area4 B-419-021 Thorium 230 0.425 pCi/g



Composite Area Sample Location Analyte Result Units

Area4 B-419-021 Thorium 230 0.39 pCi/g

Area4 B-419-021 Thorium 232 0.286 pCi/g

Area4 B-419-021 Thorium 232 0.269 pCi/g

Area4 B-419-021 Thorium 228 0.16 pCi/g

Area4 B-419-021 Thorium 228 0.325 pCi/g

Area4 B-419-021 Tritium 18 pCi/g

Area4 B-419-021 Tritium 19.1 pCi/g

Area4 B-419-021 Uranium 234 and Uranium 233 0.31 pCi/g

Area4 B-419-021 Uranium 234 and Uranium 233 0.32 pCi/g

Area4 B-419-021 Uranium 238 0.37 pCi/g

Area4 B-419-021 Uranium 238 0.287 pCi/g

Area4 B-419-021 Bismuth 212 2 pCi/g

Area4 B-419-021 Lead 212 0.3 pCi/g

Area4 B-419-COMP-004 Zinc 35 mg/kg

Area4 B-419-COMP-004 Arsenic 3.4 mg/kg

Area4 B-419-COMP-004 Barium 100 mg/kg

Area4 B-419-COMP-004 Tritium 4.7 pCi/g

Area4 B-419-COMP-004 Vanadium 30 mg/kg

Area4 B-419-COMP-004 2,4,5-TP (Silvex) 0.00058 mg/L*

Area4 B-419-COMP-004 Nickel 40 mg/kg

Area4 B-419-COMP-004 Methylene chloride 82 ug/L*

Area4 B-419-COMP-004 Methylene chloride 6.4 ug/kg

Area4 B-419-COMP-004 Lead 5.3 mg/kg

Area4 B-419-COMP-004 Mercury 0.72 mg/kg

Area4 B-419-COMP-004 Chromium 30 mg/kg

Area4 B-419-COMP-004 Hexavalent Chromium 2.1 mg/kg

Area4 B-419-COMP-004 Cobalt 8.7 mg/kg

Area4 B-419-COMP-004 Copper 37 mg/kg

Area4 B-419-COMP-004A Cobalt 6.7 mg/kg

Area4 B-419-COMP-004A Copper 42 mg/kg

Area4 B-419-COMP-004A Chromium 23 mg/kg

Area4 B-419-COMP-004A Gross beta 2.67 pCi/g

Area4 B-419-COMP-004A Methylene chloride 110 ug/L*

Area4 B-419-COMP-004A Methylene chloride 9.1 ug/kg

Area4 B-419-COMP-004A Lead 3.7 mg/kg

Area4 B-419-COMP-004A Nickel 34 mg/kg

Area4 B-419-COMP-004A Tritium 1.01 pCi/g

Area4 B-419-COMP-004A Vanadium 17 mg/kg

Area4 B-419-COMP-004A Zinc 33 mg/kg



Composite Area Sample Location Analyte Result Units

Area4 B-419-COMP-004A Arsenic 2.7 mg/kg

Area4 B-419-COMP-004A Barium 130 mg/kg

Area5 B-419-COMP-005 Vanadium 49 mg/kg

Area5 B-419-COMP-005 Zinc 55 mg/kg

Area5 B-419-COMP-005 Acetone 30 ug/kg

Area5 B-419-COMP-005 Arsenic 2.3 mg/kg

Area5 B-419-COMP-005 Barium 290 mg/kg

Area5 B-419-COMP-005 Methylene chloride 79 ug/L*

Area5 B-419-COMP-005 Methylene chloride 7 ug/kg

Area5 B-419-COMP-005 Lead 6.1 mg/kg

Area5 B-419-COMP-005 PCB 1254 55 ug/kg

Area5 B-419-COMP-005 Nickel 39 mg/kg

Area5 B-419-COMP-005 Tritium 24.3 pCi/g

Area5 B-419-COMP-005 Diesel Fuel 6 mg/kg

Area5 B-419-COMP-005 Gross alpha 2.67 pCi/g

Area5 B-419-COMP-005 Gross beta 2.16 pCi/g

Area5 B-419-COMP-005 Copper 47 mg/kg

Area5 B-419-COMP-005 Chromium 35 mg/kg

Area5 B-419-COMP-005 Hexavalent Chromium 8.5 mg/kg

Area5 B-419-COMP-005 Cobalt 6.6 mg/kg

Area5 B-419-TVHS Cobalt 57 0.112 pCi/g

Area5 B-419-TVHS Gross alpha 17.2 pCi/g

Area5 B-419-TVHS Gross beta 15.5 pCi/g

Area5 B-419-TVHS Plutonium 238 0.43 pCi/g

Area5 B-419-TVHS Plutonium 239+240 6 pCi/g

Area5 B-419-TVHS Protactinium 234m 29 pCi/g

Area5 B-419-TVHS Strontium 90 1.68 pCi/g

Area5 B-419-TVHS Thorium 230 0.54 pCi/g

Area5 B-419-TVHS Thorium 232 0.358 pCi/g

Area5 B-419-TVHS Thorium 228 0.389 pCi/g

Area5 B-419-TVHS Thorium 234 7 pCi/g

Area5 B-419-TVHS Tritium 147 pCi/g

Area5 B-419-TVHS Uranium 234 and Uranium 233 4.09 pCi/g

Area5 B-419-TVHS Uranium 235 and Uranium 236 0.263 pCi/g

Area5 B-419-TVHS Uranium 238 6 pCi/g

Area5 B-419-TVHS Americium 241 3.35 pCi/g

Area5 B-419-TVHS Americium 241 2.36 pCi/g

Area5 B-419-TVHS Antimony 124 0.16 pCi/g

Area5 B-419-TVHS Bismuth 214 0.34 pCi/g



Composite Area Sample Location Analyte Result Units

Area5 B-419-TVHS Cesium 137 0.87 pCi/g

Area6 B-419-031 Vanadium 31 mg/kg

Area6 B-419-031 Arsenic 4.5 mg/kg

Area6 B-419-031 Zinc 46 mg/kg

Area6 B-419-031 Barium 180 mg/kg

Area6 B-419-031 Gross beta 2.05 pCi/g

Area6 B-419-031 Gross alpha 2.52 pCi/g

Area6 B-419-031 Lead 5.1 mg/kg

Area6 B-419-031 Methylene chloride 81 ug/L*

Area6 B-419-031 Nickel 43 mg/kg

Area6 B-419-031 Chromium 32 mg/kg

Area6 B-419-031 Copper 36 mg/kg

Area6 B-419-031 Cobalt 7.4 mg/kg

Area6 B-419-031 Diesel Fuel 6.8 mg/kg

Area7 B-419-R1500 Arsenic 3.6 mg/kg

Area7 B-419-R1500 Barium 80 mg/kg

Area7 B-419-R1500 Vanadium 22 mg/kg

Area7 B-419-R1500 Zinc 29 mg/kg

Area7 B-419-R1500 Methylene chloride 81 ug/L*

Area7 B-419-R1500 Nickel 38 mg/kg

Area7 B-419-R1500 Diesel Fuel 5.4 mg/kg

Area7 B-419-R1500 Lead 3.5 mg/kg

Area7 B-419-R1500 Chromium 33 mg/kg

Area7 B-419-R1500 Hexavalent Chromium 5.6 mg/kg

Area7 B-419-R1500 Cobalt 7.1 mg/kg

Area7 B-419-R1500 Copper 33 mg/kg

Asphalt B-419-012 Vanadium 27 mg/kg

Asphalt B-419-012 Barium 110 mg/kg

Asphalt B-419-012 Zinc 62 mg/kg

Asphalt B-419-012 Arsenic 2.7 mg/kg

Asphalt B-419-012 Mercury 0.086 mg/kg

Asphalt B-419-012 Lead 13 mg/kg

Asphalt B-419-012 Methylene chloride 66 ug/L*

Asphalt B-419-012 Nickel 41 mg/kg

Asphalt B-419-012 Copper 21 mg/kg

Asphalt B-419-012 Cobalt 8.2 mg/kg

Asphalt B-419-012 Chromium 29 mg/kg

Asphalt B-419-012 Diesel Fuel 480 mg/kg

Asphalt B-419-018 Copper 22 mg/kg



Composite Area Sample Location Analyte Result Units

Asphalt B-419-018 Copper 19 mg/kg

Asphalt B-419-018 Cobalt 7.2 mg/kg

Asphalt B-419-018 Cobalt 6.7 mg/kg

Asphalt B-419-018 Chromium 70 mg/kg

Asphalt B-419-018 Chromium 69 mg/kg

Asphalt B-419-018 Diesel Fuel 290 mg/kg

Asphalt B-419-018 Diesel Fuel 260 mg/kg

Asphalt B-419-018 Gross beta 2.52 pCi/g

Asphalt B-419-018 Lead 6.1 mg/kg

Asphalt B-419-018 Lead 5.2 mg/kg

Asphalt B-419-018 Methylene chloride 70 ug/L*

Asphalt B-419-018 Methylene chloride 68 ug/L*

Asphalt B-419-018 Mercury 0.053 mg/kg

Asphalt B-419-018 Mercury 0.058 mg/kg

Asphalt B-419-018 Nickel 38 mg/kg

Asphalt B-419-018 Nickel 32 mg/kg

Asphalt B-419-018 Vanadium 24 mg/kg

Asphalt B-419-018 Vanadium 23 mg/kg

Asphalt B-419-018 Arsenic 3.7 mg/kg

Asphalt B-419-018 Arsenic 3 mg/kg

Asphalt B-419-018 Zinc 38 mg/kg

Asphalt B-419-018 Zinc 34 mg/kg

Asphalt B-419-018 Barium 170 mg/kg

Asphalt B-419-018 Barium 150 mg/kg

Asphalt B-419-025 Barium 190 mg/kg

Asphalt B-419-025 Barium 160 mg/kg

Asphalt B-419-025 Arsenic 2.9 mg/kg

Asphalt B-419-025 Arsenic 2.8 mg/kg

Asphalt B-419-025 Zinc 70 mg/kg

Asphalt B-419-025 Zinc 59 mg/kg

Asphalt B-419-025 Vanadium 23 mg/kg

Asphalt B-419-025 Vanadium 22 mg/kg

Asphalt B-419-025 Lead 10 mg/kg

Asphalt B-419-025 Lead 12 mg/kg

Asphalt B-419-025 Nickel 34 mg/kg

Asphalt B-419-025 Nickel 41 mg/kg

Asphalt B-419-025 Molybdenum 1.1 mg/kg

Asphalt B-419-025 PCB 1254 150 ug/kg

Asphalt B-419-025 Diesel Fuel 110 mg/kg



Composite Area Sample Location Analyte Result Units

Asphalt B-419-025 Diesel Fuel 140 mg/kg

Asphalt B-419-025 Methylene chloride 69 ug/L*

Asphalt B-419-025 Methylene chloride 69 ug/L*

Asphalt B-419-025 Mercury 0.039 mg/kg

Asphalt B-419-025 Mercury 0.048 mg/kg

Asphalt B-419-025 Copper 22 mg/kg

Asphalt B-419-025 Copper 22 mg/kg

Asphalt B-419-025 Cobalt 7.5 mg/kg

Asphalt B-419-025 Cobalt 7.5 mg/kg

Asphalt B-419-025 Chromium 28 mg/kg

Asphalt B-419-025 Chromium 36 mg/kg

Asphalt B-419-026 Cobalt 9.1 mg/kg

Asphalt B-419-026 Chromium 28 mg/kg

Asphalt B-419-026 Copper 19 mg/kg

Asphalt B-419-026 Diesel Fuel 910 mg/kg

Asphalt B-419-026 Methylene chloride 64 ug/L*

Asphalt B-419-026 Lead 8.7 mg/kg

Asphalt B-419-026 Nickel 43 mg/kg

Asphalt B-419-026 PCB 1254 36 ug/kg

Asphalt B-419-026 Vanadium 35 mg/kg

Asphalt B-419-026 Barium 140 mg/kg

Asphalt B-419-026 Arsenic 2.9 mg/kg

Asphalt B-419-026 Zinc 35 mg/kg

Asphalt B-419-027 Tritium 0.66 pCi/g

Asphalt B-419-027 Vanadium 30 mg/kg

Asphalt B-419-027 Barium 160 mg/kg

Asphalt B-419-027 Barium 1.4 mg/L*

Asphalt B-419-027 Zinc 140 mg/kg

Asphalt B-419-027 Zinc 0.57 mg/L*

Asphalt B-419-027 Methylene chloride 64 ug/L*

Asphalt B-419-027 Mercury 0.23 mg/kg

Asphalt B-419-027 Lead 75 mg/kg

Asphalt B-419-027 Lead 0.27 mg/L*

Asphalt B-419-027 Nickel 63 mg/kg

Asphalt B-419-027 Cobalt 10 mg/kg

Asphalt B-419-027 Chromium 56 mg/kg

Asphalt B-419-027 Copper 28 mg/kg

Asphalt B-419-027 Diesel Fuel 670 mg/kg

Asphalt B-419-028 Barium 97 mg/kg



Composite Area Sample Location Analyte Result Units

Asphalt B-419-028 Barium 130 mg/kg

Asphalt B-419-028 Barium 0.91 mg/L*

Asphalt B-419-028 Arsenic 2.6 mg/kg

Asphalt B-419-028 Zinc 35 mg/kg

Asphalt B-419-028 Zinc 36 mg/kg

Asphalt B-419-028 Vanadium 27 mg/kg

Asphalt B-419-028 Vanadium 26 mg/kg

Asphalt B-419-028 Nickel 53 mg/kg

Asphalt B-419-028 Nickel 66 mg/kg

Asphalt B-419-028 Methylene chloride 55 ug/L*

Asphalt B-419-028 Methylene chloride 58 ug/L*

Asphalt B-419-028 Mercury 0.041 mg/kg

Asphalt B-419-028 Mercury 0.037 mg/kg

Asphalt B-419-028 Lead 6 mg/kg

Asphalt B-419-028 Lead 5.1 mg/kg

Asphalt B-419-028 Diesel Fuel 980 mg/kg

Asphalt B-419-028 Diesel Fuel 860 mg/kg

Asphalt B-419-028 Copper 19 mg/kg

Asphalt B-419-028 Copper 22 mg/kg

Asphalt B-419-028 Cobalt 8.2 mg/kg

Asphalt B-419-028 Cobalt 9.7 mg/kg

Asphalt B-419-028 Chromium 82 mg/kg

Asphalt B-419-028 Chromium 110 mg/kg

Asphalt B-419-029 Diesel Fuel 760 mg/kg

Asphalt B-419-029 Copper 23 mg/kg

Asphalt B-419-029 Cobalt 8.9 mg/kg

Asphalt B-419-029 Chromium 89 mg/kg

Asphalt B-419-029 Nickel 56 mg/kg

Asphalt B-419-029 Methylene chloride 60 ug/L*

Asphalt B-419-029 Mercury 0.051 mg/kg

Asphalt B-419-029 Lead 8.7 mg/kg

Asphalt B-419-029 Barium 190 mg/kg

Asphalt B-419-029 Barium 2 mg/L*

Asphalt B-419-029 Zinc 46 mg/kg

Asphalt B-419-029 Vanadium 32 mg/kg

Asphalt B-419-030 Barium 160 mg/kg

Asphalt B-419-030 Barium 2.5 mg/L*

Asphalt B-419-030 Vanadium 20 mg/kg

Asphalt B-419-030 Zinc 38 mg/kg



Composite Area Sample Location Analyte Result Units

Asphalt B-419-030 Mercury 0.084 mg/kg

Asphalt B-419-030 Lead 5.3 mg/kg

Asphalt B-419-030 Methylene chloride 58 ug/L*

Asphalt B-419-030 Nickel 36 mg/kg

Asphalt B-419-030 Chromium 33 mg/kg

Asphalt B-419-030 Copper 20 mg/kg

Asphalt B-419-030 Cobalt 7.3 mg/kg

Asphalt B-419-030 Diesel Fuel 40 mg/kg

Asphalt B-419-035 PCB 1260 40 ug/kg

Asphalt B-419-035 Vanadium 24 mg/kg

Asphalt B-419-035 Arsenic 2.7 mg/kg

Asphalt B-419-035 Zinc 69 mg/kg

Asphalt B-419-035 Barium 140 mg/kg

Asphalt B-419-035 Barium 0.95 mg/L*

Asphalt B-419-035 Mercury 0.41 mg/kg

Asphalt B-419-035 Lead 11 mg/kg

Asphalt B-419-035 Methylene chloride 53 ug/L*

Asphalt B-419-035 Nickel 68 mg/kg

Asphalt B-419-035 Cadmium 1.1 mg/kg

Asphalt B-419-035 Chromium 36 mg/kg

Asphalt B-419-035 Copper 24 mg/kg

Asphalt B-419-035 Cobalt 8.6 mg/kg

Asphalt B-419-035 Diesel Fuel 1300 mg/kg

Asphalt B-419-036 Chromium 20 mg/kg

Asphalt B-419-036 Copper 21 mg/kg

Asphalt B-419-036 Cobalt 5.8 mg/kg

Asphalt B-419-036 Mercury 0.22 mg/kg

Asphalt B-419-036 Lead 16 mg/kg

Asphalt B-419-036 Nickel 38 mg/kg

Asphalt B-419-036 Zinc 62 mg/kg

Asphalt B-419-036 Tritium 0.252 pCi/g

Asphalt B-419-036 Vanadium 28 mg/kg

Asphalt B-419-036 Arsenic 1.6 mg/kg

Asphalt B-419-036 Barium 66 mg/kg

Asphalt B-419-036A Diesel Fuel 440 mg/kg

Asphalt B-419-036A Methylene chloride 49 ug/L*

Asphalt B-419-037 Tritium 0.286 pCi/g

Asphalt B-419-037 Vanadium 25 mg/kg

Asphalt B-419-037 Vanadium 27 mg/kg



Composite Area Sample Location Analyte Result Units

Asphalt B-419-037 Arsenic 2.7 mg/kg

Asphalt B-419-037 Arsenic 3.4 mg/kg

Asphalt B-419-037 Barium 150 mg/kg

Asphalt B-419-037 Barium 170 mg/kg

Asphalt B-419-037 Zinc 53 mg/kg

Asphalt B-419-037 Zinc 44 mg/kg

Asphalt B-419-037 Methylene chloride 42 ug/L*

Asphalt B-419-037 Methylene chloride 46 ug/L*

Asphalt B-419-037 Molybdenum 1.2 mg/kg

Asphalt B-419-037 Molybdenum 1.6 mg/kg

Asphalt B-419-037 Nickel 56 mg/kg

Asphalt B-419-037 Nickel 47 mg/kg

Asphalt B-419-037 PCB 1254 42 ug/kg

Asphalt B-419-037 Mercury 9.3 mg/kg

Asphalt B-419-037 Lead 14 mg/kg

Asphalt B-419-037 Lead 12 mg/kg

Asphalt B-419-037 Mercury 7.6 mg/kg

Asphalt B-419-037 Mercury 0.0022 mg/L*

Asphalt B-419-037 Diesel Fuel 580 mg/kg

Asphalt B-419-037 Diesel Fuel 640 mg/kg

Asphalt B-419-037 Cadmium 0.96 mg/kg

Asphalt B-419-037 Chromium 38 mg/kg

Asphalt B-419-037 Chromium 31 mg/kg

Asphalt B-419-037 Copper 28 mg/kg

Asphalt B-419-037 Copper 24 mg/kg

Asphalt B-419-037 Cobalt 11 mg/kg

Asphalt B-419-037 Cobalt 7.8 mg/kg

Asphalt B-419-039 Zinc 36 mg/kg

Asphalt B-419-039 Barium 0.69 mg/L*

Asphalt B-419-039 Barium 100 mg/kg

Asphalt B-419-039 Barium 3.7 mg/L*

Asphalt B-419-039 PCB 1254 570 ug/kg

Asphalt B-419-039 Vanadium 39 mg/kg

Asphalt B-419-039 Arsenic 2.3 mg/kg

Asphalt B-419-039 Mercury 6.1 mg/kg

Asphalt B-419-039 Mercury 0.0032 mg/L*

Asphalt B-419-039 Lead 10 mg/kg

Asphalt B-419-039 Lead 0.44 mg/L*

Asphalt B-419-039 Mercury 0.003 mg/L*



Composite Area Sample Location Analyte Result Units

Asphalt B-419-039 Methylene chloride 47 ug/L*

Asphalt B-419-039 Nickel 64 mg/kg

Asphalt B-419-039 Chromium 34 mg/kg

Asphalt B-419-039 Copper 22 mg/kg

Asphalt B-419-039 Cobalt 8.3 mg/kg

Asphalt B-419-039 Diesel Fuel 1200 mg/kg

Asphalt B-419-102 Vanadium 24 mg/kg

Asphalt B-419-102 Vanadium 25 mg/kg

Asphalt B-419-102 Zinc 40 mg/kg

Asphalt B-419-102 Zinc 43 mg/kg

Asphalt B-419-102 Arsenic 2 mg/kg

Asphalt B-419-102 Arsenic 2.1 mg/kg

Asphalt B-419-102 Barium 97 mg/kg

Asphalt B-419-102 Barium 94 mg/kg

Asphalt B-419-102 Methylene chloride 420 ug/L*

Asphalt B-419-102 Methylene chloride 420 ug/L*

Asphalt B-419-102 Nickel 37 mg/kg

Asphalt B-419-102 Nickel 41 mg/kg

Asphalt B-419-102 PCB 1254 92 ug/kg

Asphalt B-419-102 PCB 1254 140 ug/kg

Asphalt B-419-102 Lead 17 mg/kg

Asphalt B-419-102 Lead 21 mg/kg

Asphalt B-419-102 Mercury 0.071 mg/kg

Asphalt B-419-102 Mercury 0.39 mg/kg

Asphalt B-419-102 Diesel Fuel 610 mg/kg

Asphalt B-419-102 Diesel Fuel 500 mg/kg

Asphalt B-419-102 Chromium 23 mg/kg

Asphalt B-419-102 Chromium 29 mg/kg

Asphalt B-419-102 Cobalt 6.9 mg/kg

Asphalt B-419-102 Cobalt 7.7 mg/kg

Asphalt B-419-102 Copper 21 mg/kg

Asphalt B-419-102 Copper 20 mg/kg

* - Indicates Toxicity characteristic leaching procedure (TCLP) or Soluble Threshold Limit Concentration (STL

All results from B-419-014 are collected at a depth of 4.5 feet.
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  Regulatory Setting and Historical Use of Building 419 

  Summary of Closure Activities to Date 

  Comparison of Soil Analytical Results to Human Health 
Screening Levels and Potential Impact to Groundwater 

  Closure Activity Schedule and Path Forward 
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The Livermore Main Site 
(Site 200) is approximately 
800 acres in size and is 
located about 3 miles east 
of downtown Livermore 
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  The 1980 RCRA Part A permit application identified 
Building 419 as one of several discrete, active LLNL 
waste management operations subject to the newly 
enacted regulations 

  Similarly, discovery of groundwater contamination in 
1983 triggered further investigation and subsequent 
listing of the LLNL site on the NPL in 1987 and subject to 
CERCLA 

  Generally, on-going LLNL hazardous waste operations 
and CERCLA cleanup activities have progressed on 
parallel but separate paths 
•  In the case of B419, there is some overlap as there is active 

remediation of tritium and VOCs in groundwater underlying this 
area 
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  Building 419 was constructed in 1942 and was first used by 
the U.S. Navy for airplane assembly and maintenance 

  LLNL’s Health Chemistry Program then used this facility as an 
assay laboratory 

  Between 1975 and 1989, LLNL used this facility for equipment 
decontamination and hazardous and mixed waste treatment 
(size reduction and solidification) activities  

  Building 419 was first identified as a RCRA treatment facility 
on 1980 Part A submittal, operated under interim status and a 
Part B permit application was filed in the mid-1980s 

  Hazardous and mixed waste treatment activities were 
discontinued within the facility due to the results of a seismic 
evaluation conducted in 1991 that indicated that Building 419 
could not meet the Uniform Building Code seismic guidelines 



Lawrence Livermore National Laboratory LLNL-PRES-557761 
6 



Lawrence Livermore National Laboratory LLNL-PRES-557761 
7 

municipal wells 

Contaminants of Concern 

• Volatile Organic Compounds 
• Fuel Hydrocarbons 
• Chromium 
• Tritium 
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  The majority of the closure activities were completed in the following order: 
•  Utility deactivation 
•  Facility abatement 
•  Facility bulk sampling and analyses 
•  Asphalt/soil sampling and analyses 
•  Facility demolition 
•  Disposal of facility structure, debris, rinsewater, and collected rainwater 
•  Concrete sampling and analyses 
•  Sampling and analyses of 35 soil samples collected from the LLNL site to develop 

metals and radiological background levels 
•  Soil sampling beneath facility structure 
•  Detailed evaluation of data to determine next steps to achieve final closure 
 

 

 Removal and disposal of concrete foundation and tank vault 
 remain to be completed. 
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•  Compared all soil data to new background levels 
•  Any data > background values = COPC 

Constituents of 
potential concern 

(COPCs) identified 

•  On-site receptors (industrial and residential standards 
for soil) 

•  Off-site receptors (residential standards for 
groundwater) 

Compared each 
COPC to published 

standards 

•  Reflects areas of concern by COPC(s) 
•  Estimates approximate volumes of impacted soil  

Created 3-D graphical 
display of areas 

containing COPCs 

•  Removal of remaining slab and foundation materials, 
and targeted removal of contaminated soil 

Recommended action 
to complete closure 
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  U.S.EPA Regional Screening Levels (RSLs) – formerly 
known as Preliminary Remedial Goals (PRGs) 
•  Industrial 
•  Residential 

  SFB-RWQCB Environmental Screening Levels (ESLs) 
•  Industrial 
•  Residential 

  Maximum Contaminant Levels (MCLs) for groundwater 
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COPC Site 
Background 

Residential 
RSL / ESL 

Industrial 
RSL / ESL 

Maximum 
Detected 

Arsenic 7.59 (11.0) 0.39 / 0.39 1.6 / 1.6 37 
Benzo(b)
Fluoranthene* 

0.15 / 0.38  2.0 / 1.3 0.42 

Cobalt 16.7 23 / 40 300 / 80 170 
Diesel Fuel   -  / 83   -  / 83  610 
Hexavalent 
Chromium 

2.2 0.29 / 8.0 5.6 / 8.0 12 

Mercury* 0.076 10 / 1.3 43 / 10 66 
PCB 1248   -  / 0.22   -  / 0.74 0.35 
PCB 1254   -  / 0.22   -  / 0.74 6.9 

RSL – U.S. EPA Regional Screening Levels (former PRGs) 
ESL – SF Regional Water Quality Control Board Environmental Screening Levels. 
* COPC with potential impact to ground water. 
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US. EPA Regional Screening levels (RSLs): 
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/usersguide.htm 
http://www.epa.gov/region9/superfund/prg/rsl-table.html 
http://www.epa.gov/region9/superfund/prg/ 
http://rais.ornl.gov/rad_start.shtml 
http://epa-prgs.ornl.gov/radionuclides/download.html 
San Francisco Regional Water Quality Control Board Environmental Screening Levels (ESLs): 
http://www.swrcb.ca.gov/rwqcb2/esl.shtml  
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Maximum = 37 mg/kg 
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Maximum = 0.42 mg/kg 
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Maximum = 170 mg/kg 
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Maximum = 610 mg/kg Conservative extrapolation 
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Maximum = 12 mg/kg 
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Maximum = 66 mg/kg 
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Maximum = 0.35 mg/kg 
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Maximum = 6.9 mg/kg 
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-  Diesel Fuel is excluded  
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  Identified 3 primary areas of concern associated with 
B419 
•  Beneath northeast corner of room 167 
•  Beneath northwest corner of room 124 
•  Near tank vault 
—  Constraining graphical plots of cobalt and PCB 1254 difficult due to 

sampling locations relative to few positive detects near vault walls 

  None of the radioactive components exceed the current 
residential screening level guidance 
•  The few locations where radioactive isotopes were detected 

below ESLs are within soil volumes with other COPCs 

  Diesel hits sporadic near surface under paved areas 
outside of building 
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  Beneath Room 167 
•  ~ 90 cu.yd 

  Beneath Room 124 
•  ~ 110 cu.yd 

  Surrounding Tank Vault 
•  ~ 100 to 200 cu.yd 
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• Removal of remaining 
slab and foundation 
materials, and targeted 
removal of 
contaminated soil 

Recommended 
action to 
complete 
closure 
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  Livermore Site CERCLA Project overview 

  Logic chart for interface with CERCLA and D&D projects 
with contaminated soil 
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No

Conduct Historical 
Data Review

Is the facility 
contaminated?

Facility 
D&D

Demolish facility

Develop sampling plan

Perform facility 
decontamination

Are 
confirmation 

sampling 
results clean?

No

NoYes

Yes

Sample soil ≤ 3 ft

Is the soil 
contaminated?D&D complete

Transfer to CERCLA 
Program

Yes

Figure 1.  Facility decontamination and decommissioning (D&D) process
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Figure 2.  CERCLA process for environmental contamination identified 
following facility D&D 

Conduct 
characterization

Contamination 
present in  

environmental 
media above 

regulatory  
Screening 

Levels?

Transfer to 
CERCLA 
Program

Negotiate regulatory 
pathway

Prepare Non-time Critical 
Removal Action 

Engineering Evaluation/
Cost Analysis

No

Yes

No further 
action

Prepare Action Memo

Cleanup

Prepare Record of 
Decision

Hold public meeting

Prepare Proposed Plan

Prepare Remedial 
Investigation/Feasibility 

Study

Prepare Remedial 
Design

4-5 yr process<1 yr process*

*Assumes draft, draft final, and final versions are not required.
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  COCs include(d) volatile organic compounds (VOCs),  
fuel hydrocarbons, metals, tritium 

  Primary VOCs are TCE and PCE 

  VOC plumes extend both laterally and vertically beneath 
the site within multiple hydrostratigraphic units 

  No Further Action for fuel hydrocarbon release site in 1996 

  Chromium remains slightly above cleanup standard  
at one treatment location (TFC Southeast) 

  Tritium below the MCL at all groundwater monitoring 
locations since 2004, however it is commingled with VOCs 
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Remedial Design/Remedial Action!
Compliance Monitoring and Contingency Plans!

Remedial Investigation/Feasibility Study (1990)!

Remedy Selection/Record of Decision (1992)"

Five-Year Reviews 	


National Priorities Ranking/List (NPL) (1987)"

Discovery of Contamination (1983)"

Remediation Completion!

Closeout/NPL Deletion!

Continuous!
enforcement!
and oversight 
by regulatory 

agencies!

We are!
 Here!
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  U.S. Navy operated NAS Livermore during WWII (1940s) 

  LLNL established in 1952 

  Ground water contamination first discovered in 1983 

  Site placed on U.S. EPA’s National Priorities List in 1987 

  Ground water remediation initiated in 1989 

  Record of Decision signed in 1992 
•  Approved remedy is pump-and-treat (GWE & SVE) 
•  Cleanup standard = MCLs 
•  MNA for tritium 

  Fourth Five-year Review in progress 



Fixed!
GTU!

PTU!

STU!

MTU!

VES!

CRD!

Small compact, portable treatment units are used 
in conjunction with larger, fixed treatment facilities 
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—  Western plume cleanup 

—  Southern plume cleanup  

—  Capture onsite distal plumes 

—  Source area control/cleanup 

Cleanup priorities were 
determined in conjunction 
with stakeholders 
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N 

  21 distinct source 
areas identified 
•  Different hydraulic 

characteristics 
•  Variable VOC 

distribution in 
ground water 

•  Variable 
unsaturated zone 
influence  

  Goal: reduce the 
environmental 
cleanup mortgage 



  4 Fixed 
10 PTUs 
  5 MTUs 
  4 GTUs 
  2 STUs 
  2 CRDs 
  1 Tank 
  9 VESs 
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N 
  21 distinct source 

areas identified based 
on past activities and 
site characterization 
data: 

•  Different hydraulic 
characteristics 

•  Variable VOC 
distribution in 
ground water 

•  Variable 
unsaturated zone 
influence  
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Since 1989, 
more than  
4 billion gallons 
of ground water 
have been 
treated and over 
3 tons of VOCs 
have been 
removed from 
the subsurface 
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Livermore Naval Air 
Station LLNL construction 

  Contamination discovered in 1983 

  Contaminants of Concern:  
 VOCs, tritium, chromium 

  Primary VOCs:  trichloroethylene (TCE), 
 perchloroethylene (PCE) 

  Remediation operations began in 1989 

  Constructed 37 treatment facilities (TFs) 
•  28 ground water TFs 
•  9 soil vapor TFs 
•  93 ground water extraction wells 
•  32 soil vapor extraction wells 
•  17 dual extraction wells 
•  >400 monitor wells 

  Results to date: 
•  >4 billion gallons of ground water and 

>400 million cubic feet of vapor treated 
•  Nearly 3,000 kg (>3 tons) of VOCs 

have been removed from the 
subsurface 
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1.  Data gathering: We used borehole lithological, 
geophysical, and ground water elevation data 
from all wells and boreholes near Building 419. 
We also gathered data on soil physical 
properties from across the entire LLNL site as 
well as regional precipitation and infiltration 
data. 

2.  Soil Profile: Using the above information we 
created a representative soil profile for 
Building 419 area. We used the most 
permeable soil type observed in any one of the 
borehole to develop a conservative soil profile. 

3.  Hydraulic Parameters: Since there aren’t any 
unsaturated soil properties available directly 
from the Building 419 area, we categorized the 
observed soils into three lithological types as 
high permeability sands and gravels (HEK), 
medium permeability silty sands and silts 
(MEK), and low permeability silts and clays 
(LEK). 
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4.  Ground Water Elevation: The highest ground 
water elevation observed beneath the Building 
419 area is ~90 feet below ground. 

5.  Infiltration rate: Based on a simple net 
infiltration calculation and the infiltration rate 
used in a calibrated regional ground water flow 
model, we used a conservative infiltration rate 
of 1.2 inch/year. This value is equivalent to 
10% of average annual precipitation at the 
site. 

6.  Soil Moisture Profile: Soil properties were 
conservatively selected to ensure a soil 
moisture profile that is continuous and at a 
higher moisture content than typically 
observed at the site. Existing soil moisture 
data was used to calibrate the unsaturated 
flow portion of the model. 
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7.  Contaminant of Potential Concern (CPOC) 
Distribution and Transport Parameters: CPOC 
specific transport parameters were used in 
each model. Dispersion and volatilization was 
ignored to preserve conservative transport 
properties.  The first ten feet of the soil column 
was assumed to be contaminated at the 
maximum measured concentration for a given 
CPOC. 

8.  The model was run until the maximum 
concentration reaching ground water was 
observed. An EPA recommended Dilution 
Attenuation factor of 20 was applied at the 
water surface representing the concentration 
of water in a hypothetical drinking water supply 
well completed directly beneath the site. 
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August 16, 2012 

 
 
Mr. Ryan Batty, Project Manager 
Engineering and Special Projects Office 
Department of Toxic Substances Control 
8800 Cal Center Drive, 2nd Floor 
Sacramento, California 95826 
 
Subject: Response to DTSC’s Comments on Closure Performance Standards and 

Remaining Closure Activities for the Building 419 Project at the Lawrence 
Livermore National Laboratory, Livermore, California; EPA ID No.:  
CA2890012584 

 
Dear Mr. Batty: 
 
On May 22, 2012, the Lawrence Livermore National Laboratory (LLNL) provided the 
Department of Toxic Substances Control (DTSC) with a presentation on the Building 419 
closure project that summarized completed and remaining closure activities, and described 
LLNL’s recommended closure performance standards for the subsurface soil.  DTSC provided 
LLNL with comments on the presentation through a formal written correspondence letter, dated 
June 12, 2012.   The following responses have been prepared: 

  
 Comment 1- 
 “Presentation Slide 10 – The slide shows composite sample locations used for concrete 

sampling.  LLNL provided the results of the concrete sampling separately in an email dated June 
6, 2012.  DTSC requests additional information in order to clarify which sample results 
correspond to which locations.  For example, we do not understand sample results identified as 
B-419-COMP-004A, B-419-R1500, and B-419-TVHS. 

 
 DTSC requests that LLNL provide interpretation of the concrete results and indicate whether 

any concrete will be characterized as Resource Conservation and Recovery Act (RCRA) or 
California hazardous waste”. 

 
 Response- 
 As DTSC is aware of, the concrete sampling plan consisted of five composite samples identified 

as B-419-COMP-01-0F, B-419-COMP-02-0F, B-419-COMP-03-0F, B-419-COMP-04-0F, and 
B-419-COMP-05-0F.  Each composite sample area represents specific room numbers or sections 
of the project footprint, such as the north concrete pad, and tank vault.  In addition to the 
composite sample areas, LLNL incorporated additional locations into the concrete sampling plan 
as follows: 

  
a) An additional concrete sample, identified as B-419-R-167-W-0F, was collected from 

Room 167 in order to aid in the characterization of the concrete pad at Room 167 for 
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disposal purposes.   Elevated radiological activity levels were detected at this location 
on the concrete pad, so radiological isotopic speciation was performed on this sample.   

b) B-419-COMP-004A was a composite sample from a concrete layer found in the 
subsurface one foot below grade.  This composite sample was collected where 
Concrete, Asphalt, and Soil (CAS) sample numbers 23 and 33 are located. 

c) The concrete sample, identified as B-419-014-4.5F, was collected from an additional 
layer of concrete that was found 4.5 feet below grade, at the location where CAS 
sample number 14 was collected. 

d) The concrete layer of CAS sample number 21 is identified as B-419-021-0F.  
Radiological isotopic speciation was run on this sample in order to aide in the 
characterization of the concrete pad at Room 124 for disposal purposes. 

e) An additional concrete sample, identified as B-419-TVHS-0F, was collected from the 
floor of the tank vault in order to aide in the characterization of the concrete vault for 
disposal purposes.   Elevated radiological activity levels were detected at this location 
on the vault floor, so radiological isotopic speciation was performed on this sample.  
The acronym “TVHS” was given to this sample to represent, “Tank Vault Hot Spot”.  

f) An additional sample of the concrete pad from Room 1500 (previously utilized as a 
Battery Shop), was added to the concrete sampling plan because concrete samples 
from this room were not part of the original sampling plan, and LLNL needed a 
sample from this room to characterize this portion of the pad. 
 

 LLNL has determined, based on the following reasons, that the concrete pad that was associated 
with the facility structure, will be managed as low-level radioactive waste.  None of the chemical 
constituents were found at hazardous waste levels, and the following considerations were taken 
into account for volatile organic compounds when LLNL made hazardous waste F-listing 
characterization determinations for the concrete pad: 

 
a) The B-419 Closure Plan states that Rooms 155 and 167 are to be managed as mixed 

waste, but the Building 419 structure does NOT include the concrete slab floor of the 
building footprint, and that further characterization sampling and analysis for these 
areas will occur. 

b) Methylene Chloride was the only volatile organic compound (VOC) found in the 
concrete pad, 

c) Methylene Chloride was not used for degreasing purposes within Building 419, 
d) Methylene Chloride was detected in all concrete pad method blanks, and was detected 

in the sample results at similar concentrations,  
e) The offsite analytical laboratory that analyzed the concrete samples indicated that 

Methylene Chloride is used in their laboratory on a regular basis, and is used for 
extractions, so it is likely to be a lab contaminant, and 
 

As stated in the B-419 Closure Plan, the concrete tank vault will be managed as mixed waste.  
Trichloroethylene (TCE) was detected in soil at locations beneath Room 167 where broken 
piping had previously been removed in the mid 1990’s.  TCE was used for its solvent purposes 
when the facility was used for RCRA operations, and LLNL personnel who worked in the 
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facility reported spills within the tank vault, where the piping was routed from Room 167.  
Therefore, the F002 hazardous waste listing will be applied to the concrete tank vault. 

 
Comment 2- 

 “Presentation Slide 15 – The slide indicates that Regional Screening Levels (RSLs) published by 
the U.S. Environmental Protection Agency (EPA) , Region 9, and Environmental Screening Level 
(ESLs) published by the Regional Water Quality Control Board, Region 2, were utilized as 
project soil screening levels.  DTSC accepts RSLs as screening levels subject to the limitations 
stated in DTSC Human Health Risk Assessment (HHRA) Note 3 (See Link:  
http://www.dtsc.ca.gov/AssessingRisk/upload/HHRA-Note-3.pdf).  As indicated in HHRA Note 3, 
DTSC recommends 80 mg/kg (site wide 95 UCL, excluding hot-spots) as an unrestricted use 
screening level for lead 

 
 If multiple constituents are present at concentrations at or near the respective screening level 

then an evaluation of cumulate impacts may be necessary.  DTSC requests that LLNL comment 
on whether you believe an evaluation of cumulative impacts is necessary”. 

 
 Response- 
 Please refer to the response for comment No. 3 below. 
 

Comment 3- 
 “Presentation Slide 16 – The slide indicates that LLNL screened against the higher of the RSL or 

the ESL.  A screening level evaluation, by its nature, should be conservative and the lower of the 
available screening levels should be utilized.  It is acceptable to DTSC if LLNL only relies on the 
ESL as a screening level if it is based on the protection of groundwater.  The RSLs, as modified 
by HHRA Note 3, are sufficient for the protection of human health. 

 
 DTSC requests that LLNL summarize the input data and key assumptions used in the 

groundwater modeling.  DTSC also requests that LLNL address leaching of volatile organic 
compounds (VOCs) and lead to groundwater”. 

 
 Response to Comments 2 and 3- 

LLNL will use RSLs and incorporate the limitations stated in DTSC HHRA Note 3 to all 
screening level evaluations.  LLNL initially decided to use ESLs when an RSL was not available 
and used the higher of the two values – mainly the ESL value – because the ESLs were based on 
screening levels that were specifically developed for the San Francisco – Bay Area.  LLNL 
appreciates the assistance provided by DTSC regarding RSLs (i.e. identifying RSLs for 
polychlorinated biphenyls – PCBs) and the overall guidance provided for the screening level 
analysis. Upon further discussions with DTSC,  LLNL used the lower value for the screening 
level analysis when there was more than one screening level that was applicable. 
 
Lead - LLNL followed the guidance provided in HHRA Note 3 for lead, and determined that the 
95 percent upper confidence level (95 UCL) for lead concentrations in soil is 20.2 mg/kg, which 
is below the 80 mg/kg 95 UCL level set in HHRA Note 3 for residential use.  Therefore, lead is 
not considered a potential contaminant of concern (PCOC). In addition, once the soil removal 

http://www.dtsc.ca.gov/AssessingRisk/upload/HHRA-Note-3.pdf
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proposed by LLNL is complete, the remaining soil will have a 95 UCL soil concentration of 1.0 
mg/kg for lead. 
 
Polycyclic Aromatic Hydrocarbons (PAHs) – LLNL initially determined that the maximum 
benzo(b)fluoranthene (a PAH) concentration in soil is 0.42 mg/kg, and is above the RSL of 0.15 
mg/kg for residential use.  LLNL followed the advisory document by HHRA that defines soil 
background values for PAHs in Northern California.  The background value is defined in 
equivalency concentration and is 0.4 mg/kg in benzo(a)pyrene-equivalency.  When the 
maximum concentration of benzo(b)fluoranthene, 0.42 mg/kg is converted, the value is 0.042 
mg/kg in benzo(a)pyrene-equivalency.  This value (0.042 mg/kg) is below the background value 
of 0.4 mg/kg, therefore benzo(b)fluorathene is not considered a PCOC. 
 
We also followed the guidance provided in HHRA Note 3 for determining the screening levels 
for thallium and vanadium. In addition, we used screening levels suggested by DTSC for cobalt 
and arsenic.  For cobalt we used the California Human Health Screening Level (CHHSL) and for 
arsenic we used the regional background value determined by San Francisco Regional Water 
Quality Control Board study. All of the detections for diesel fuel and hydrocarbon fingerprint 
was in shallow soil (<1 ft) and was outside of the Building 419 footprint. These detections are 
presumed to be associated with equipment and vehicles used in paved areas and parking lots 
around the building, as well as the routine paving maintenance (e.g., slurry seals). 
 
Table 1 lists the values used for the screening analysis based on DTSC’s recommendations for 
PCOCs.  The remaining constituents were either not detected or detected below their screening 
levels and are not included in Table 1.  All locations where the PCOC exceed the screening level 
are included in the proposed volumes for soil removal.  
LLNL has reviewed all the analytes and their respective screening levels. Based on the 
background values in soil and the difference between the maximum soil concentration and the 
RSLs for most analytes, LLNL believes that an evaluation of the cumulative impacts is not 
necessary, as the proposed areas of soil removal will capture the volumes of contaminants that 
would pose a threat when added together. Remaining concentrations are scattered more widely 
and overall are well below their respective RSL. 
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Table 1.  Site background, screening level, and maximum soil concentrations for potential 
chemicals of concern at Building 419. 
 

Constituent Units 

Maximum 
detected 

concentration 
LLNL 

background 

EPA 
residential 

RSL 

Other 
screening 

levels 

Selected 
screening 

level 
Arsenic mg/kg 37 7.59 0.39 11a 11 
Chromium mg/kg 300 48.9 - - 48.9 
Hexavalent 
Chromium mg/kg 12 2.2 0.29 - 2.2 
Mercury mg/kg 66 0.0759 10 - 10 
Vanadium mg/kg 180 43.7 390 78b 390 
Diesel Fuel mg/kg 610c - - - - 
Gasoline 
fingerprint mg/kg 1.2c - - - - 
PCB 1248 mg/kg 0.35 - 0.22 - 0.22 
PCB 1254 mg/kg 6.9 - 0.22 - 0.22 
Americium 
241 pCi/g 150 0.062 1.8 - 1.8 
Cobalt 56 pCi/g 1.12 0.428 0.651 - 0.651 
Gross alpha pCi/g 262 3.38 - - 3.38 
Gross beta pCi/g 28.1 4.47 - - 4.47 
Plutonium 
239+240 pCi/g 32.2 0.046 2.58 - 2.58 
Strontium 
90 pCi/g 1.15 0.264 0.344 - 0.344 
Tritium pCi/g 1920 0.106 0.882 110d 110 
Uranium 
234 and 
Uranium 
233 pCi/g 18.4 0.76 3.86 - 3.86 
Uranium 
235 and 
Uranium 
236 pCi/g 1.39 0.0904 0.192 - 0.192 
Uranium 
238 pCi/g 46 0.717 4.48 - 4.48 
a Regional background is 11 mg/kg by San Francisco Regional Water Quality Control Board 
b DTSC HHRA Note 3 (value has been updated to the EPA RSL of 390) 
c Detected in shallow (<1 ft) soil outside the building footprint mostly in paved parking lots 
d DOE Order 458.1 and Federal Register Volume 64.68396 
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LLNL has also conducted a tiered analysis of the potential impact to ground water from residual 
contamination at Building 419. The first tier included a comparison of the maximum 
concentration in soil to the RSL for protection of groundwater. Several of the constituents 
exceeded the RSL. These constituents are arsenic, barium, beryllium, hexavalent chromium, 
cobalt, mercury, nickel, vanadium, PCB 1248, PCB 1254, and benzo(b)fluoranthene (PAH).  In 
addition, radionuclides americium 241, plutonium 239+240, strontium90, thorium 234, uranium 
234+233, and uranium 238 also exceeded their respective RSLs. 
 
Most of the soil with PCOC concentrations exceeding the RSL for protection of ground water 
will be removed as part of the proposed soil removal. However, LLNL used a flow and transport 
model with conservative input parameters to conduct a second tier analysis where site-specific 
values were incorporated to assess potential impact to ground water before any removal action. 
The results of this analysis show that only mercury and benzo(b)fluoranthene may potentially 
impact ground water given a very long time period (200,000 years). The soil volumes with the 
concentrations of mercury and benzo(b)fluoranthene that may potentially impact ground water 
are included in the proposed volume of soil for removal, therefore should not pose any risk to 
ground water in the future. 
 
The next section discusses a summary of the key assumptions and input data as requested by 
DTSC.  
 
LLNL has been using the numerical code NUFT (Non-isothermal, Unsaturated-Saturated Flow 
and Transport) for similar screening level analysis.  NUFT (Nitao, 1998) is a multi-phase, multi-
component flow and transport code that was primarily developed to simulate flow and transport 
in the unsaturated zone.  NUFT is capable of simulating all essential unsaturated and saturated 
zone processes including advection, dispersion, diffusion, adsorption, volatilization, and 
degradation for aqueous, gaseous and non-aqueous phases under non-isothermal conditions. 
NUFT has also been used for the same screening level and risk assessment purposes at other 
locations at LLNL’s Livermore Site and Site 300, and at the LEHR site in Davis, California. 
 
The general modeling approach is comprised of eight steps: 

 
Step 1. Gather all available surface and subsurface data for the source area. 

Step 2. Develop a representative soil profile based on site borehole lithologic and 
geophysical data. 

Step 3. Assign unsaturated flow properties for each soil type. 

Step 4. Determine the highest elevation of the ground water table at the bottom of the 
column. 

Step 5. Assign a conservative infiltration rate at the top of the column. 

Step 6. Calibrate the flow model until a representative soil moisture profile is obtained. 

Step 7. Assign the initial concentration distribution along the soil profile for each 
chemical. 
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Step 8. Using the transport model determine the maximum concentration/activity 
reaching the ground water and define the distribution of concentration/activity 
along the soil profile. 

Model input parameters are determined by using multiple data sets collected from at or near 
Building 419.  Boring logs, geophysical logs, and information from shallow borings are used to 
characterize the geology and develop representative soil profile. Long-term ground water 
elevation data from nearby wells are used to determine the highest ground water elevation 
observed beneath the site.  A combination of laboratory analysis data, literature data for soil 
physical parameters and unsaturated flow parameters are used as model input for each soil type 
present.  Meteorological data from LLNL Livermore Site and Sandia Laboratory weather 
stations are used in determining the infiltration rate. 

Soil profile: A representative soil profile was developed for Building 419 based on geological 
and geophysical information from nearby wells W-210, W-2204, W-2205, and W-2206.  
Discontinuous layers of low permeability units with fine soils were disregarded.  The maximum 
encountered thickness of high permeability layers, and minimum encountered thickness of 
adjacent low permeability units were used in developing a conservative soil profile from an 
unsaturated flow and transport perspective.  

Soil properties: The geological units beneath Building 419 can be divided into several general 
soil types. These types are based on borehole sample lithology descriptions, and geophysical 
data.  The lithologic samples from each borehole were grouped into three soil types:  1) High 
hydraulic conductivity soils (gravel, sand), 2) Medium hydraulic conductivity soils (silty sand, 
silts), and 3) Low hydraulic conductivity soils (clayey silts, clays).   

For each of the three soil types, NUFT input parameters were based on the laboratory analysis 
results and data from literature surveys.  The moisture retention curve of each soil type was 
defined using the Van Genuchten (1980) model parameters.  Care was taken to conservatively 
select higher permeability, porosity and moisture retention parameter values.   The resulting soil 
profiles are more saturated and more permeable than what is generally observed in the field, 
therefore contaminant migration occurs at a faster rate and at higher concentrations.  This 
approach is specifically used to account for processes such as fingering and localized 
heterogeneity. Soil moisture profiles resulting from these sets of input parameters conservatively 
represent typical conditions for a rainy season.  

Ground water elevation and the unsaturated zone thickness: Long-term hydrographs from nearby 
wells completed in the uppermost water-bearing zone were examined and the highest historical 
ground water elevations were used in the model as the location for the potential receptor (ground 
water). 

Infiltration rate: A water balance analysis was conducted to determine an average infiltration rate 
for the entire site.  The Green and Ampt (1911) model to predict net infiltration was used as the 
basis of the analysis.  In addition, time-dependent rainfall data was incorporated into the analysis 
using the Chu (1978) model.  Based on this analysis we used an infiltration rate that is equal to 
10% of the total precipitation on site.  This rate is identical to the rate used for the calibrated 
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regional-scale ground water model.  
Transport parameters: The transport parameters required in NUFT include physical properties, 
partitioning coefficients, decay rates, diffusion, and dispersivity constants for chemicals. 
Physical properties of chemicals such as molecular weight or half-life are readily available in the 
literature.  Partitioning coefficients between the solid, air and water phases are well studied and 
exist in large databases for various chemicals with a range of reported values.  The lowest 
published values for soil-water partitioning coefficients are selected for this analysis resulting in 
less sorptive (more mobile) transport behavior. Volatilization of organic compounds is not 
allowed by using a water-air partitioning coefficient ensuring that mass remains in the water 
phase. None of the chemicals are assigned a degradation rate.  Dispersion was conservatively 
assumed to be negligible in the vadose zone. As vadose zone contaminants enter the saturated 
zone, dilution occurs since percolating vadose zone water combines with laterally flowing 
ambient groundwater from the up-gradient direction.  A dilution factor can be estimated by 
taking the ratio of lateral ground water seepage to the vertical vadose zone seepage determined 
by the infiltration rate. An EPA recommended dilution attenuation factor of 20 is used in the 
models. 
 
Potential impact to ground water from residual VOC concentration: Please refer to the response 
to DTSC comment No 4. 
 
A separate screening level model was run to evaluate the potential impact to ground water from 
the residual lead concentration in soil beneath Building 419.  Based on the modeling using the 
same approach described above, the maximum measured lead concentration of 330 mg/kg did 
not impact ground water above the drinking water standard of 15 ug/L.  In addition, soil with 
residual concentrations above 200 mg/kg will be removed during excavation.  The current ESL 
for protection of groundwater is 200 mg/kg. 
 
Comment 4- 

 “Presentation Slide 17 – The slide indicates that VOCs were excluded from the evaluation 
because Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) 
remediation is ongoing.  DTSC does not agree to change the closure plan to exclude VOCs.” 

 
 Response- 

Analysis of all the soil samples collected beneath Building 419 shows that there were five 
volatile organic compounds (VOCs) that were measured above their detection limits. Table 2 
shows the detected VOCs, the maximum concentration measured at Building 419, and applicable 
screening levels. The RSL for human health includes the vapor inhalation pathway.  The 
maximum concentrations of VOCs are below their respective RSLs for the protection of human 
health.  Maximum concentrations of VOCs in soil exceed the RSLs for protection of ground 
water, however most of these results are from soil samples collected at depths between 75 to 95 
feet below ground surface (ft-bgs). The water table is currently fluctuating between 100 to 110 
ft-bgs and is contaminated by VOCs originating from upgradient sources. 



Mr. Ryan Batty, DTSC  August 16, 2012 
  Page 9 

Response to DTSC’s Comments on Closure Performance Standards and Remaining Closure 
Activities for the B419 Project at LLNL 

ESH-EFA-WP-12-2660 – BS/VS:jk 

 
For comparison the SF RWQCB ESLs for the protection of ground water (residential land use, 
<3 meter bgs) are included in Table 2.  1,2-Dichloroethane is the only VOC that exceeds the ESL 
and all samples exceeding the ESL are collected from 70 to 95 ft-bgs. 
In addition, LLNL performed a screening level evaluation of the potential VOC impact to ground 
water using a flow and transport model, and conservative site-specific model parameters.  The 
results of this evaluation indicate that the residual VOC concentrations in the top 15 ft of the soil 
column will not impact the ground water above drinking water standards. Please keep in mind 
that the ground water beneath Building 419 is already contaminated with VOCs at levels higher 
than what the residual concentration in the vadose zone can potentially impact ground water. 
 
The ground water beneath Building 419 is contaminated with VOCs that are mostly originating 
from upgradient sources. LLNL is addressing this contamination under the CERCLA program. 
As part of the CERCLA program, LLNL operated three vapor extraction wells on the north side 
of Building 419 (W-2204, W-2205, and W-2206).  Soil vapor extraction was performed from 
September 2006 to October 2007 and the VOC concentrations in soil vapor were reduced by an 
order of magnitude. For example, in well W-2204 the TCE concentration was reduced from 45 
ppm(v/v) to 5.1 ppm(v/v) and has remained at the same level since then.  These wells are 
screened from 40 to 120 ft-bgs and address the VOC concentration at depth. The site is currently 
part of a ‘Focused Feasibility Study’ to determine the best course of action into the future. The 
objective of the study is to minimize mixed waste generation due to the presence of tritium. As 
required by the Record of Decision, the remedial goals of the CERCLA program are to continue 
ground water remediation until drinking water standards (MCLs) are achieved and continue soil 
vapor remediation until the concentrations in the vadose zone are reduced below levels where 
there isn’t any potential impact to ground water above the MCLs. These goals are in line with 
substantive requirements of RCRA closure. 
 
Since the maximum concentration of VOCs beneath Building 419 are below their respective 
RSLs and since the CERCLA program will continue to remediate the ground water beneath the 
site, LLNL believes that VOCs do not require further action under the RCRA program. 
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Table 2. Volatile organic compounds detected at Building 419 and their screening levels. 
 
Volatile Organic 

Compound 
 

Maximum 
detected 

concentration in 
soil (mg/kg) 

 

EPA Regional 
Screening 

Level (mg/kg) 
 

EPA Regional 
Screening 
Level for 

protection of 
ground water 

(mg/kg) 

SF RWQCB 
Environmental 

Screening 
Level for 

protection of 
ground water 

(mg/kg) 
1,2-Dichloroethane 0.067 0.43 0.0014 0.0045 
Carbon 
tetrachloride  

0.009 0.61 0.0019 0.11 

Methylene chloride  0.015 11 0.0013 0.077 
Tetrachloroethene  0.0095 0.55 0.0023 0.7 
Trichloroethene   0.43 0.91 0.0018 0.46 
 

 
Comment 5- 

 “Presentation Slides 31 and 33 – The slides indicate the limits of the proposed soil excavations.  
The excavations below rooms 124 and 167 seem disproportionate to the sample data.  For 
example, LLNL is relying on a single elevated detection of arsenic as the basis for the excavation 
of approximately 110 cubic yards below room 124.  Conversely, several contaminants were 
detected above background at different locations below room 167 yet a smaller excavation of 
only 90 cubic yards is proposed.  DTSC recommends that LLNL reevaluate the limits of the 
proposed soil excavations.” 

 
 Response- 

LLNL agrees that the limits of the proposed soil excavation need further refinement.  The initial 
soil excavation limits were intended to identify locations where elevated levels of one or more 
constituents were initially observed. The initial estimates were proposed using very conservative 
assumptions to determine the maximum volume of excavated soilthat may possibly be required. 
Follow up discussions with DTSC  have provided further guidance, and LLNL has refined the 
proposed soil excavation limits and volumes based on DTSC’s recommendations, which are 
included in Table 1 of Attachment B.   
 
Comment 6- 

 “Presentation Slide 32– The slide indicates that no radioactive components exceed the current 
residential screening guidance.  For completeness, DTSC requests that LLNL indicate what 
standard or test is being applied to support this statement.  DTSC recommends LLNL consider 
excavating soil from the area of boring location R124-001.  We also recommend that LLNL 
consider expanding the excavation planned below room 167 to capture contaminations in near 
surface soils (<15 feet below ground surface) that may leach to groundwater.” 

 
 Response- 
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The residential RSL for radionuclides are discussed in response to comment no. 3. As indicated 
in Slide 32, the radionuclides with soil activities exceeding the residential RSLs are located 
within the volumes that LLNL proposes to remove. The slide should have indicated that there 
would not be any residual radionuclide contaminated soil with activities exceeding the residential 
RSLs once the soil removal is complete. LLNL has adjusted the proposed soil removal volumes 
to include soil containing tritium above 110 pCi/g below 1 ft depth.  All of the soil with residual 
tritium activity above the screening level that is outside of the proposed soil removal volumes is 
less than a depth of 1 foot beneath the slab. The slab removal accounts for the removal of this 
soil immediately beneath the slab as part of the removal action.  
 
A portion of the soil near location B-419-R124-001 has already been removed since this was an 
area where subsurface utilities were removed. LLNL has proposed additional soil removal in this 
area and has included a confirmatory sampling plan for the excavation.  
 
LLNL does not plan to perform a DOE closure of the site in the near future. If a DOE closure is 
initiated in the future, it will likely involve the entire Livermore Site and would require a new 
characterization at that time. This characterization would include the Building 419 area. 
 
 
Comment 7- 

 “General Comment, Vapor Intrusion – Exposure to VOCs and also mercury can occur via the 
vapor intrusion pathway.  Even though there is not a building present or planned, DTSC 
requests that LLNL evaluate whether the contamination presents a potential vapor intrusion risk.  
If clean closure is to be achieved, it should allow for unrestricted site use which includes 
construction of a building in the future.” 

 
 Response- 

 
LLNL used the vapor intrusion evaluation guidance and tools provided by DTSC HHRA. The 
Johnson-Ettinger model was used with the maximum VOC and mercury concentrations 
measured in shallow soil, and the default exposure factors described in HHRA Note 1. The 
results indicate a cumulative cancer the risk from VOCs below 10-6 and the hazard quotient for 
both VOCs and mercury below 1.  This risk will be further reduced once the soil removal is 
completed because some of the higher soil concentrations for VOCs and mercury are within the 
proposed soil removal. 
 
Comment 8- 

 “General Comment, Confirmation Sampling – Confirmation sampling should be performed 
following the excavation to verify that all contaminants above pre-agreed cleanup levels have 
been removed.  LLNL should consider a combination of field techniques, such as X-Ray 
Fluorescence, as well as fixed laboratory analysis for confirmation sampling”. 

 
 Response- 

LLNL has provided a detailed Confirmation Sampling Plan as Attachment A which describes 
the approach used in determining the sampling locations. 
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ATTACHMENT A 
Building 419 Post-excavation Confirmation Sampling Plan 

Statistical methodology, number of samples, and sampling locations 

Introduction 

This section describes the number and placement of confirmation samples that will be 
collected after excavation and removal of contaminated soil from each of four removal 
locations within B419 site. The purpose of the sampling is to provide additional 
statistically based confidence that the soil removal was sufficient. The approach is based 
on methods in the Multi-Agency Radiation Source and Site Investigation Manual 
(MARSSIM; US EPA, 2000).  

Statistical methodology 

Statistical tests will consist of either the Wilcoxon Rank Sum (WRS) test or the Sign test, 
depending on factors described below. The tests will be implemented as described in 
MARSSIM. For the WRS test, the randomized LLNL site-wide background samples 
collected earlier in the B419 project will be used as the reference area. 

The statistical tests will use the conservative assumption that an excavation site does not 
meet acceptability criterion: 

Ho: The excavation site does not meet acceptability criterion 

Ha: The excavation site meets acceptability criterion 

Since 100% sampling is not possible, there is always and unavoidably some uncertainty 
about the decision. Two types of errors are possible: incorrectly rejecting Ho or 
incorrectly accepting Ho. These are generally referred to as Type I and Type II errors 
respectively. In everyday language, the Type I error consists of deciding an excavation 
site is not contaminated when in fact it is; the Type II error consists of deciding an 
excavation site is contaminated when in fact it not. 

The power of a statistical test is the probability of correctly rejecting the null hypothesis. 
In this context, the power is the probability of demonstrating that an excavation site 
meets the acceptability criterion when in fact it does. The power of a statistical test is 
usually denoted by 1 , where   is the probability of a Type II error. The probability 
of a Type I error is usually denoted by  . Table A-1 illustrates these relationships. 
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Table A-1. Hypothesis test error definitions. 

 Decision based on statistical test 
True condition of 
excavation site Does not meet criterion Meets criterion 
Does not meet criterion 
(Ho is true) 

Correct decision 
(Probability = 1 ) 

Incorrect rejection of Ho
(Probability =  ) 

Meets criterion 
(Ho is false) 

Incorrect acceptance of Ho 
(Probability =  ) 

Correct decision 
(Power = 1 ) 

 

Number of confirmation samples 

The methods described in this section are used to calculate the number of required 
samples separately for each analyte. The final number of confirmation samples will be 
the largest among them. Before calculating the number of samples, the site history and 
characterization data were reviewed and appropriate analytes and their respective 
screening limits (SLs) were selected. 

In order to calculate the required number of samples, MARSSIM defines two values: the 
derived concentration guideline level (DCGL; also referred to as the upper bound of the 
gray region, or UBGR) and the lower bound of the gray region (LBGR). The interval 
between them is called “gray” because decision uncertainty is larger within the interval 
than outside it. 

The LBGR, the DCGL,  , and power are inputs to the statistical design. These, together 
with an estimated standard deviation (s), determine the number of required samples. The 
width of the gray region (DCGL-LBGR) is referred to as delta   . Delta divided by the 

standard deviation  s   is referred to as the relative shift. MARSSIM recommends that 

that the relative shift should be between 1 and 3. 

The sign test is used when the analyte is not present in the background, or present in the 
background at only a small fraction of the DCGL. The sign test is also used when fewer 
than 40% of the background samples are detections, because the WRS test cannot be 
performed with a large proportion of non-detections. Otherwise, the WRS is be used. 

For the following sample size calculations, the standard deviation is estimated from the 
reference data if possible, otherwise it is estimated from the B419 site-specific 
characterization samples. The LBGR is set at the median of the reference samples, if 
possible, otherwise at the median of the site-specific characterization samples. Summary 
statistics calculated from B419 site-specific characterization samples do not include any 
results above their respective SLs or non-detections with a reporting limit above the SL. 
The DCGL is set at the SL. The Type I error rate,  , is set at 0.1, and the power at 0.9, 
for both the WRS and sign tests.  
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Formulas and methods for calculating the number of samples are found in MARSSIM 
and NRC 1998, as well as the VSP and MARSSIM Methodology section below. Sample 
size calculations were performed using MARSSIM module of Visual Sample Plan (VSP) 
software (PNNL 2010). 

Results for analytes using the WRS test are summarized in the Table A-2. All 
calculations use the reference data.  

 
Table A-2. Required number of samples based on the WRS methodology. 

Constituent N of 
detections 

N of 
samples 

LBGR DCGL Std. 
Dev. 

Units Relative 
shift 

WRS N 

Arsenic 35 35 4.1 11 1.21 mg/kg 5.59 6 
Chromium 35 35 29 48.9 10.6 mg/kg 1.8 9 
Gross alpha 21 35 2.08 3.38 0.405 pCi/g 3.11 6 
Gross beta 30 35 2.8 4.47 0.611 pCi/g 2.83 6 

Results for analytes using the sign test are summarized in Table A-3. Analytes for which 
a sample size cannot be calculated are indicated with an NA in Table A-3. They will be 
tested using the sign test relative to their respective DCGLs. 

 Hexavalent chromium had no detections in either the reference data or the B419 
Site characterization samples, so the standard deviation cannot be estimated and a 
sample size cannot be calculated. 

 The LBGR for mercury estimated from the reference data is only a small fraction 
of the DCGL. 

 PCB 1248 was not analyzed for in the reference data and had only one detection 
in the B419 Site characterization samples, so the standard deviation cannot be 
estimated and a sample size cannot be calculated.  

 PCB 1254 was not analyzed for in the reference data, so the LBGR and standard 
deviation are estimated from B419 Site characterization samples. The resulting 
LBGR is only a small fraction of the DCGL. 
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Table A-3. Required number of samples based on the sign test methodology. 

Constituent 
N of 

detections 
N of 

samples LBGR DCGL 
Std. 
Dev. Units 

Relative 
shift 

Sign 
test N 

Hexavalent 
Chromium 0 35 NA 2.2 NA mg/kg NA NA 
Mercury 23 35 0.044 10 0.0181 mg/kg 550 9 
PCB 1248 1 212 NA 0.22 NA mg/kg NA NA 
PCB 1254 13 212 0.00498 0.22 0.017 mg/kg 12.3 9 

As mentioned above, MARSSIM recommends that the relative shift should be between 1 
and 3. It also suggests that when the relative shift is greater than three the LBGR should 
be adjusted upward to reduce the relative shift to a value no larger than three. The sample 
sizes shown in Tables A-2 and A-3 apply this adjustment, but the show the original 
LBGR and relative shift. 

Chromium has the smallest relative shift and therefore the largest required number of 
samples, 9. The number of samples to be collected in each excavation site is nine. 

VSP Results 

The following table, excerpted from the VSP sampling design report for chromium, 
summarizes the sampling design.   
 

SUMMARY OF SAMPLING DESIGN 
Primary Objective of Design Compare a site mean or median 

to a reference area mean or median 
Type of Sampling Design Nonparametric 
Sample Placement (Location) 
in the Field 

Systematic with a random start location 

Working (Null) Hypothesis The difference between the medians (means) 
is less than or equal to the threshold 

Formula for calculating 
number of sampling locations 

Wilcoxon Rank Sum Test - MARSSIM version 

Calculated total number of samples 
for each survey and reference area a 

9 

Number of samples on map b  9 
Number of selected sample areas c  1 
Specified sampling area d  (different for each excavation) 
Size of grid / Area of grid e  (different for each excavation) 
Grid pattern Square 
 
a Based on the analyte with the highest minimum number of survey unit samples. 
b This number may differ from the calculated number because of 1) grid edge effects, 2) adding 
judgment samples, or 3) selecting or unselecting sample areas. 
c The number of selected sample areas is the number of colored areas on the map of the site.  
These sample areas contain the locations where samples are collected. 
d The sampling area is the total surface area of the selected colored sample areas on the map of 
the site. 
e Size of grid / Area of grid gives the linear and square dimensions of the grid used to 
systematically place samples. 
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Interpretation of confirmation sampling results 

The following steps will be used to evaluate the confirmation sampling results. 

1. If the average of the results is greater than the SL, the excavation area does not 
meet the acceptance criterion. No statistical test is performed. 

2. If all of the individual results are below the SL, the excavation area meets the 
acceptance criterion. No statistical test is performed. 

3. If one or more individual results is above the SL and the average is below the SL, 
then the WRS test or sign test is performed. 

As mentioned above, the WRS and sign tests will be conducted as described in 
MARSSIM (see MARSSIM Sections 8.3 and 8.4). 

It should also be noted that the MARSSIM WRS methodology is designed to use the 
same number of samples in the reference area as in the “survey” area (the excavation 
site). For B419, there are 35 reference area samples, more than the required 9. This will 
give the WRS test additional power.  

Sample Locations and Maps 

This section provides tables of sampling location coordinates and maps showing their 
locations, for each of the four excavation sites. The maps are “unfolded” views of each 
excavation pit. In the center of each map is the bottom (or “floor”) of each pit. Walls are 
numbered clockwise from the top. The grid of small dots in each map indicates 1 foot 
spacing. The red dot in each map indicates the local origin (0,0) of the sampling location 
coordinates relative to the excavation pit. The true site coordinates of each local origin 
are given below. Coordinates are listed with precision as calculated by VSP, and may be 
rounded off as necessary for practical use in the field. 

When placing a regularly spaced grid over a geometric shape it is not always possible to 
position the grid so that the number of grid points within the shape exactly matches the 
desired number of sampling locations. The VSP sampling design report refers to this as 
“grid edge effects.” 
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Excavation site Near R167 

Sampling coordinates in the table below are relative to the “lower left” corner of the 
excavation at (X,Y) = (10992,9058), indicated by the red dot in the figure. Z coordinates 
are relative to the “floor” (bottom) of the 10 ft deep excavation. 
 
X Coord Y Coord Z Coord Surface 

2.9961 7.2283 0.0000 Floor 
12.1551 7.2283 0.0000 Floor 
0.5993 0.0000 5.8184 Wall 3 
9.7583 0.0000 5.8184 Wall 3 

13.0000 5.9174 5.8184 Wall 2 
12.9235 15.0000 5.8184 Wall 1 
3.7644 15.0000 5.8184 Wall 1 
0.0000 9.6053 5.8184 Wall 4 
0.0000 0.4462 5.8184 Wall 4 
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Excavation site Near R124 

Sampling coordinates in the table below are relative to the “lower left” corner of the 
excavation at (X,Y) = (10983,8974), indicated by the red dot in the figure below. Z 
coordinates are relative to the “floor” (bottom) of the 10 ft deep excavation. 
 
X Coord Y Coord Z Coord Surface 

2.2166 2.2890 0.0000 Floor 
11.0484 2.2890 0.0000 Floor 
0.3473 0.0000 8.5995 Wall 3 
9.1791 0.0000 8.5995 Wall 3 

18.0000 0.0109 8.5995 Wall 2 
18.0000 8.8426 8.5995 Wall 2 
9.3256 9.0000 8.5995 Wall 1 
0.4939 9.0000 8.5995 Wall 1 
0.0000 0.6621 8.5995 Wall 4 
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Excavation site Tank Vault 

Sampling coordinates in the table below are relative to the “lower left” corner of the 
excavation at (X,Y) = (10947,8934), indicated by the red dot in the figure below. Z 
coordinates are relative to the “floor” (bottom) of the 12 ft deep excavation. 
 
X Coord Y Coord Z Coord Surface 

4.2947 6.6936 0.0000 Floor 
16.1831 6.6936 0.0000 Floor 
0.4383 0.0000 6.8005 Wall 3 

12.3266 0.0000 6.8005 Wall 3 
20.0000 4.2150 6.8005 Wall 2 
20.0000 16.1034 6.8005 Wall 2 
10.0083 18.0000 6.8005 Wall 1 
0.0000 16.1199 6.8005 Wall 4 
0.0000 4.2315 6.8005 Wall 4 
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Excavation site Near R124 Pipe 

Sampling coordinates in the table below are relative to the “lower left” corner of the 
excavation at (X,Y) = (10976,8953), indicated by the red dot in the figure below. Z 
coordinates are relative to the “floor” (bottom) of the 3 ft deep excavation. The VSP 
software generated 10 sampling locations due to grid edge effects. 
 
X Coord Y Coord Z Coord Surface 

1.0569 0.4723 0.0000 Floor 
3.7236 0.4723 0.0000 Floor 
1.0569 3.1389 0.0000 Floor 
3.7236 3.1389 0.0000 Floor 
1.1754 0.0000 2.4615 Wall 3 
3.8420 0.0000 2.4615 Wall 3 
4.0000 2.5087 2.4615 Wall 2 
2.8246 4.0000 2.4615 Wall 1 
0.1580 4.0000 2.4615 Wall 1 
0.0000 1.4913 2.4615 Wall 4 
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VSP and MARSSIM methodology 

The following excerpt from the VSP report for Chromium describes the sample size 
calculation in detail. 
 
Number of Total Samples:  Calculation Equation and Inputs 
The equation used to calculate the number of samples is based on Wilcoxon Rank Sum test 
published in MARSSIM (US EPA, et al, 1997).  For this site, the null hypothesis is rejected in 
favor of the alternative one if the difference between the site and reference area median (mean) 
is sufficiently larger than the threshold.  The number of samples to collect is calculated so that if 
the inputs to the equation are true, the calculated number of samples will cause the null 
hypothesis to be rejected. 
 
The formula used to calculate the number of samples is: 
 

 nm 
z1  z1 2

3 Pr  0.5 2  

where 

 Pr 


2stotal









  

 z  is the cumulative standard normal distribution on (-,z) (see PNNL-13450 for details), 
Pr is the probability that a measurement collected from a random location at the study site is 

greater than a measurement collected from a random location in a reference area.  See 
PNNL-13450 for details, 

n is the number of samples for the site and is equal to m, 
m is the number of samples for the reference area and is equal to n, 
Stotal is the estimated standard deviation of the measured values including analytical error, 
  is the width of the gray region, 
  is the acceptable probability of incorrectly concluding the difference between the 

medians(means) exceeds the threshold, 
  is the acceptable probability of incorrectly concluding the difference between the 

medians(means) is less than the threshold, 
z1  is the value of the standard normal distribution such that the proportion of the distribution 

less than z1 , is 1 , 

z1  is the value of the standard normal distribution such that the proportion of the distribution 

less than z1 , is 1 . 
 
Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to 
account for missing or unusable data and uncertainty in the calculated value of n.  VSP allows a 
user-supplied percent overage as discussed in MARSSIM (EPA 2000, p. 5-33). 
 
The values of these inputs that result in the calculated number of sampling locations are: 
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Analyte n MARSSIM 
Overage 

Parameter
S      z1  a z1  b 

Analyte 1 9 20% 7.33  19.9 0.1 0.05 1.28155 1.64485 
 
a This value is automatically calculated by VSP based upon the user defined value of . 
b This value is automatically calculated by VSP based upon the user defined value of . 

 

Sampling and analytical methods 

The confirmation sampling will include all TTLC metals listed in method SW 6010, and 
gross alpha and beta using the method 9310, at all four soil excavation areas. The 
confirmatory samples from the excavation near the Tank Vault will also be analyzed 
for polychlorinated biphenyls (PCBs) using the method SW 8082. The confirmatory 
samples from the excavation near Room 167 will also be analyzed for PCBs using the 
method SW 8082 and Hexavalent Chromium using method 3060A-7196. In addition, one 
sample from the bottom of each of the four excavations will be analyzed for tritium using 
method 906EPSM to provide additional information for the CERCLA program in the 
future. 
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ATTACHMENT B 
Closure Summary Document 

 

Overall Approach to Project Reactivation – The B419 project site has been in a safe 
standby condition awaiting additional funding and approvals to complete the RCRA 
closure activities since the initial demolition work was performed.   Similar to work 
accomplished to date, LLNL plans on self-executing the remaining demolition and 
closure activities using a combination of LLNL resources and subcontracted support.  
Initial reactivation efforts have been focused obtaining necessary resources and approvals 
to accomplish work such as reviewing and updating safety plans, preparing procurement 
documents to obtain necessary equipment, materials and subcontracted support, and 
initiating waste management documentation for off-site disposal at the Nevada National 
Security Site (NNSS). Additional information is briefly described below regarding 
remaining discrete activities, including a projected schedule for completing the remaining 
closure activities (Figure 1). 
 
LLNL will make every effort to complete the closure activities by the end of the calendar 
year, as DTSC has requested.  However, if the work cannot be completed due to 
inclement weather, revised completion dates will be discussed with DTSC. 

Remaining FY 2012/13 Discrete Activities 

Documents Preparation and Retention 
This activity includes project documentation and close out records.  
Slab and Tank Enclosure Demolition and Contaminated Soil Excavation 
The building slab and tank enclosure pit structure will be demolished and the associated 
contaminated soil below rooms 167 and 124, and the area adjacent to the tank vault will 
be excavated and removed. The estimated volumes of concrete and soil waste that will be 
generated by the remaining activities are shown in Table 1, and the excavation areas are 
shown in Figure 2. 
The demolition will begin by processing concrete to rubble for loading/packaging by the 
large excavator. When the concrete has been completely removed, the soil will be 
excavated and packaged into waste bags on pallets. An additional excavator may be 
utilized to demolish the non-RCRA portions of the building simultaneously. When the 
slab and contaminated soil work is complete, work will move to the vault. Soil will be 
removed from around the vault walls and then the concrete structure will be demolished, 
processed and removed. Sampling will occur when the deeper excavation areas are 
exposed, the pits will be lined with a geotextile fabric and backfilling and compaction 
will commence following the installation of the fabric. LLNL has stockpiled clean soil 
from other on-site construction projects for use as backfill. 
 
Based on the over 220 soil samples that were collected, analyzed, and risk-based 
modeled, soil excavation is being proposed from four distinct areas; under room 167, 
under room 124, the area near room 124 associated with location B-419-R124-001, and 



the area surrounding the tank vault. 
 
Based on a review of the analytical results it was determined that the soil under room 
167 would need to be managed as a hazardous waste due to the presence of 
trichloroethylene.  Since trichloroethylene was used as a solvent in the facility it was 
determined that the waste should be managed as a listed waste and a F002 code 
should be applied to all of the waste removed from below room 167.  All of the 
analytical results were well below the LDR limit; therefore, this waste does not 
require treatment and can be directly disposed of as mixed waste meeting LDR. 
 
Based on a review of the analytical results it was determined that the soil under room 
124, and in the area near room 124 associated with location B-419-R124-001 will be 
managed as low-level radioactive waste.  
 
A review of the analytical results of the soil beneath the tank vault indicated no 
hazardous constituents were present. However, LLNL determined that the soil would 
need to be managed as a listed waste. Trichloroethylene (TCE) was used for its solvent 
purposes when the facility was used for RCRA operations, and LLNL personnel who 
worked in the facility reported spills within the tank vault, where the piping was routed 
from Room 167. Therefore, the F002 hazardous waste listing will be applied to the soil 
removed from the vault area. Since no hazardous constituents were detected, the soil does 
not require treatment and can be directly disposed of as mixed waste meeting LDR.  
 
Field Sampling and Analysis 
The sampling plan will be updated to include the acquisition of soil samples from post 
excavation verification locations. An estimated 9 random samples from each of the 
excavation areas will be collected using a possible combination of methods, including 
excavator bucket, drill rig and/or hand auger. The resulting samples will be shipped to an 
offsite California-certified laboratory for analysis.  
Waste Transportation and Disposal 
The final phase of the B419 Demolition is expected to generate up to 55 shipments of 
low-level radioactive waste, 33 shipments of mixed waste meeting LDR to NNSS. 
LLNL’s Radioactive and Hazardous Waste Management Program personnel will oversee 
the packaging and shipping of waste to ensure the NNSS disposal site waste acceptance 
criteria and requirements are met.  
Site Restoration and Demobilization 
The B419 site will be returned to grade, and the project will consist of repairing and 
replacing damaged paving and demobilizing the project equipment. An asphalt layer will 
be applied to the project area, and the grading and paving will be performed to assure 
proper drainage. When all waste has been removed from the project site and the waste 
accumulation area is closed, the project site will be closed. Assuming regulatory 
concurrence that all closure activities have been satisfactorily completed, the paved area 
will be released to the institution.  
Professional Engineering Oversight/ Certificate of Closure 



The Professional Engineer will continue overseeing the RCRA closure activities to 
ensure that activities are being performed in accordance with the DTSC-approved 
Closure Plan as amended. The certified Professional Engineer who has been maintaining 
documentation of his closure inspections and reviews of all analytical and other data 
generated during closure will prepare the final closure certification. This will be 
submitted within 60 days after the completion of closure activities. 
 
Figure 1. Estimated project schedule 

 
 
  



Figure 2. Proposed soil removal volumes beneath Building 419. 

 
  



Table 1. Projected waste volumes for remaining activities. 
 

Media Volume to be Shipped 1 Characterization 
Facility Concrete Pad 473 yds3 Low-level waste 

Soil Beneath R-167 144 yds3 Mixed waste 

Soil Beneath R-124 120 yds3 (2) Low-level waste 

Concrete Tank Vault 20 yds3 Mixed waste 

Soil Beneath Tank Vault 226 yds3 Mixed waste 
1 The volumes take into account fluffing that occurs during digging operations, packaging efficiencies, and 
any potential slight increases in volume during digging operations. 
2 Includes volume of soil removed from the area near room 124 associated with location B-419-R124-001. 
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Appendix M 

List of Clean Closure Standards 

(also referred to as Screening Levels) 

 





Compound description Units Maximum Value

Detected at

Building 419

LLNL 

Background

Value

EPA 

Residential

Screening 

Level

Other

Screening 

Levels

Clean Closure 

Standards

Used for 

Building 419

RCRA Closure

Description

Antimony mg/kg 2.9 2.2 31 31

Arsenic mg/kg 37 7.59 0.39 11 11 Regional background based on SFRWQCB study is 11 mg/kg

Barium mg/kg 1000 332 15000 15000

Beryllium mg/kg 40 0.55 160 160

Cadmium mg/kg 4 0.55 70 70

Chromium mg/kg 300 48.9 48.9 Background value selected for screening

Cobalt mg/kg 170 16.7 23 660 660 CHHSL screening level selected per DTSC

Copper mg/kg 200 35.8 3100 3100

Hexavalent Chromium mg/kg 12 2.2 0.29 2.2 Background value selected for screening

Lead mg/kg 330 14.3 400 80 400 DTSC HHRA Note #3, 95% UCL should be below 80 mg/kg

Mercury mg/kg 66 0.0759 10 10

Molybdenum mg/kg 7 1.1 390 390

Nickel mg/kg 430 70.1 1500 1500

Selenium mg/kg 0.74 0.55 390 390

Silver mg/kg 9 1.1 390 390

Thallium mg/kg 1.2 1.1 0.78 5 5 CHHSL screening level selected per DTSC

Vanadium mg/kg 180 43.7 390   390

Zinc mg/kg 280 69.8 23000 23000

1,1‐Dichloroethene mg/kg 0.018 240 240

1,2‐Dichloroethane mg/kg 0.067 0.43 0.43

Acetone mg/kg 0.43 61000 61000

Benzene mg/kg 0.024 1.1 1.1

Carbon tetrachloride mg/kg 0.009 0.61 0.61

Methylene chloride mg/kg 0.015 11 11

Tetrachloroethene mg/kg 0.0095 0.55 0.55

Toluene mg/kg 0.023 5000 5000

Trichloroethene mg/kg 0.43 0.91 0.91

Benzo(a)anthracene mg/kg 0.37 0.15 4 0.4 mg/kg background in benzo(a)pyrene eqivalency

Benzo(b)fluoranthene mg/kg 0.42 0.15 4 0.4 mg/kg background in benzo(a)pyrene eqivalency

Bis(2‐ethylhexyl)phthalate mg/kg 5.9 35 35

Chrysene mg/kg 0.41 15 15

Diesel Fuel mg/kg 610 N/A Compound not within Bldg. 419 footprint, no action required per DTSC

Fluoranthene mg/kg 0.84 2300 2300

Gasoline fingerprint mg/kg 1.2 N/A Compound not within Bldg. 419 footprint, no action required per DTSC

m‐ and p‐Xylene Isomers mg/kg 0.0089 630 630

Naphthalene mg/kg 0.007 3.6 3.6

PCB 1248 mg/kg 0.35 0.22 0.22

PCB 1254 mg/kg 6.9 0.22 0.22

Phenanthrene mg/kg 0.77 4 0.4 mg/kg background in benzo(a)pyrene eqivalency

Pyrene mg/kg 0.74 1700 1700

Actinium 228 pCi/g 0.97 1.5 679 679

Americium 241 pCi/g 150 0.062 1.8 1.8

Bismuth 214 pCi/g 0.52 0.912 7950 7950

Cesium 137 pCi/g 1.08 0.16 4.02 4.02

Cobalt 56 pCi/g 1.12 0.428 0.651 0.651

Curium 242 pCi/g 0.24 0.0143 320 320
Gross alpha pCi/g 262 3.38 3.38 Background value selected for screening
Gross beta pCi/g 28.1 4.47 4.47 Background value selected for screening

Lead 212 pCi/g 0.88 0.938 3550 3550

Lead 214 pCi/g 0.58 0.844 44800 44800

Plutonium 238 pCi/g 1.07 0.0355 2.95 2.95

Plutonium 239+240 pCi/g 32.2 0.046 2.58 2.58

Potassium 40 pCi/g 13.4 18.4 0.116 18.4 Background value selected for screening

Strontium 90 pCi/g 1.15 0.264 0.344 0.344

Thallium 208 pCi/g 0.33 0.371 23100 23100

Thorium 228 pCi/g 0.83 0.991 23.4 23.4

Thorium 230 pCi/g 0.6 0.957 3.46 3.46

Thorium 232 pCi/g 0.78 0.983 3.07 3.07

Thorium 234 pCi/g 30 2.44 1270 1270

Tritium pCi/g 1920 0.106 0.882 110 110 DOE Order 458.1 and FR V64 68396

Uranium 234 and Uranium 233 pCi/g 18.4 0.76 3.86 3.86

Uranium 235 and Uranium 236 pCi/g 1.39 0.0904 0.192 0.192

Uranium 238 pCi/g 46 0.717 4.48 4.48



Compounds Not Detected at Building 419

Compound description Units Maximum Value

Detected at

Building 419

LLNL 

Background

Value

EPA 

Residential

Screening 

Level

Other

Screening 

Levels

Screening Level

Used for 

Building 419

RCRA Closure

Comment

1,1‐Dichloroethane mg/kg <0.0033 3.3 3.3

1,1‐Dichloropropene mg/kg <0.0033 N/A Compound not detected

1,1,1‐Trichloroethane mg/kg <0.0033 8700 8700

1,1,1,2‐Tetrachloroethane mg/kg <0.0033 1.9 1.9

1,1,2‐Trichloroethane mg/kg <0.0033 1.1 1.1

1,1,2,2‐Tetrachloroethane mg/kg <0.0033 0.56 0.56

1,2‐Dibromo‐3‐chloropropane mg/kg <0.0066 0.0054 0.0054

1,2‐Dichlorobenzene mg/kg <0.0033 1900 1900

1,2‐Dichloropropane mg/kg <0.0033 0.94 0.94

1,2,3‐Trichlorobenzene mg/kg <0.0033 49 49

1,2,3‐Trichloropropane mg/kg <0.0033 0.005 0.005

1,2,4‐Trichlorobenzene mg/kg <0.0033 22 22

1,2,4‐Trimethylbenzene mg/kg <0.0033 62 62

1,3‐Dichlorobenzene mg/kg <0.0033 N/A Compound not detected

1,3‐Dichloropropane mg/kg <0.0033 1600 1600

1,3,5‐Trimethylbenzene mg/kg <0.0033 780 780

1,4‐Dichlorobenzene mg/kg <0.0033 2.4 2.4

2‐Butanone mg/kg <0.013 28000 28000

2‐Chloroethylvinylether mg/kg <0.0033 N/A Compound not detected

2‐Chloronaphthalene mg/kg <0.31 6300 6300

2‐Chlorophenol mg/kg <0.31 390 390

2‐Chlorotoluene mg/kg <0.0033 1600 1600

2‐Hexanone mg/kg <0.013 210 210

2‐Methyl‐4,6‐dinitrophenol mg/kg <0.62 4.9 4.9

2‐Methylnaphthalene mg/kg <0.31 310 310

2‐Nitroaniline mg/kg <0.62 610 610

2‐Nitrophenol mg/kg <0.31 N/A Compound not detected

2,2‐Dichloropropane mg/kg <0.0033 N/A Compound not detected

2,4‐Dichlorophenol mg/kg <0.31 180 180

2,4‐Dimethylphenol mg/kg <0.31 1200 1200

2,4‐Dinitrophenol mg/kg <0.62 120 120

2,4‐Dinitrotoluene mg/kg <0.31 1.6 1.6

2,4,5‐Trichlorophenol mg/kg <0.31 6100 6100

2,4,6‐Trichlorophenol mg/kg <0.31 44 44

2,6‐Dinitrotoluene mg/kg <0.31 61 61

3‐Nitroaniline mg/kg <0.62 N/A Compound not detected

3,3‐Dichlorobenzidine mg/kg <0.31 1.1 1.1

4‐Bromophenylphenylether mg/kg <0.31 N/A Compound not detected

4‐Chloro‐3‐methylphenol mg/kg <0.31 6100 6100

4‐Chloroaniline mg/kg <0.31 2.4 2.4

4‐Chlorophenylphenylether mg/kg <0.31 N/A Compound not detected

4‐Chlorotoluene mg/kg <0.0033 1600 1600

4‐Methyl‐2‐pentanone mg/kg <0.013 5300 5300

4‐Nitroaniline mg/kg <0.62 24 24

4‐Nitrophenol mg/kg <0.62 N/A Compound not detected

Acenaphthene mg/kg <0.31 3400 3400

Acenaphthylene mg/kg <0.31 N/A Compound not detected

Aniline mg/kg <0.31 85 85

Anthracene mg/kg <0.31 17000 17000

Benzidine mg/kg <1.5 0.0005 0.0005

Benzo(a)pyrene mg/kg <0.31 0.015 0.4 0.4 mg/kg background in benzo(a)pyrene eqivalency

Benzo(g,h,i)perylene mg/kg <0.31 4 0.4 mg/kg background in benzo(a)pyrene eqivalency

Benzo(k)fluoranthene mg/kg <0.31 1.5 1.5

Benzoic Acid mg/kg <1.5 240000 240000

Benzyl Alcohol mg/kg <0.31 6100 6100

Bis(2‐chloroethoxy)methane mg/kg <0.31 180 180

Bis(2‐chloroethyl)ether mg/kg <0.31 0.21 0.21

Bis(2‐chloroisopropyl)ether mg/kg <0.31 4.6 4.6

Bromobenzene mg/kg <0.0033 300 300

Bromodichloromethane mg/kg <0.0033 0.27 0.27

Bromoform mg/kg <0.0033 62 62

Bromomethane mg/kg <0.0033 7.3 7.3

Butylbenzylphthalate mg/kg <0.31 260 260

Carbon disulfide mg/kg <0.0033 820 820

Chlorobenzene mg/kg <0.0033 290 290

Chloroethane mg/kg <0.0033 15000 15000

Chloroform mg/kg <0.0033 0.29 0.29

Chloromethane mg/kg <0.0033 120 120

cis‐1,2‐Dichloroethene mg/kg <0.0033 160 160

cis‐1,3‐Dichloropropene mg/kg <0.0033 N/A Compound not detected

Cyanide mg/kg <0.51 1600 1600

Di‐n‐octylphthalate mg/kg <0.31 N/A Compound not detected

Dibenzo(a,h)anthracene mg/kg <0.31 0.015 0.015

Dibenzofuran mg/kg <0.31 78 78
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LLNL 

Background
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Dibromochloromethane mg/kg <0.0033 0.68 0.68

Dibromomethane mg/kg <0.0033 25 25

Dibutylphthalate mg/kg <0.31 6100 6100

Dichlorodifluoromethane mg/kg <0.0033 94 94

Diethylphthalate mg/kg <0.31 49000 49000

Dimethylphthalate mg/kg <0.31 N/A Compound not detected

Ethylbenzene mg/kg <0.0033 5.4 5.4

Ethylene Dibromide mg/kg <0.0033 0.034 0.034

Fluorene mg/kg <0.31 2300 2300

Freon 113 mg/kg <0.0033 43000 43000

Hexachlorobenzene mg/kg <0.31 0.3 0.3

Hexachlorobutadiene mg/kg <0.0033 6.2 6.2

Hexachlorocyclopentadiene mg/kg <0.31 370 370

Hexachloroethane mg/kg <0.31 12 12

Indeno(1,2,3‐c,d)pyrene mg/kg <0.31 0.15 0.15

Isophorone mg/kg <0.31 510 510

Isopropylbenzene mg/kg <0.0033 2100 2100

m‐Cresol mg/kg <0.31 3100 3100

n‐Butylbenzene mg/kg <0.0033 3900 3900

N‐Nitrosodi‐n‐propylamine mg/kg <0.31 0.069 0.069

N‐Nitrosodimethylamine mg/kg <0.31 0.0023 0.0023

N‐Nitrosodiphenylamine mg/kg <0.31 99 99

n‐Propylbenzene mg/kg <0.0033 3400 3400

Nitrobenzene mg/kg <0.31 4.8 4.8

o‐Cresol mg/kg <0.31 3100 3100

o‐Xylene mg/kg <0.0033 690 690

p‐Isopropyl toluene mg/kg <0.0033 N/A Compound not detected

Pentachlorophenol mg/kg <0.62 0.89 0.89

Phenol mg/kg <0.31 18000 18000

sec‐Butylbenzene mg/kg <0.0033 N/A Compound not detected

Styrene mg/kg <0.0033 6300 6300

tert‐Butylbenzene mg/kg <0.0033 N/A Compound not detected

trans‐1,2‐Dichloroethene mg/kg <0.0033 150 150

trans‐1,3‐Dichloropropene mg/kg <0.0033 N/A Compound not detected

Trichlorofluoromethane mg/kg <0.0033 790 790

Vinyl acetate mg/kg <0.013 970 970

Vinyl chloride mg/kg <0.0033 0.06 0.06

PCB 1016 mg/kg <0.031 3.9 3.9

PCB 1221 mg/kg <0.062 0.14 0.14

PCB 1232 mg/kg <0.031 0.14 0.14

PCB 1242 mg/kg <0.031 0.22 0.22

PCB 1260 mg/kg <0.031 0.22 0.22

PCB 1262 mg/kg <0.031 N/A Compound not detected

PCB 1268 mg/kg <0.031 N/A Compound not detected

Aluminum 26 pCi/g <0.21 0.133 0.00892 0.133 Compound not detected, background value selected for screening

Antimony 124 pCi/g <0.37 0.145 1.63 1.63

Antimony 125 pCi/g <0.4 0.35 0.472 0.472

Beryllium 7 pCi/g <2.8 1.15 75.6 75.6

Bismuth 212 pCi/g <1.9 2.52 20500 20500

Carbon 14 pCi/g <20 10.2 0.476 10.2 Compound not detected, background value selected for screening

Cerium 139 pCi/g <0.16 0.0777 12.8 12.8

Cerium 144 pCi/g <0.97 0.626 43.3 43.3

Cesium 134 pCi/g <0.17 0.189 0.163 0.189 Compound not detected, background value selected for screening

Chromium 51 pCi/g <4.6 0.957 239 239

Cobalt 57 pCi/g <0.11 0.0547 8.09 8.09

Cobalt 58 pCi/g <0.32 0.181 8.09 8.09

Cobalt 60 pCi/g <0.149 0.154 0.0389 0.154 Compound not detected, background value selected for screening

Curium 244 pCi/g <0.1 0.0269 6.65 6.65

Europium 152 pCi/g <0.97 0.88 0.0406 0.88 Compound not detected, background value selected for screening

Europium 154 pCi/g <1.2 0.852 0.0479 0.852 Compound not detected, background value selected for screening

Europium 155 pCi/g <0.39 0.34 3.63 3.63

Iodine 131 pCi/g <4.5 0.395 63.8 63.8

Iron 59 pCi/g <0.74 0.399 3.49 3.49

Manganese 54 pCi/g <0.18 0.159 0.726 0.726

Niobium 94 pCi/g <0.21 0.137 0.016 0.137 Compound not detected, background value selected for screening

Niobium 95 pCi/g <0.36 0.169 N/A Compound not detected

Protactinium 234m pCi/g <28 29.6 13600000 13600000

Ruthenium 106 pCi/g <2.2 1.25 41.2 41.2

Scandium 46 pCi/g <0.39 0.134 1.11 1.11

Silver 110m pCi/g <0.19 0.161 0.254 0.254

Sodium 22 pCi/g <0.22 0.188 0.0902 0.188 Compound not detected, background value selected for screening

Technetium 99 pCi/g <3 0.647 0.261 0.647 Compound not detected, background value selected for screening

Thorium 227 pCi/g <0.64 1.05 105 105

Uranium 235 pCi/g <0.57 0.645 0.192 0.645 Compound not detected, background value selected for screening

Zinc 65 pCi/g <0.54 0.261 1.25 1.25
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This Information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this Information. 
Specifications subject to change without notice. GSE and other trademarks in this document are registered trademarks of GSE Lining Technology, LLC in the United States and certain 
foreign countries. REV 09MAY2012

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve 
built a reputation of reliability through our dedication to providing consistency of product, price 
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow  
us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution.

For more information on this product and others, please visit us at 
GSEworld.com, call 800.435.2008 or contact your local sales office.

PRODUCT DATA SHEET

AT THE CORE:
Civil nonwoven 

geotextiles are used in the 

transportation industry for 

construction of roadways.

GSE CE Nonwoven Needlepunched Geotextiles
GSE CE Geotextiles are a family of staple fiber nonwoven needle-punched geotextiles 

developed and manufactured with the specific intent to meet AASHOT M288 

requirements. The geotextiles are manufactured using an advanced manufacturing and 

quality system to produce the most uniform and consistent nonwoven needle-punched 

geotextile currently available in the industry. GSE combines a fiber selection and approval 

system with an in-line quality control and a state-of-the-art laboratory to ensure that 

every roll shipped meets customer specifications and for various applications.

Product Specifications  
Tested Property(2) Test Method Minimum Average Roll Value(1)

CE3 CE4 CE6 CE8

Grab Tensile Strength, lb ASTM D 4632 90 120 160 205

Grab Elongation, % ASTM D 4632 50 50 50 50

Puncture Strength, lb ASTM D 4833 55 65 90 120

Mullen Burst Strength, psi ASTM D 3786 175 230 280 350

Trapezoidal Tear, lb ASTM D 4533 40 50 65 85

UV Resistance, % retained after 500 hours ASTM D 4355 70 70 70 70

Apparent Opening Size, Sieve No., (mm) ASTM D 4751 70 (0.212) 70 (0.212) 70 (0.212) 80 (0.180)

Permittivity, sec-1 ASTM D 4491 2.0 2.0 1.5 1.3

Flow rate, gal/min/ft2 ASTM D 4491 150.0 140.0 110.0 95.0

AASHTO M288 Class <3 3 2 1

TYPICAL ROLL DIMENSIONS

Roll Width x Length(3) CE3
(15’ x 360’) 600 sy

CE3N(4)

(12.5’ x 360‘) 
500 sy

CE4
(15’ x 360’) 600 sy

CE4N(4)

(12.5’ x 360‘) 
500 sy

CE6
(15’ x 300’) 500 sy

CE6N(4)

(12.5’ x 360‘) 
500 sy

CE8
(15’ x 300’) 500 sy

CE8N(4)

(12.5’ x 360‘) 
500 sy

NOTES:

• (1)All values are minimum average roll values except apparent opening size in mm which is a maximum average roll value.

• (2)All values in weaker principal direction.

• (3)Roll lengths and widths have a tolerance of ±1%.

• (4)N denotes Narrow.
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Building 419 Post-excavation Confirmation Sampling 

Overview 

Four areas were identified for soil removal. Following soil removal, nine samples were 
collected from each area to provide additional statistically based confidence that the soil 
removal was sufficient. This appendix how the number and placement of confirmation 
samples was determined, and how the analytical results were subsequently used. The 
approach was based on methods in the Multi-Agency Radiation Source and Site 
Investigation Manual (MARSSIM; US EPA, 2000).  

Statistical methodology 

Following discussions with the DTSC, it was determined that confirmation would be 
based on statistical tests, either the Wilcoxon Rank Sum (WRS) test or the Sign test, 
depending on factors described below. The tests were to be implemented as described in 
MARSSIM. For the WRS test, the randomized LLNL site-wide background samples 
collected earlier in the B419 project (Appendix H) would be used as the reference area. 

The sampling design assumed that statistical tests would use the conservative assumption 
that an excavation site does not meet acceptability criterion: 

Ho: The excavation site does not meet acceptability criterion 

Ha: The excavation site meets acceptability criterion 

Since 100% sampling is not possible, there is always and unavoidably some uncertainty 
about the decision. Two types of errors are possible: incorrectly rejecting Ho or 
incorrectly accepting Ho. These are generally referred to as Type I and Type II errors 
respectively. In everyday language, the Type I error consists of deciding an excavation 
site is not contaminated when in fact it is; the Type II error consists of deciding an 
excavation site is contaminated when in fact it not. The power of a statistical test is the 
probability of correctly rejecting the null hypothesis. The significance level is the 
probability of incorrectly rejecting the null hypothesis. Table A-1 illustrates these 
relationships. 
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Table A-1. Hypothesis test error definitions. 

 Decision based on statistical test 
True condition of 
excavation site Does not meet criterion Meets criterion 
Does not meet criterion 
(Ho is true) 

Correct decision 
(Probability = ) 

Incorrect rejection of Ho 
(Probability = ) 

Meets criterion 
(Ho is false) 

Incorrect acceptance of Ho 
(Probability = ) 

Correct decision 
(Power = ) 

 

Number of confirmation samples 

The methods described in this section were used to calculate the number of required 
samples separately for each analyte. The final number of confirmation samples was the 
largest among them. Before calculating the number of samples, the site history and 
characterization data were reviewed and appropriate analytes and their respective 
screening limits (SLs) were selected.  

In order to calculate the required number of samples, MARSSIM defines two values: the 
derived concentration guideline level (DCGL; also referred to as the upper bound of the 
gray region, or UBGR) and the lower bound of the gray region (LBGR). The interval 
between them is called “gray” because decision uncertainty is larger within the interval 
than outside it. 

The LBGR, the DCGL, , and power are inputs to the statistical design. These, together 
with an estimated standard deviation (s), determine the number of required samples. The 
width of the gray region (DCGL-LBGR) is referred to as delta . Delta divided by the 

standard deviation  is referred to as the relative shift. MARSSIM recommends that 

that the relative shift should be between 1 and 3. 

The sign test is used when the analyte is not present in the background, or present in the 
background at only a small fraction of the DCGL. The sign test is also used when fewer 
than 40% of the background samples are detections, because the WRS test cannot be 
performed with a large proportion of non-detections. Otherwise, the WRS is used. 

For the following sample size calculations, the standard deviation was estimated from the 
reference data if possible, otherwise it was estimated from B419 site-specific 
characterization samples. The LBGR was set at the median of the reference samples, if 
possible, otherwise at the median of site-specific characterization samples. Summary 
statistics calculated from B419 site-specific characterization samples do not include any 
results above their respective SLs or non-detections with a reporting limit above the SL. 
The DCGL was set at the SL. The Type I error rate, , was set at 0.1, and the power at 
0.9, for both the WRS and sign tests.  
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Formulas and methods for calculating the number of samples are found in MARSSIM 
and NRC 1998, as well as the VSP and MARSSIM Methodology section below. Sample 
size calculations were performed using MARSSIM module of Visual Sample Plan (VSP) 
software (VSP 2012). 

Results for analytes using the WRS test are summarized in the Table A-2. All 
calculations use the reference data.  

 
Table A-2. Required number of samples based on the WRS methodology. 

Constituent N of 
detections 

N of 
samples 

LBGR DCGL Std. 
Dev. 

Units Relative 
shift 

WRS N 

Arsenic 35 35 4.1 11 1.21 mg/kg 5.59 6 
Chromium 35 35 29 48.9 10.6 mg/kg 1.8 9 
Vanadium 35 35 29 78 5.76 mg/kg 8.72 6 
Gross alpha 21 35 2.08 3.38 0.405 pCi/g 3.11 6 
Gross beta 30 35 2.8 4.47 0.611 pCi/g 2.83 6 

Results for analytes using the sign test are summarized in Table A-3. Analytes for which 
a sample size cannot be calculated are indicated by “NA” in Table A-3. They were tested 
using the sign test relative to their respective DCGLs. 

• Hexavalent chromium had no detections in either the reference data or the B419 
Site characterization samples, so the standard deviation cannot be estimated and a 
sample size cannot be calculated. 

• The LBGR for mercury estimated from the reference data was only a small 
fraction of the DCGL. 

• Thallium had no detections in the reference data, and only one detection in the 
B419 Site characterization samples, so the standard deviation cannot be estimated 
and a sample size cannot be calculated. 

• PCB 1248 was not analyzed for in the reference data and had only one detection 
in the B419 Site characterization samples, so the standard deviation cannot be 
estimated and a sample size cannot be calculated.  

• PCB 1254 was not analyzed for in the reference data, so the LBGR and standard 
deviation are estimated from B419 Site characterization samples. The resulting 
LBGR was only a small fraction of the DCGL. 

 



Page 4 

Table A-3. Required number of samples based on the sign test methodology. 

Constituent 
N of 

detections 
N of 

samples LBGR DCGL 
Std. 
Dev. Units 

Relative 
shift 

Sign 
test N 

Hexavalent 
Chromium 0 35 NA 2.2 NA mg/kg NA NA 
Mercury 23 35 0.044 10 0.0181 mg/kg 550 9 
Thallium 0 35 NA 5 NA mg/kg NA NA 
PCB 1248 1 212 NA 0.22 NA mg/kg NA NA 
PCB 1254 13 212 0.00498 0.22 0.017 mg/kg 12.3 9 

As mentioned above, MARSSIM recommends that the relative shift should be between 1 
and 3. It also suggests that when the relative shift is greater than three the LBGR should 
be adjusted upward to reduce the relative shift to a value no larger than three. The sample 
sizes shown in Tables A-2 and A-3 apply this adjustment, but the show the original 
LBGR and relative shift. 

Chromium had the smallest relative shift and therefore the largest required number of 
samples, nine. The number of samples to be collected in each excavation site was nine. 

Interpretation of confirmation sampling results 

Based on discussions with the DTSC, the following steps were used to evaluate the 
confirmation sampling results. 

1. If the average of the results is greater than the SL, the excavation area does not 
meet the acceptance criterion. No statistical test is performed. 

2. If all of the individual results are below the SL, the excavation area meets the 
acceptance criterion. No statistical test is performed. 

3. If one or more individual results is above the SL and the average is below the SL, 
then the WRS test or sign test is performed. 

As mentioned above, the WRS and sign tests were conducted as described in MARSSIM 
(see MARSSIM Sections 8.3 and 8.4). 

It should also be noted that the MARSSIM WRS methodology is designed to use the 
same number of samples in the reference area as in the “survey” area (the excavation 
site). For B419, there are 35 reference area samples, more than the required 9. This gave 
the WRS test additional power.  

Sample Locations and Maps 

This section provides tables of sampling location coordinates and maps showing their 
locations, for each of the four excavation sites. The maps are “unfolded” views of each 
excavation pit. In the center of each map is the bottom (or “floor”) of each pit. Walls are 
numbered clockwise from the top. The grid of small dots in each map indicates 1 foot 
spacing. The red dot in each map indicates the local origin (0,0) of the sampling location 
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coordinates relative to the excavation pit. The true site coordinates of each local origin 
are given below. Coordinates are listed with precision as calculated by VSP, and may be 
rounded off as necessary for practical use in the field. 

When placing a regularly spaced grid over a geometric shape it is not always possible to 
position the grid so that the number of grid points within the shape exactly matches the 
desired number of sampling locations. The VSP sampling design report refers to this as 
“grid edge effects.” 
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Excavation site Near R167 

Sampling coordinates in the table below are relative to the “lower left” corner of the 
excavation at (X,Y) = (10992,9058), indicated by the red dot in the figure. Z coordinates 
are relative to the “floor” (bottom) of the 10 ft deep excavation. 
 
X Coord Y Coord Z Coord Surface 

2.9961 7.2283 0.0000 Floor 
12.1551 7.2283 0.0000 Floor 
0.5993 0.0000 5.8184 Wall 3 
9.7583 0.0000 5.8184 Wall 3 

13.0000 5.9174 5.8184 Wall 2 
12.9235 15.0000 5.8184 Wall 1 
3.7644 15.0000 5.8184 Wall 1 
0.0000 9.6053 5.8184 Wall 4 
0.0000 0.4462 5.8184 Wall 4 
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Excavation site Near R124 

Sampling coordinates in the table below are relative to the “lower left” corner of the 
excavation at (X,Y) = (10983,8974), indicated by the red dot in the figure below. Z 
coordinates are relative to the “floor” (bottom) of the 10 ft deep excavation. 
 
X Coord Y Coord Z Coord Surface 

2.2166 2.2890 0.0000 Floor 
11.0484 2.2890 0.0000 Floor 
0.3473 0.0000 8.5995 Wall 3 
9.1791 0.0000 8.5995 Wall 3 

18.0000 0.0109 8.5995 Wall 2 
18.0000 8.8426 8.5995 Wall 2 
9.3256 9.0000 8.5995 Wall 1 
0.4939 9.0000 8.5995 Wall 1 
0.0000 0.6621 8.5995 Wall 4 
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Excavation site Tank Vault 

Sampling coordinates in the table below are relative to the “lower left” corner of the 
excavation at (X,Y) = (10947,8934), indicated by the red dot in the figure below. Z 
coordinates are relative to the “floor” (bottom) of the 12 ft deep excavation. 
 
X Coord Y Coord Z Coord Surface 

4.2947 6.6936 0.0000 Floor 
16.1831 6.6936 0.0000 Floor 
0.4383 0.0000 6.8005 Wall 3 

12.3266 0.0000 6.8005 Wall 3 
20.0000 4.2150 6.8005 Wall 2 
20.0000 16.1034 6.8005 Wall 2 
10.0083 18.0000 6.8005 Wall 1 
0.0000 16.1199 6.8005 Wall 4 
0.0000 4.2315 6.8005 Wall 4 
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Excavation site Near R124 Pipe 

Sampling coordinates in the table below are relative to the “lower left” corner of the 
excavation at (X,Y) = (10976,8953), indicated by the red dot in the figure below. Z 
coordinates are relative to the “floor” (bottom) of the 3 ft deep excavation. The VSP 
software generated 10 sampling locations due to grid edge effects. 
 
X Coord Y Coord Z Coord Surface 

1.0569 0.4723 0.0000 Floor 
3.7236 0.4723 0.0000 Floor 
1.0569 3.1389 0.0000 Floor 
3.7236 3.1389 0.0000 Floor 
1.1754 0.0000 2.4615 Wall 3 
3.8420 0.0000 2.4615 Wall 3 
4.0000 2.5087 2.4615 Wall 2 
2.8246 4.0000 2.4615 Wall 1 
0.1580 4.0000 2.4615 Wall 1 
0.0000 1.4913 2.4615 Wall 4 
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Sampling and analytical methods 

The confirmation sampling included all TTLC metals listed in method SW 6010, and 
gross alpha and beta using the method 9310, at all four soil excavation areas. The 
confirmatory samples from the excavation near the Tank Vault were also be analyzed 
for PCB 1248 and PCB 1254 using the method SW 8082. The confirmatory samples from 
the excavation near Room 167 was also analyzed for the same two arachlors using SW 
8082 and Hexavalent Chromium using method 3060A-7196. In addition, one sample 
from the bottom of each of the four excavations was analyzed for tritium using method 
906EPSM, to provide additional information for the CERCLA program in the future. 
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Evaluation of confirmation sampling results 

The following sections describe the evaluation of the confirmation sampling results. 

Reporting limits exceeding the DCGL. 

Following the three steps described above in the “Interpretation of confirmation sampling 
results” section is simple and straightforward when all results are considered to be 
detections. Following the steps is also straightforward when there are non-detections and 
the reporting limits (RLs) are all less than the DCGL (SL), because in this case the Step 2 
comparison with the DCGL can be performed. However, in some instances the analytical 
laboratory performed dilutions, causing the RL to exceed the DCGL, in which case the 
Step 2 evaluation cannot be performed using the RL.  

Two approaches were used to deal with this problem. One was to use “worst case” - “best 
case” analyses; the other was to use method detection limits (MDLs) instead of RLs. 

For Step 1, a “best case” sample average can be calculated by using zero for all NDs; this 
is the lowest the average can possibly be. The “worst case” average consisting of 
calculating the average using RL as if it were an actual reported concentration. This is the 
largest the average can possibly be. If the maximum possible average was below the 
DCGL, then the constituent passes Step 1 and can proceed to Step 2. If the lowest 
possible average was greater than the DCGL, then the constituent fails at Step 1 (and no 
further steps are needed). If the DCGL was between the two values no determination can 
be made, and the evaluation proceeds to Step 2. 

The analytical laboratory also reported its MDLs. Provided that the MDL is also below 
the DCGL, a non-detection at the MDL level (a “U” flag) indicates a result below the 
DCGL, and the Step 2 comparison can be performed. In some cases the laboratory 
reported an estimated concentration between the MDL and the RL (a “B” flag). Such 
estimates are not as well quantified as results above the laboratory’s practical quantitation 
limit (not available), but can be used for comparison with the DCGL. When Step 2 could 
not be performed due to RLs above the DCGL, Step 2 was performed using MDLs and 
estimated concentrations between the MDL and RL. 

It is also possible to perform a worst-case sign test by treating RLs as if they were 
detections at the RL. With nine samples, a constituent passes the sign test if at least seven 
of them are below the DCGL (assuming no ties). If all nine results are ND, and seven of 
them have an RL that was less than the DCGL, then at least seven results are below the 
DCGL and the constituent passes. Although it is unknown whether the other two are 
above the DCGL, the constituent passes even if they are above the DCGL.  

Statistical evaluation results 

With one exception, all sets of data met the acceptance criterion. 
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PCB 1254 had 7 non-detections and 2 detections. The two detections, however, had 
concentrations of 390 µg/kg and 4000 µg/kg, both exceeding the DCGL of 220 µg/kg 
(and in one instance by a great deal). The minimum possible average was 488 µg/kg 
which exceeds the DCGL. The data set does not meet the acceptance criterion according 
to Step 1. 

Non-statistical evaluation results 

DOE/LLNL also analyzed soil samples from all 36 confirmation sampling locations for 
lead. The confirmation results are similar to the previous soil characterization sampling 
results. The results for lead range from 3.9 mg/kg to 250 mg/kg, with an average value of 
16.4 mg/kg. The distribution of lead in soil does not indicate a localized area with 
elevated lead concentrations (a hot spot).  LLNL followed the guidance described in 
DTSC’s Human Health Risk Assessment Note Number 4 (DTSC HERO HHRA Note 4, 
June 9, 2011) for lead and determined that the 95% Upper Confidence Level for the lead 
data was 28.5 mg/kg.  This value was below the screening levels of 80 mg/kg for 
residential and 320 mg/kg for industrial/commercial exposure scenarios.  When all 
(characterization and confirmation) soil results for lead are analyzed together, the 95% 
UCL for lead remains below the screening level at 18.4 mg/kg. 

Evaluation details 

The following tables show details from the three statistical evaluation steps. In most 
cases, a conclusion was reached on Step 2, that is, all of the analytical results were below 
the DCGL. For each excavation site, the constituents identified in the sampling plan as 
using the WRS are presented first. The tables include the calculated test statistic (T) and 
its critical value (Tcrit), for constituents for which a statistical test was performed (Step 
3). 
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Results for R124 excavation:  
 
Constituents assigned to the WRS test in the sampling plan:  

Constituent N 
detected N Average Low 

avg 
High 
avg DCGL T Tcrit Result Evaluation 

Arsenic (mg/kg) 9 9 3.49 NA NA 11.00 NA NA pass all below (all 
hits) 

Chromium 
(mg/kg) 9 9 27.90 NA NA 48.90 NA NA pass all below (all 

hits) 
Vanadium 
(mg/kg) 9 9 26.40 NA NA 78.00 NA NA pass all below (all 

hits) 
Gross alpha 
(pCi/g) 9 9 1.56 NA NA 3.38 NA NA pass all below (all 

hits) 
Gross beta 
(pCi/g) 9 9 2.21 NA NA 4.47 NA NA pass all below (all 

hits) 

 
 
Constituents assigned to the sign test in the sampling plan:  

Constituent N detected N Average Low 
avg 

High 
avg DCGL T Tcrit Result Evaluation 

Mercury 
(mg/kg) 6 9 0.0423 0.0337 0.0458 10 NA NA pass all below 

(including RL) 
Thallium 
(mg/kg) 0 9 NA 0.0000 2.0000 5 NA NA pass all below (using 

MDL) 
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Results for R124Pipe excavation:  
 
Constituents assigned to the WRS test in the sampling plan:  

Constituent N 
detected N Average Low 

avg 
High 
avg DCGL T Tcrit Result Evaluation 

Arsenic (mg/kg) 9 9 3.62 NA NA 11.00 NA NA pass all below (all 
hits) 

Chromium 
(mg/kg) 9 9 28.00 NA NA 48.90 NA NA pass all below (all 

hits) 
Vanadium 
(mg/kg) 9 9 25.80 NA NA 78.00 NA NA pass all below (all 

hits) 
Gross alpha 
(pCi/g) 9 9 2.01 NA NA 3.38 932 832 pass WRS test 

Gross beta 
(pCi/g) 9 9 2.83 NA NA 4.47 918 832 pass WRS test 

 
 
Constituents assigned to the sign test in the sampling plan:  

Constituent N detected N Average Low 
avg 

High 
avg DCGL T Tcrit Result Evaluation 

Mercury 
(mg/kg) 8 9 0.262 0.26 0.264 10 NA NA pass all below 

(including RL) 
Thallium 
(mg/kg) 0 9 NA 0.00 1.960 5 NA NA pass all below (using 

MDL) 
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Results for R167 excavation:  
 
Constituents assigned to the WRS test in the sampling plan:  

Constituent N 
detected N Average Low 

avg 
High 
avg DCGL T Tcrit Result Evaluation 

Arsenic (mg/kg) 9 9 4.29 NA NA 11.00 NA NA pass all below (all 
hits) 

Chromium 
(mg/kg) 9 9 48.40 NA NA 48.90 940 832 pass WRS test 

Vanadium 
(mg/kg) 9 9 34.60 NA NA 78.00 NA NA pass all below (all 

hits) 
Gross alpha 
(pCi/g) 9 9 3.23 NA NA 3.38 932 832 pass WRS test 

Gross beta 
(pCi/g) 9 9 4.01 NA NA 4.47 945 832 pass WRS test 

 
 
Constituents assigned to the sign test in the sampling plan:  

Constituent N detected N Average Low 
avg 

High 
avg DCGL T Tcrit Result Evaluation 

Hexavalent 
Chromium (mg/kg) 1 9 NA 0.244 2.26 2.2 NA NA pass all below (using 

MDL) 

Mercury (mg/kg) 9 9 0.524 NA NA 10.0 NA NA pass all below (all 
hits) 

Thallium (mg/kg) 0 9 NA 0.000 2.13 5.0 NA NA pass all below 
(including RL) 

PCB 1248 (µg/kg) 0 9 NA 0.000 50.40 220.0 NA NA pass all below 
(including RL) 

PCB 1254 (µg/kg) 2 9 NA 65.900 95.40 220.0 8 6 pass Sign test 
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Results for TankVault excavation:  
 
Constituents assigned to the WRS test in the sampling plan:  

Constituent N 
detected N Average Low 

avg 
High 
avg DCGL T Tcrit Result Evaluation 

Arsenic (mg/kg) 9 9 2.87 NA NA 11.00 NA NA pass all below (all 
hits) 

Chromium 
(mg/kg) 9 9 27.60 NA NA 48.90 NA NA pass all below (all 

hits) 
Vanadium 
(mg/kg) 9 9 20.60 NA NA 78.00 NA NA pass all below (all 

hits) 
Gross alpha 
(pCi/g) 9 9 1.52 NA NA 3.38 NA NA pass all below (all 

hits) 
Gross beta 
(pCi/g) 9 9 1.98 NA NA 4.47 NA NA pass all below (all 

hits) 

 
 
Constituents assigned to the sign test in the sampling plan:  

Constituent N detected N Average Low 
avg 

High 
avg DCGL T Tcrit Result Evaluation 

Mercury 
(mg/kg) 9 9 0.168 NA NA 10 NA NA pass all below (all hits) 

Thallium 
(mg/kg) 2 9 NA 0.244 1.31 5 NA NA pass all below (including 

RL) 

PCB 1248 
(µg/kg) 0 9 NA 0.000 243.00 220 8 6 pass 

Sign test with RL 
above DCGL (worst 
case) 

PCB 1254 
(µg/kg) 2 9 NA 488.000 515.00 220 NA NA fail minimum possible 

avg above DCGL 
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Confirmation Sampling Results 

 





Sample Location Depth  
(Feet) Analyte _ Result Unit Bldg 419  Clean 

Closure Standards 
Above Screening Levels

(Y=yes)

B-419-CONF-101 10 Arsenic 3.4 mg/kg 11

B-419-CONF-101 10 Arsenic 3.7 mg/kg 11

B-419-CONF-101 10 Barium 130 mg/kg 15000

B-419-CONF-101 10 Barium 160 mg/kg 15000

B-419-CONF-101 10 Chromium 32 mg/kg 48.9

B-419-CONF-101 10 Chromium 33 mg/kg 48.9

B-419-CONF-101 10 Cobalt 7.2 mg/kg 660

B-419-CONF-101 10 Cobalt 7.8 mg/kg 660

B-419-CONF-101 10 Copper 17 mg/kg 3100

B-419-CONF-101 10 Copper 18 mg/kg 3100

B-419-CONF-101 10 Gross beta 2.1 pCi/g 4.47

B-419-CONF-101 10 Gross beta 3.11 pCi/g 4.47

B-419-CONF-101 10 Hexavalent Chromium < 2.2 mg/kg 2.2 Y*

B-419-CONF-101 10 Lead 6.2 mg/kg 400

B-419-CONF-101 10 Lead 7.6 mg/kg 400

B-419-CONF-101 10 Mercury 0.41 mg/kg 10

B-419-CONF-101 10 Mercury 0.53 mg/kg 10

B-419-CONF-101 10 Nickel 35 mg/kg 1500

B-419-CONF-101 10 Nickel 36 mg/kg 1500

B-419-CONF-101 10 PCB 1254 0.04 mg/kg 0.22

B-419-CONF-101 10 PCB 1254 0.043 mg/kg 0.22

B-419-CONF-101 10 Selenium 0.86 mg/kg 390

B-419-CONF-101 10 Tritium 231 pCi/g 110 Y

B-419-CONF-101 10 Tritium 412 pCi/g 110 Y

B-419-CONF-101 10 Vanadium 23 mg/kg 390

B-419-CONF-101 10 Vanadium 29 mg/kg 390

B-419-CONF-101 10 Zinc 33 mg/kg 23000

B-419-CONF-101 10 Zinc 36 mg/kg 23000

B-419-CONF-102 10 Arsenic 5.5 mg/kg 11

B-419-CONF-102 10 Barium 240 mg/kg 15000

B-419-CONF-102 10 Beryllium 0.79 mg/kg 160

B-419-CONF-102 10 Chromium 56 mg/kg 48.9 Y

B-419-CONF-102 10 Cobalt 12 mg/kg 660

B-419-CONF-102 10 Copper 30 mg/kg 3100

B-419-CONF-102 10 Gross alpha 3.7 pCi/g 3.38 Y

B-419-CONF-102 10 Gross beta 2.52 pCi/g 4.47

B-419-CONF-102 10 Hexavalent Chromium < 2.4 mg/kg 2.2 Y*

B-419-CONF-102 10 Lead 40 mg/kg 400

B-419-CONF-102 10 Mercury 0.75 mg/kg 10

B-419-CONF-102 10 Nickel 57 mg/kg 1500

B-419-CONF-102 10 Vanadium 35 mg/kg 390

B-419-CONF-102 10 Zinc 51 mg/kg 23000

B-419-CONF-103 4.2 Arsenic 3.4 mg/kg 11



Sample Location Depth  
(Feet) Analyte _ Result Unit Bldg 419  Clean 

Closure Standards 
Above Screening Levels

(Y=yes)

B-419-CONF-103 4.2 Barium 180 mg/kg 15000

B-419-CONF-103 4.2 Beryllium 1.5 mg/kg 160

B-419-CONF-103 4.2 Chromium 66 mg/kg 48.9 Y

B-419-CONF-103 4.2 Cobalt 11 mg/kg 660

B-419-CONF-103 4.2 Copper 19 mg/kg 3100

B-419-CONF-103 4.2 Gross alpha 3.3 pCi/g 3.38

B-419-CONF-103 4.2 Gross beta 4 pCi/g 4.47

B-419-CONF-103 4.2 Hexavalent Chromium < 2.2 mg/kg 2.2 Y*

B-419-CONF-103 4.2 Lead 13 mg/kg 400

B-419-CONF-103 4.2 Mercury 0.42 mg/kg 10

B-419-CONF-103 4.2 Nickel 48 mg/kg 1500

B-419-CONF-103 4.2 Vanadium 33 mg/kg 390

B-419-CONF-103 4.2 Zinc 46 mg/kg 23000

B-419-CONF-104 4.2 Arsenic 5.5 mg/kg 11

B-419-CONF-104 4.2 Barium 190 mg/kg 15000

B-419-CONF-104 4.2 Chromium 54 mg/kg 48.9 Y

B-419-CONF-104 4.2 Cobalt 13 mg/kg 660

B-419-CONF-104 4.2 Copper 24 mg/kg 3100

B-419-CONF-104 4.2 Gross alpha 2.9 pCi/g 3.38

B-419-CONF-104 4.2 Gross beta 4.1 pCi/g 4.47

B-419-CONF-104 4.2 Hexavalent Chromium < 2.6 mg/kg 2.2 Y*

B-419-CONF-104 4.2 Lead 9.9 mg/kg 400

B-419-CONF-104 4.2 Mercury 0.22 mg/kg 10

B-419-CONF-104 4.2 Nickel 55 mg/kg 1500

B-419-CONF-104 4.2 Vanadium 39 mg/kg 390

B-419-CONF-104 4.2 Zinc 48 mg/kg 23000

B-419-CONF-105 4.2 Arsenic 4 mg/kg 11

B-419-CONF-105 4.2 Barium 190 mg/kg 15000

B-419-CONF-105 4.2 Beryllium 1.1 mg/kg 160

B-419-CONF-105 4.2 Chromium 34 mg/kg 48.9

B-419-CONF-105 4.2 Cobalt 10 mg/kg 660

B-419-CONF-105 4.2 Copper 21 mg/kg 3100

B-419-CONF-105 4.2 Gross alpha 3.7 pCi/g 3.38 Y

B-419-CONF-105 4.2 Gross beta 4.5 pCi/g 4.47 Y

B-419-CONF-105 4.2 Hexavalent Chromium < 2.2 mg/kg 2.2 Y*

B-419-CONF-105 4.2 Lead 14 mg/kg 400

B-419-CONF-105 4.2 Mercury 1.3 mg/kg 10

B-419-CONF-105 4.2 Nickel 44 mg/kg 1500

B-419-CONF-105 4.2 Vanadium 33 mg/kg 390

B-419-CONF-105 4.2 Zinc 42 mg/kg 23000

B-419-CONF-106 4.2 Arsenic 4.1 mg/kg 11

B-419-CONF-106 4.2 Barium 180 mg/kg 15000

B-419-CONF-106 4.2 Chromium 37 mg/kg 48.9



Sample Location Depth  
(Feet) Analyte _ Result Unit Bldg 419  Clean 

Closure Standards 
Above Screening Levels

(Y=yes)

B-419-CONF-106 4.2 Cobalt 11 mg/kg 660

B-419-CONF-106 4.2 Copper 22 mg/kg 3100

B-419-CONF-106 4.2 Gross alpha 2.7 pCi/g 3.38

B-419-CONF-106 4.2 Gross beta 3.5 pCi/g 4.47

B-419-CONF-106 4.2 Hexavalent Chromium < 2.2 mg/kg 2.2 Y*

B-419-CONF-106 4.2 Lead 7.8 mg/kg 400

B-419-CONF-106 4.2 Mercury 0.073 mg/kg 10

B-419-CONF-106 4.2 Nickel 51 mg/kg 1500

B-419-CONF-106 4.2 Vanadium 36 mg/kg 390

B-419-CONF-106 4.2 Zinc 42 mg/kg 23000

B-419-CONF-107 4.2 Arsenic 3.9 mg/kg 11

B-419-CONF-107 4.2 Barium 170 mg/kg 15000

B-419-CONF-107 4.2 Chromium 46 mg/kg 48.9

B-419-CONF-107 4.2 Cobalt 10 mg/kg 660

B-419-CONF-107 4.2 Copper 19 mg/kg 3100

B-419-CONF-107 4.2 Gross alpha 3.1 pCi/g 3.38

B-419-CONF-107 4.2 Gross beta 4.1 pCi/g 4.47

B-419-CONF-107 4.2 Lead 6.8 mg/kg 400

B-419-CONF-107 4.2 Mercury 0.077 mg/kg 10

B-419-CONF-107 4.2 Nickel 48 mg/kg 1500

B-419-CONF-107 4.2 Vanadium 35 mg/kg 390

B-419-CONF-107 4.2 Zinc 39 mg/kg 23000

B-419-CONF-108 4.2 Arsenic 5 mg/kg 11

B-419-CONF-108 4.2 Barium 240 mg/kg 15000

B-419-CONF-108 4.2 Chromium 60 mg/kg 48.9 Y

B-419-CONF-108 4.2 Cobalt 12 mg/kg 660

B-419-CONF-108 4.2 Copper 24 mg/kg 3100

B-419-CONF-108 4.2 Gross alpha 5.2 pCi/g 3.38 Y

B-419-CONF-108 4.2 Gross beta 5.8 pCi/g 4.47 Y

B-419-CONF-108 4.2 Hexavalent Chromium < 2.2 mg/kg 2.2 Y*

B-419-CONF-108 4.2 Lead 13 mg/kg 400

B-419-CONF-108 4.2 Mercury 0.48 mg/kg 10

B-419-CONF-108 4.2 Nickel 56 mg/kg 1500

B-419-CONF-108 4.2 Vanadium 33 mg/kg 390

B-419-CONF-108 4.2 Zinc 45 mg/kg 23000

B-419-CONF-109 4.2 Arsenic 3.5 mg/kg 11

B-419-CONF-109 4.2 Barium 190 mg/kg 15000

B-419-CONF-109 4.2 Beryllium 1.1 mg/kg 160

B-419-CONF-109 4.2 Chromium 51 mg/kg 48.9 Y

B-419-CONF-109 4.2 Cobalt 11 mg/kg 660

B-419-CONF-109 4.2 Copper 20 mg/kg 3100

B-419-CONF-109 4.2 Gross alpha 2.56 pCi/g 3.38

B-419-CONF-109 4.2 Gross beta 4.5 pCi/g 4.47 Y



Sample Location Depth  
(Feet) Analyte _ Result Unit Bldg 419  Clean 

Closure Standards 
Above Screening Levels

(Y=yes)

B-419-CONF-109 4.2 Hexavalent Chromium 2.2 mg/kg 2.2 Y

B-419-CONF-109 4.2 Lead 14 mg/kg 400

B-419-CONF-109 4.2 Mercury 0.87 mg/kg 10

B-419-CONF-109 4.2 Nickel 43 mg/kg 1500

B-419-CONF-109 4.2 PCB 1254 0.55 mg/kg 0.22 Y

B-419-CONF-109 4.2 Vanadium 38 mg/kg 390

B-419-CONF-109 4.2 Zinc 44 mg/kg 23000

B-419-CONF-201 10 Arsenic 3.5 mg/kg 11

B-419-CONF-201 10 Barium 100 mg/kg 15000

B-419-CONF-201 10 Chromium 18 mg/kg 48.9

B-419-CONF-201 10 Cobalt 5.6 mg/kg 660

B-419-CONF-201 10 Copper 14 mg/kg 3100

B-419-CONF-201 10 Lead 4.3 mg/kg 400

B-419-CONF-201 10 Mercury 0.05 mg/kg 10

B-419-CONF-201 10 Nickel 24 mg/kg 1500

B-419-CONF-201 10 Selenium 0.94 mg/kg 390

B-419-CONF-201 10 Tritium 0.278 pCi/g 110

B-419-CONF-201 10 Vanadium 17 mg/kg 390

B-419-CONF-201 10 Zinc 25 mg/kg 23000

B-419-CONF-202 10 Arsenic 3.5 mg/kg 11

B-419-CONF-202 10 Barium 160 mg/kg 15000

B-419-CONF-202 10 Chromium 22 mg/kg 48.9

B-419-CONF-202 10 Cobalt 8 mg/kg 660

B-419-CONF-202 10 Copper 14 mg/kg 3100

B-419-CONF-202 10 Lead 5.1 mg/kg 400

B-419-CONF-202 10 Mercury 0.057 mg/kg 10

B-419-CONF-202 10 Nickel 31 mg/kg 1500

B-419-CONF-202 10 Selenium 1.1 mg/kg 390

B-419-CONF-202 10 Vanadium 24 mg/kg 390

B-419-CONF-202 10 Zinc 31 mg/kg 23000

B-419-CONF-203 1.9 Arsenic 3.7 mg/kg 11

B-419-CONF-203 1.9 Barium 200 mg/kg 15000

B-419-CONF-203 1.9 Chromium 32 mg/kg 48.9

B-419-CONF-203 1.9 Cobalt 10 mg/kg 660

B-419-CONF-203 1.9 Copper 19 mg/kg 3100

B-419-CONF-203 1.9 Gross alpha 2.11 pCi/g 3.38

B-419-CONF-203 1.9 Gross beta 3.5 pCi/g 4.47

B-419-CONF-203 1.9 Lead 6.9 mg/kg 400

B-419-CONF-203 1.9 Nickel 42 mg/kg 1500

B-419-CONF-203 1.9 Thallium < 5.4 mg/kg 5 Y*

B-419-CONF-203 1.9 Vanadium 33 mg/kg 390

B-419-CONF-203 1.9 Zinc 38 mg/kg 23000

B-419-CONF-204 1.4 Arsenic 4.3 mg/kg 11



Sample Location Depth  
(Feet) Analyte _ Result Unit Bldg 419  Clean 

Closure Standards 
Above Screening Levels

(Y=yes)

B-419-CONF-204 1.4 Barium 140 mg/kg 15000

B-419-CONF-204 1.4 Chromium 29 mg/kg 48.9

B-419-CONF-204 1.4 Cobalt 10 mg/kg 660

B-419-CONF-204 1.4 Copper 20 mg/kg 3100

B-419-CONF-204 1.4 Gross beta 3 pCi/g 4.47

B-419-CONF-204 1.4 Lead 6.4 mg/kg 400

B-419-CONF-204 1.4 Mercury 0.037 mg/kg 10

B-419-CONF-204 1.4 Nickel 58 mg/kg 1500

B-419-CONF-204 1.4 Thallium < 5.2 mg/kg 5 Y*

B-419-CONF-204 1.4 Vanadium 28 mg/kg 390

B-419-CONF-204 1.4 Zinc 41 mg/kg 23000

B-419-CONF-205 1.9 Arsenic 2.9 mg/kg 11

B-419-CONF-205 1.9 Barium 440 mg/kg 15000

B-419-CONF-205 1.9 Chromium 27 mg/kg 48.9

B-419-CONF-205 1.9 Cobalt 9.6 mg/kg 660

B-419-CONF-205 1.9 Copper 17 mg/kg 3100

B-419-CONF-205 1.9 Gross beta 2.88 pCi/g 4.47

B-419-CONF-205 1.9 Lead 6.8 mg/kg 400

B-419-CONF-205 1.9 Mercury 0.036 mg/kg 10

B-419-CONF-205 1.9 Nickel 36 mg/kg 1500

B-419-CONF-205 1.9 Selenium 1.1 mg/kg 390

B-419-CONF-205 1.9 Vanadium 29 mg/kg 390

B-419-CONF-205 1.9 Zinc 310 mg/kg 23000

B-419-CONF-206 1.9 Arsenic 3.2 mg/kg 11

B-419-CONF-206 1.9 Barium 160 mg/kg 15000

B-419-CONF-206 1.9 Chromium 25 mg/kg 48.9

B-419-CONF-206 1.9 Cobalt 8.8 mg/kg 660

B-419-CONF-206 1.9 Copper 17 mg/kg 3100

B-419-CONF-206 1.9 Lead 5.5 mg/kg 400

B-419-CONF-206 1.9 Nickel 33 mg/kg 1500

B-419-CONF-206 1.9 Selenium 1.2 mg/kg 390

B-419-CONF-206 1.9 Vanadium 28 mg/kg 390

B-419-CONF-206 1.9 Zinc 33 mg/kg 23000

B-419-CONF-207 2.4 Arsenic 3.6 mg/kg 11

B-419-CONF-207 2.4 Barium 160 mg/kg 15000

B-419-CONF-207 2.4 Chromium 26 mg/kg 48.9

B-419-CONF-207 2.4 Cobalt 8 mg/kg 660

B-419-CONF-207 2.4 Copper 17 mg/kg 3100

B-419-CONF-207 2.4 Gross beta 2.12 pCi/g 4.47

B-419-CONF-207 2.4 Lead 7.2 mg/kg 400

B-419-CONF-207 2.4 Mercury 0.051 mg/kg 10

B-419-CONF-207 2.4 Nickel 36 mg/kg 1500

B-419-CONF-207 2.4 Selenium 1.2 mg/kg 390



Sample Location Depth  
(Feet) Analyte _ Result Unit Bldg 419  Clean 

Closure Standards 
Above Screening Levels

(Y=yes)

B-419-CONF-207 2.4 Vanadium 26 mg/kg 390

B-419-CONF-207 2.4 Zinc 44 mg/kg 23000

B-419-CONF-208 1.6 Arsenic 3.7 mg/kg 11

B-419-CONF-208 1.6 Barium 170 mg/kg 15000

B-419-CONF-208 1.6 Chromium 35 mg/kg 48.9

B-419-CONF-208 1.6 Cobalt 9.5 mg/kg 660

B-419-CONF-208 1.6 Copper 17 mg/kg 3100

B-419-CONF-208 1.6 Lead 7.8 mg/kg 400

B-419-CONF-208 1.6 Mercury 0.072 mg/kg 10

B-419-CONF-208 1.6 Nickel 44 mg/kg 1500

B-419-CONF-208 1.6 Selenium 1.3 mg/kg 390

B-419-CONF-208 1.6 Vanadium 28 mg/kg 390

B-419-CONF-208 1.6 Zinc 48 mg/kg 23000

B-419-CONF-209 1.6 Arsenic 3 mg/kg 11

B-419-CONF-209 1.6 Barium 180 mg/kg 15000

B-419-CONF-209 1.6 Chromium 37 mg/kg 48.9

B-419-CONF-209 1.6 Cobalt 9.8 mg/kg 660

B-419-CONF-209 1.6 Copper 16 mg/kg 3100

B-419-CONF-209 1.6 Gross beta 2.02 pCi/g 4.47

B-419-CONF-209 1.6 Lead 11 mg/kg 400

B-419-CONF-209 1.6 Nickel 65 mg/kg 1500

B-419-CONF-209 1.6 Selenium 0.99 mg/kg 390

B-419-CONF-209 1.6 Vanadium 25 mg/kg 390

B-419-CONF-209 1.6 Zinc 380 mg/kg 23000

B-419-CONF-301 12 Arsenic 2.8 mg/kg 11

B-419-CONF-301 12 Barium 130 mg/kg 15000

B-419-CONF-301 12 Chromium 24 mg/kg 48.9

B-419-CONF-301 12 Cobalt 7.3 mg/kg 660

B-419-CONF-301 12 Copper 15 mg/kg 3100

B-419-CONF-301 12 Lead 7 mg/kg 400

B-419-CONF-301 12 Mercury 0.099 mg/kg 10

B-419-CONF-301 12 Nickel 34 mg/kg 1500

B-419-CONF-301 12 Selenium 0.58 mg/kg 390

B-419-CONF-301 12 Thallium 1 mg/kg 5

B-419-CONF-301 12 Tritium 8.7 pCi/g 110

B-419-CONF-301 12 Vanadium 20 mg/kg 390

B-419-CONF-301 12 Zinc 38 mg/kg 23000

B-419-CONF-302 12 Arsenic 3.8 mg/kg 11

B-419-CONF-302 12 Barium 110 mg/kg 15000

B-419-CONF-302 12 Chromium 28 mg/kg 48.9

B-419-CONF-302 12 Cobalt 6.9 mg/kg 660

B-419-CONF-302 12 Copper 15 mg/kg 3100

B-419-CONF-302 12 Gross beta 2.2 pCi/g 4.47



Sample Location Depth  
(Feet) Analyte _ Result Unit Bldg 419  Clean 

Closure Standards 
Above Screening Levels

(Y=yes)

B-419-CONF-302 12 Lead 5.1 mg/kg 400

B-419-CONF-302 12 Mercury 0.14 mg/kg 10

B-419-CONF-302 12 Nickel 32 mg/kg 1500

B-419-CONF-302 12 Vanadium 21 mg/kg 390

B-419-CONF-302 12 Zinc 36 mg/kg 23000

B-419-CONF-303 5.2 Arsenic 1.9 mg/kg 11

B-419-CONF-303 5.2 Barium 79 mg/kg 15000

B-419-CONF-303 5.2 Chromium 21 mg/kg 48.9

B-419-CONF-303 5.2 Cobalt 5.8 mg/kg 660

B-419-CONF-303 5.2 Copper 11 mg/kg 3100

B-419-CONF-303 5.2 Gross alpha 2.17 pCi/g 3.38

B-419-CONF-303 5.2 Lead 3.9 mg/kg 400

B-419-CONF-303 5.2 Mercury 0.07 mg/kg 10

B-419-CONF-303 5.2 Nickel 33 mg/kg 1500

B-419-CONF-303 5.2 Selenium 1.4 mg/kg 390

B-419-CONF-303 5.2 Vanadium 15 mg/kg 390

B-419-CONF-303 5.2 Zinc 27 mg/kg 23000

B-419-CONF-304 5.2 Arsenic 3 mg/kg 11

B-419-CONF-304 5.2 Barium 110 mg/kg 15000

B-419-CONF-304 5.2 Chromium 31 mg/kg 48.9

B-419-CONF-304 5.2 Cobalt 8.5 mg/kg 660

B-419-CONF-304 5.2 Copper 14 mg/kg 3100

B-419-CONF-304 5.2 Lead 5.1 mg/kg 400

B-419-CONF-304 5.2 Mercury 0.094 mg/kg 10

B-419-CONF-304 5.2 Nickel 40 mg/kg 1500

B-419-CONF-304 5.2 Selenium 2.1 mg/kg 390

B-419-CONF-304 5.2 Thallium 1.2 mg/kg 5

B-419-CONF-304 5.2 Vanadium 21 mg/kg 390

B-419-CONF-304 5.2 Zinc 36 mg/kg 23000

B-419-CONF-305 5.2 Arsenic 2.8 mg/kg 11

B-419-CONF-305 5.2 Barium 96 mg/kg 15000

B-419-CONF-305 5.2 Chromium 25 mg/kg 48.9

B-419-CONF-305 5.2 Cobalt 6.4 mg/kg 660

B-419-CONF-305 5.2 Copper 12 mg/kg 3100

B-419-CONF-305 5.2 Gross beta 2.37 pCi/g 4.47

B-419-CONF-305 5.2 Lead 5.2 mg/kg 400

B-419-CONF-305 5.2 Mercury 0.08 mg/kg 10

B-419-CONF-305 5.2 Nickel 33 mg/kg 1500

B-419-CONF-305 5.2 Selenium 2.1 mg/kg 390

B-419-CONF-305 5.2 Vanadium 17 mg/kg 390

B-419-CONF-305 5.2 Zinc 29 mg/kg 23000

B-419-CONF-306 5.2 Arsenic 3.4 mg/kg 11

B-419-CONF-306 5.2 Barium 120 mg/kg 15000



Sample Location Depth  
(Feet) Analyte _ Result Unit Bldg 419  Clean 

Closure Standards 
Above Screening Levels

(Y=yes)

B-419-CONF-306 5.2 Chromium 33 mg/kg 48.9

B-419-CONF-306 5.2 Cobalt 8.9 mg/kg 660

B-419-CONF-306 5.2 Copper 16 mg/kg 3100

B-419-CONF-306 5.2 Lead 10 mg/kg 400

B-419-CONF-306 5.2 Mercury 0.12 mg/kg 10

B-419-CONF-306 5.2 Nickel 41 mg/kg 1500

B-419-CONF-306 5.2 PCB 1254 0.39 mg/kg 0.22 Y

B-419-CONF-306 5.2 Selenium 1.3 mg/kg 390

B-419-CONF-306 5.2 Vanadium 23 mg/kg 390

B-419-CONF-306 5.2 Zinc 40 mg/kg 23000

B-419-CONF-307 5.2 Arsenic 3.3 mg/kg 11

B-419-CONF-307 5.2 Arsenic 3.4 mg/kg 11

B-419-CONF-307 5.2 Barium 130 mg/kg 15000

B-419-CONF-307 5.2 Barium 150 mg/kg 15000

B-419-CONF-307 5.2 Beryllium 1.1 mg/kg 160

B-419-CONF-307 5.2 Chromium 28 mg/kg 48.9

B-419-CONF-307 5.2 Chromium 33 mg/kg 48.9

B-419-CONF-307 5.2 Cobalt 8.1 mg/kg 660

B-419-CONF-307 5.2 Cobalt 9.2 mg/kg 660

B-419-CONF-307 5.2 Copper 17 mg/kg 3100

B-419-CONF-307 5.2 Copper 19 mg/kg 3100

B-419-CONF-307 5.2 Gross alpha 2.37 pCi/g 3.38

B-419-CONF-307 5.2 Gross beta 2.09 pCi/g 4.47

B-419-CONF-307 5.2 Lead 15 mg/kg 400

B-419-CONF-307 5.2 Lead 16 mg/kg 400

B-419-CONF-307 5.2 Mercury 0.21 mg/kg 10

B-419-CONF-307 5.2 Mercury 0.69 mg/kg 10

B-419-CONF-307 5.2 Nickel 39 mg/kg 1500

B-419-CONF-307 5.2 Nickel 50 mg/kg 1500

B-419-CONF-307 5.2 PCB 1248 < 0.53 mg/kg 0.22 Y*

B-419-CONF-307 5.2 PCB 1248 < 1.8 mg/kg 0.22 Y*

B-419-CONF-307 5.2 PCB 1254 1.7 mg/kg 0.22 Y

B-419-CONF-307 5.2 PCB 1254 4 mg/kg 0.22 Y

B-419-CONF-307 5.2 Selenium 1.9 mg/kg 390

B-419-CONF-307 5.2 Selenium 2.3 mg/kg 390

B-419-CONF-307 5.2 Vanadium 24 mg/kg 390

B-419-CONF-307 5.2 Vanadium 26 mg/kg 390

B-419-CONF-307 5.2 Zinc 46 mg/kg 23000

B-419-CONF-307 5.2 Zinc 46 mg/kg 23000

B-419-CONF-308 5.2 Arsenic 2.5 mg/kg 11

B-419-CONF-308 5.2 Barium 130 mg/kg 15000

B-419-CONF-308 5.2 Chromium 27 mg/kg 48.9

B-419-CONF-308 5.2 Cobalt 8.9 mg/kg 660



Sample Location Depth  
(Feet) Analyte _ Result Unit Bldg 419  Clean 

Closure Standards 
Above Screening Levels

(Y=yes)

B-419-CONF-308 5.2 Copper 14 mg/kg 3100

B-419-CONF-308 5.2 Lead 7.8 mg/kg 400

B-419-CONF-308 5.2 Mercury 0.083 mg/kg 10

B-419-CONF-308 5.2 Nickel 41 mg/kg 1500

B-419-CONF-308 5.2 Selenium 1.9 mg/kg 390

B-419-CONF-308 5.2 Vanadium 23 mg/kg 390

B-419-CONF-308 5.2 Zinc 34 mg/kg 23000

B-419-CONF-309 5.2 Arsenic 2.2 mg/kg 11

B-419-CONF-309 5.2 Barium 89 mg/kg 15000

B-419-CONF-309 5.2 Chromium 26 mg/kg 48.9

B-419-CONF-309 5.2 Cobalt 7.2 mg/kg 660

B-419-CONF-309 5.2 Copper 15 mg/kg 3100

B-419-CONF-309 5.2 Gross beta 2.52 pCi/g 4.47

B-419-CONF-309 5.2 Lead 4.7 mg/kg 400

B-419-CONF-309 5.2 Mercury 0.14 mg/kg 10

B-419-CONF-309 5.2 Nickel 34 mg/kg 1500

B-419-CONF-309 5.2 Selenium 1.5 mg/kg 390

B-419-CONF-309 5.2 Vanadium 19 mg/kg 390

B-419-CONF-309 5.2 Zinc 30 mg/kg 23000

B-419-CONF-401 3 Arsenic 3.1 mg/kg 11

B-419-CONF-401 3 Barium 180 mg/kg 15000

B-419-CONF-401 3 Chromium 31 mg/kg 48.9

B-419-CONF-401 3 Cobalt 9.3 mg/kg 660

B-419-CONF-401 3 Copper 26 mg/kg 3100

B-419-CONF-401 3 Lead 15 mg/kg 400

B-419-CONF-401 3 Mercury 0.63 mg/kg 10

B-419-CONF-401 3 Nickel 41 mg/kg 1500

B-419-CONF-401 3 Thallium < 5.1 mg/kg 5 Y*

B-419-CONF-401 3 Vanadium 26 mg/kg 390

B-419-CONF-401 3 Zinc 57 mg/kg 23000

B-419-CONF-402 3 Arsenic 3.4 mg/kg 11

B-419-CONF-402 3 Barium 120 mg/kg 15000

B-419-CONF-402 3 Chromium 29 mg/kg 48.9

B-419-CONF-402 3 Cobalt 8.9 mg/kg 660

B-419-CONF-402 3 Copper 25 mg/kg 3100

B-419-CONF-402 3 Gross alpha 5.2 pCi/g 3.38 Y

B-419-CONF-402 3 Gross beta 7.7 pCi/g 4.47 Y

B-419-CONF-402 3 Lead 17 mg/kg 400

B-419-CONF-402 3 Mercury 0.98 mg/kg 10

B-419-CONF-402 3 Nickel 42 mg/kg 1500

B-419-CONF-402 3 Selenium 1.2 mg/kg 390

B-419-CONF-402 3 Vanadium 23 mg/kg 390

B-419-CONF-402 3 Zinc 160 mg/kg 23000



Sample Location Depth  
(Feet) Analyte _ Result Unit Bldg 419  Clean 

Closure Standards 
Above Screening Levels

(Y=yes)

B-419-CONF-403 3 Arsenic 3.8 mg/kg 11

B-419-CONF-403 3 Barium 140 mg/kg 15000

B-419-CONF-403 3 Chromium 28 mg/kg 48.9

B-419-CONF-403 3 Cobalt 9.5 mg/kg 660

B-419-CONF-403 3 Copper 18 mg/kg 3100

B-419-CONF-403 3 Gross alpha 2.18 pCi/g 3.38

B-419-CONF-403 3 Gross beta 2.59 pCi/g 4.47

B-419-CONF-403 3 Lead 6.4 mg/kg 400

B-419-CONF-403 3 Mercury 0.1 mg/kg 10

B-419-CONF-403 3 Nickel 39 mg/kg 1500

B-419-CONF-403 3 Selenium 1.2 mg/kg 390

B-419-CONF-403 3 Vanadium 26 mg/kg 390

B-419-CONF-403 3 Zinc 36 mg/kg 23000

B-419-CONF-404 3 Arsenic 4.3 mg/kg 11

B-419-CONF-404 3 Barium 160 mg/kg 15000

B-419-CONF-404 3 Chromium 29 mg/kg 48.9

B-419-CONF-404 3 Cobalt 11 mg/kg 660

B-419-CONF-404 3 Copper 21 mg/kg 3100

B-419-CONF-404 3 Lead 8.2 mg/kg 400

B-419-CONF-404 3 Mercury 0.12 mg/kg 10

B-419-CONF-404 3 Nickel 49 mg/kg 1500

B-419-CONF-404 3 Thallium < 5.2 mg/kg 5 Y*

B-419-CONF-404 3 Vanadium 28 mg/kg 390

B-419-CONF-404 3 Zinc 40 mg/kg 23000

B-419-CONF-405 1.2 Arsenic 3.7 mg/kg 11

B-419-CONF-405 1.2 Barium 170 mg/kg 15000

B-419-CONF-405 1.2 Chromium 26 mg/kg 48.9

B-419-CONF-405 1.2 Cobalt 8.5 mg/kg 660

B-419-CONF-405 1.2 Copper 16 mg/kg 3100

B-419-CONF-405 1.2 Gross alpha 2.11 pCi/g 3.38

B-419-CONF-405 1.2 Gross beta 2.69 pCi/g 4.47

B-419-CONF-405 1.2 Lead 12 mg/kg 400

B-419-CONF-405 1.2 Nickel 33 mg/kg 1500

B-419-CONF-405 1.2 Selenium 1.2 mg/kg 390

B-419-CONF-405 1.2 Vanadium 26 mg/kg 390

B-419-CONF-405 1.2 Zinc 45 mg/kg 23000

B-419-CONF-406 1.3 Arsenic 3.5 mg/kg 11

B-419-CONF-406 1.3 Barium 170 mg/kg 15000

B-419-CONF-406 1.3 Chromium 32 mg/kg 48.9

B-419-CONF-406 1.3 Cobalt 9.2 mg/kg 660

B-419-CONF-406 1.3 Copper 18 mg/kg 3100

B-419-CONF-406 1.3 Gross beta 2.65 pCi/g 4.47

B-419-CONF-406 1.3 Lead 32 mg/kg 400



Sample Location Depth  
(Feet) Analyte _ Result Unit Bldg 419  Clean 

Closure Standards 
Above Screening Levels

(Y=yes)

B-419-CONF-406 1.3 Mercury 0.27 mg/kg 10

B-419-CONF-406 1.3 Nickel 40 mg/kg 1500

B-419-CONF-406 1.3 Selenium 1.1 mg/kg 390

B-419-CONF-406 1.3 Vanadium 26 mg/kg 390

B-419-CONF-406 1.3 Zinc 110 mg/kg 23000

B-419-CONF-407 1.6 Arsenic 4.3 mg/kg 11

B-419-CONF-407 1.6 Barium 160 mg/kg 15000

B-419-CONF-407 1.6 Chromium 26 mg/kg 48.9

B-419-CONF-407 1.6 Cobalt 9.7 mg/kg 660

B-419-CONF-407 1.6 Copper 17 mg/kg 3100

B-419-CONF-407 1.6 Gross beta 2.24 pCi/g 4.47

B-419-CONF-407 1.6 Lead 9.2 mg/kg 400

B-419-CONF-407 1.6 Mercury 0.082 mg/kg 10

B-419-CONF-407 1.6 Nickel 34 mg/kg 1500

B-419-CONF-407 1.6 Selenium 0.91 mg/kg 390

B-419-CONF-407 1.6 Vanadium 27 mg/kg 390

B-419-CONF-407 1.6 Zinc 49 mg/kg 23000

B-419-CONF-408 1.4 Arsenic 3.1 mg/kg 11

B-419-CONF-408 1.4 Barium 160 mg/kg 15000

B-419-CONF-408 1.4 Chromium 25 mg/kg 48.9

B-419-CONF-408 1.4 Cobalt 8.4 mg/kg 660

B-419-CONF-408 1.4 Copper 17 mg/kg 3100

B-419-CONF-408 1.4 Gross beta 2.92 pCi/g 4.47

B-419-CONF-408 1.4 Lead 250 mg/kg 400

B-419-CONF-408 1.4 Mercury 0.075 mg/kg 10

B-419-CONF-408 1.4 Nickel 30 mg/kg 1500

B-419-CONF-408 1.4 Selenium 1.1 mg/kg 390

B-419-CONF-408 1.4 Vanadium 24 mg/kg 390

B-419-CONF-408 1.4 Zinc 67 mg/kg 23000

B-419-CONF-409 1 Arsenic 3.4 mg/kg 11

B-419-CONF-409 1 Barium 150 mg/kg 15000

B-419-CONF-409 1 Chromium 26 mg/kg 48.9

B-419-CONF-409 1 Cobalt 8.2 mg/kg 660

B-419-CONF-409 1 Copper 15 mg/kg 3100

B-419-CONF-409 1 Lead 9.2 mg/kg 400

B-419-CONF-409 1 Mercury 0.08 mg/kg 10

B-419-CONF-409 1 Nickel 33 mg/kg 1500

B-419-CONF-409 1 Selenium 1.2 mg/kg 390

B-419-CONF-409 1 Vanadium 26 mg/kg 390

B-419-CONF-409 1 Zinc 41 mg/kg 23000

B-419-CONF-410 2.5 Arsenic 4 mg/kg 11

B-419-CONF-410 2.5 Barium 160 mg/kg 15000

B-419-CONF-410 2.5 Chromium 33 mg/kg 48.9



Sample Location Depth  
(Feet) Analyte _ Result Unit Bldg 419  Clean 

Closure Standards 
Above Screening Levels

(Y=yes)

B-419-CONF-410 2.5 Cobalt 9.6 mg/kg 660

B-419-CONF-410 2.5 Copper 29 mg/kg 3100

B-419-CONF-410 2.5 Lead 7.9 mg/kg 400

B-419-CONF-410 2.5 Mercury 0.12 mg/kg 10

B-419-CONF-410 2.5 Nickel 38 mg/kg 1500

B-419-CONF-410 2.5 Thallium < 5.4 mg/kg 5 Y*

B-419-CONF-410 2.5 Vanadium 31 mg/kg 390

B-419-CONF-410 2.5 Zinc 43 mg/kg 23000

B-419-R167-STAIN 1.7 Acetone 0.042 mg/kg 61000

B-419-R167-STAIN 1.7 Arsenic 3.7 mg/kg 11

B-419-R167-STAIN 1.7 Barium 110 mg/kg 15000

B-419-R167-STAIN 1.7 Chromium 27 mg/kg 48.9

B-419-R167-STAIN 1.7 Cobalt 11 mg/kg 660

B-419-R167-STAIN 1.7 Copper 17 mg/kg 3100

B-419-R167-STAIN 1.7 Gross alpha 2.45 pCi/g 3.38

B-419-R167-STAIN 1.7 Gross beta 3.66 pCi/g 4.47

B-419-R167-STAIN 1.7 Lead 5.4 mg/kg 400

B-419-R167-STAIN 1.7 Mercury 0.038 mg/kg 10

B-419-R167-STAIN 1.7 Nickel 29 mg/kg 1500

B-419-R167-STAIN 1.7 Selenium 0.61 mg/kg 390

B-419-R167-STAIN 1.7 Vanadium 29 mg/kg 390

B-419-R167-STAIN 1.7 Zinc 31 mg/kg 23000

* - The detection limit for the sample exceeds the screening level.
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Summary 
Lawrence Livermore National Laboratory (LLNL) is a U.S. Department of Energy research 
and development institution for science and technology applied to national security. The 
building that is the subject of this document, Building 419, previously was the location of 
active LLNL waste treatment facilities. The site is being closed pursuant to the requirements 
of the Resource Conservation Recovery Act and overseen by the Department of Toxic 
Substances Control (DTSC). The DTSC-approved documentation (LLNL 2012) state closure 
performance standards for Building 419 and surrounding soils. Soil removal activities have 
taken place and post-excavation soil sampling and analysis have been conducted. The analysis 
showed that, with the exception of Aroclor 1254, all constituents of concern met the screening 
level for closure. 
 
Aroclor 1254 was detected at two of the nine locations sampled near the tank vault area at 
Building 419. The highest detected value was 4 mg/kg and the mean, which is impacted by 
the high number of non-detections, was determined to be constrained between 0.488 and 
0.515 mg/kg. 
 
This human health risk assessment evaluates the carcinogenic risk and non-carcinogenic 
hazard associated with the Aroclor 1254 detected in the tank vault area. The receptors 
evaluated include a hypothetical industrial/commercial receptor and a hypothetical, and less 
likely, residential receptor. Based on the upper mean estimate soil concentration of 
0.515 mg/kg, the industrial/commercial worker was estimated to have a theoretical calculated 
carcinogenic risk of 8.8 x 10–7 and a chronic hazard index of 2.5 x 10–2. Similarly, the 
incremental cancer risk for the residential receptor was estimated at 2.1 x 10–6, and the 
estimated chronic hazard index for the residential receptor was 4.9 x 10

–1
. These risk and 

hazard values are all below levels associated with health concerns, and support the conclusion 
that further cleanup of the area is not necessary. These values scale linearly with 
concentration, so the estimated risk and hazard represented by the maximum detection of 4 
mg/kg is roughly 8 times greater than these estimates. Because LLNL is a U.S. Department of 
Energy owned facility with a continuing mission and a CERCLA Superfund site, it is unlikely 
that the site would be used as a residential area; moreover, the area contaminated at this level 
is quite small and the default assumptions of the calculation substantially overestimate the 
level of risk associated with the contamination. 

 
 

Introduction 
Lawrence Livermore National Laboratory (LLNL) is a U.S. Department of Energy research 
and development institution for science and technology applied to national security. Waste 
storage and treatment activities for LLNL were conducted in Building 419 and associated 
buildings and outside areas from the 1950s (Dreicer, 1985) until the 1980s. A tank vault area 
within the footprint of the former Building 419 is the small area that is the subject of this 
human health risk assessment. The site is being closed pursuant to the requirements of the 
Resource Conservation Recovery Act (RCRA). 
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Currently, all the structures and equipment associated with Building 419 have been removed, 
and the area has been covered with asphalt. The site of the former Building 419 is pictured in 
Figure 1.  
 

 
Figure 1. Area where Building 419 was located, view looking north.  

(Photo taken February 2013). 
 
 

Constituents of Potential Concern 
The DTSC-approved documentation (LLNL, 2012) includes closure performance standards 
for certain organic compounds and metals. If all measured values of these constituents in soil 
were less than these levels, it was agreed that the site would meet the requirements for 
closure.  
 
LLNL has completed the excavation and removal of the contaminated soils for Building 419 
closure and has conducted post excavation sampling and analysis. The only excavation site 
that did not meet the performance standards for closure was near a former tank vault, for 
which two of nine confirmation samples were above the screening level for Aroclor 1254. 
Consequently, Aroclor 1254 is the only Constituent of Potential Concern for this assessment.  
 
The highest detected value of Aroclor 1254 was 4 mg/kg and the other value was 
0.390 mg/kg; the mean of all nine samples, the calculation of which is impacted by the seven 
non-detections, was determined to be constrained between 0.488 and 0.515 mg/kg. 
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Receptors and Exposure Pathways 
The footprint of Building 419 is small and encompasses about 7,700 square feet. The area 
associated with the tank vault excavation was roughly 360 square feet in extent and 12 feet 
deep. The area associated with the RCRA closure is somewhat larger, at about 15,000 square 
feet. It is in a portion of the LLNL Livermore site where many plant maintenance activities 
and crafts shops, such as carpentry, welding, and heavy equipment maintenance, are currently 
located. The receptors of concern are industrial/commercial workers, i.e., those who have a 
work area or office near the area formerly occupied by Building 419. In addition, a 
hypothetical future residential receptor was evaluated based on the possibility that a change in 
property ownership could make the site available in the future for residential occupancy. 
 
For the industrial/commercial worker, the hypothetical exposure pathways are inhalation of 
particles resuspended from the soil, dermal exposure, and incidental ingestion of contaminated 
soil in the area. These exposures are hypothetical because the area is currently covered with 
asphalt and there is no actual exposure pathway. Drinking water was not evaluated as a 
pathway to the worker because ground water is not a source of drinking water for LLNL 
Livermore site employees.  Drinking water is supplied to LLNL by the San Francisco Hetch 
Hetchy Aqueduct System and the Alameda County Flood and Water Conservation District, 
Zone 7 (Zone 7).  Furthermore, the tiered analysis conducted as part of the RCRA closure 
process shows that soil volumes with contaminants that may potentially impact ground water 
were removed and therefore should not pose any risk to ground water in the future (LLNL, 
2012). The parameters used to estimate worker exposure are listed in Table 1; references are 
provided for the specific values.  
 
For the residential exposure scenario, hypothetical exposures occur via inhalation of 
particulate contaminants present in soil, by incidental ingestion of soil, and by dermal contact 
and absorption of contaminants from the soil matrix.  As stated previously, exposure via 
ingestion of groundwater was not included in this analysis.  If the area were to be used as a 
residence, it is likely that drinking water or water for domestic use would be supplied by the 
City and County of San Francisco or by Zone 7.  Both of these water suppliers offer high 
quality water without the need for installation and maintenance of a costly water supply well.  
Similarly, ingestion of homegrown fruits and vegetables was not evaluated as a source of 
exposure given that (1) home gardens would likely be supplied with clean water from an 
external source, and (2) it is unlikely that enough produce could be grown on a residential lot 
to contribute significantly to a resident’s diet.  Exposure factors used in the residential and 
industrial/commercial scenarios are given in Table 1. 
 
The inhalation unit risk factors, cancer slope factors, reference doses, and other chemical 
specific information for the materials evaluated are listed in Table 2. The hierarchy for the 
choice of toxicity values is as follows: first tier, OEHHA guidance (OEHHA, 2012); second 
tier, U.S. EPA, Region 9, Regional Screening Level Table (2012). No non-carcinogenic 
hazard value for inhalation was found in either of these sources, nor was such a value found in 
Integrated Risk Information System (IRIS) (US EPA 2013) or Health Effects Assessment 
Summary Tables (HEAST) (ORNL, 2013); consequently, non-carcinogenic hazard was not 
calculated for this exposure pathway. 
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The equations used to evaluate carcinogenic risk and non-carcinogenic hazard are presented in 
Table 3 (US EPA, 2009; US EPA, 1989; DTSC, 1994). 
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Table 1. Exposure parameters 

 
 

Exposure parameter Value Reference 
Annual exposure frequency (EF) Industrial/commercial worker 

250 days/year 
Resident 
350 days/year 

HERO (2011) 
 
HERO (2011) 

Exposure duration (ED) Industrial/commercial worker  
25 years 
 
Resident 
Adult, 24 years 
Child, 6 years 

HERO (2011) 
 
 
HERO (2011) 

Averaging time (AT) 
  Carcinogens 

Industrial/commercial worker 
25,550 days 
Resident,  
25,550 days 

HERO (2011); corresponds to a70-year 
lifetime  

Averaging time (AT) 
  Noncarcinogens 
 
 
 
 

Industrial/commercial worker  
9,125 days 
 
Resident, adult 
8760 
Resident, child 
2190 

HERO (2011); corresponds to a 25-year 
career 
 
HERO (2011); corresponds to a 24-year 
residential duration 
HERO (2011); corresponds to a 6-year 
residential duration 

Body weight (BW) 
 

Adult  
70 kg 
Child 
15 kg 

HERO (2011) 

Inhalation rate (InhR) Adult, 20 m3/d 

Child, 10 m3/d 

HERO (2011) 

Soil ingestion rate (IngR) –  
 

Adult  
100 mg/d 
Child  
200 mg/d 

HERO (2011) 

Soil adherence factor (AdF) – 
 

Industrial/commercial worker 
0.2 mg/cm2 

Resident adult 
0.07 mg/cm2 

Resident child 
0.2 mg/cm2 

HERO (2011) 
 

Skin surface area for soil contact 
(SSA)-  

Adult  
5700 cm2  
Child  
2900  cm2 

HERO (2011) 

Particulate Emission Factor (PEF) 1.316 x 109 HERO (2011) 
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Table 2. Inhalation unit reference factor, ingestion slope factor, reference doses, and skin 
absorption fractions for Aroclor 1254.* 
 
 
 
Constituent of Potential Concern 

Inhalation Unit 
Risk (IUR, 

Risk/mg/m3)* 

 Slope Factor 
Oral  (SFo, 

Risk/mg/kg•d)* 

Reference 
Concentration 
(RFCi, mg/m3) 

Reference Dose 
 Oral  

 (RfDo, mg/kg•d) † 

Skin 
absorption 
fraction† 

 
Arachlor 1254 (PCB) 
 

5.7 x 10-7 
 

2.0E+0 
 

None 
 

2.0 x 10-5 
 

0.14 
 

*Factors obtained from OEHHA Guidance (OEHHA, 2012). 
†Factors obtained from US EPA, Region 9, Regional Screening Levels (US EPA, 2012).  
 
 
 
 
 
Table 3. Equations used to calculate carcinogenic risk and non-carcinogenic hazard. (Variables 
are described in Table 1.) 
Risk from inhalation exposure 

AT
EDEF

PEF
CIUR s ×

××  

Risk from ingestion exposure 

ATBW
kgmgEDEFIngRCSF so ×

×××
××

− /10 6

 

Risk from dermal exposure 

ATBW
kgmgEDEFSSAAdFAbFCSF so ×

×××××
××

− /10 6

 

Hazard from inhalation exposure* 

AT
EDEF

PEF
C

RfC
s

i

×
××

1
 

Hazard from ingestion exposure 

ATBW
kgmgEDEFIngRC

RfD s
o ×

×××
××

− /101 6

 

Hazard from dermal exposure 

ATBW
kgmgEDEFSSAAdFAbFC

RfD s
o ×

×××××
××

− /101 6

 

*Equation not implemented because no chronic reference concentration has been approved for Aroclor 1254. 
 
 
 
 
The exposure parameters in Table 1 were used with cancer slope factors and non-carcinogenic 
reference doses in OEHHA-approved equations (see Table 3) to estimate the risk and non-
carcinogenic hazard to a hypothetical industrial/commercial worker and to a hypothetical 
resident. Estimated cancer risk and non-cancer hazard indices were summed across exposure 
routes; hazard indices were summed without regard to target organ or system. An example 
calculation for cancer risk from inhalation for the commercial/industrial worker is presented 
below. All calculations are presented at the end of this appendix. 
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Example carcinogenic risk calculation for inhalation for industrial/commercial worker: 
 

11

93

108.1
613200

25/8/250
10316.1
/515.0

/
571.0

−×=

××
×

×
×=

×
××=

Risk
h

ydhydkgmg
mmg

RiskRisk

AT
EDEF

PEF
CIURRisk s

 

 
The resulting risks and hazards for the upper mean estimated soil concentration of 
0.515 mg/kg are summarized in Table 4. The results for the maximum measured soil 
concentration of 4.0 mg/kg are summarized in Table 5. 
 
 
Table 4. Summary of carcinogenic risks and hazards for Aroclor 1254 at 0.515 mg/kg 
concentration in soil. 
 
 
 
Assessment end 
point 

 
 
 
 
Pathway 

 
Hypothetical 
Industrial/ 
Commercial 
Worker 

Percent 
contribution 
of highest 
contributing 
pathway 

 
 
 
Hypothetical 
Resident 

Percent 
contribution 
of highest 
contributing 
pathway 

Carcinogenic 
risk 

Inhalation 1.8 x 10–11 69% ingestion 9.2 x 10–11 76% ingestion 

 Ingestion 6.0 x 10–7  1.6 x 10–6  
 Dermal 2.8 x 10–7  5.2 x 10–7  
  Total 8.8 x 10–7  2.1 x 10–6  
Chronic hazard Inhalation  68% ingestion  73% ingestion 
 Ingestion 1.7 x 10–2  3.6 x 10–1  
 Dermal 7.8 x 10–3  1.3 x 10–1  
  Total 2.5 x 10–2  4.9 x 10–1  
Note: Numbers are rounded. 
 
Table 5. Summary of carcinogenic risks and hazards for Aroclor 1254 at 4.0 mg/kg 
concentration in soil. 
 
 
 
Assessment end 
point 

 
 
 
 
Pathway 

 
Hypothetical 
Industrial/ 
Commercial 
Worker 

Percent 
contribution 
of highest 
contributing 
pathway 

 
 
 
Hypothetical 
Resident 

Percent 
contribution 
of highest 
contributing 
pathway 

Carcinogenic 
risk 

Inhalation 1.4 x 10–10 68% ingestion 7.1 x 10–10 76% ingestion 

 Ingestion 4.7 x 10–6  1.3 x 10–5  
 Dermal 2.2 x 10–6  4.0 x 10–6  
  Total 6.9 x 10–6  1.7 x 10–5  
Chronic hazard Inhalation  68% ingestion  74% ingestion 
 Ingestion 1.3 x 10–1  2.8  
 Dermal 6.0 x 10–2  1.0   
  Total 1.9 x 10–1  3.8  
Note: Numbers are rounded. 
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Uncertainties and Conservatisms 
Quantification of exposure involves estimating the magnitude, frequency, and duration of 
exposure for the receptors for exposure pathways of concern. This risk assessment has 
implemented high-end estimates for each of these three factors. 
 
First there are conservatisms as to the magnitude of the concentrations of the constituents in 
soils. The soil concentrations were represented by the highest detection of Aroclor 1254 and 
the highest end of the estimated range of the mean of the nine detections. The reason the mean 
is estimated is because seven of the nine samples collected in the area were non-detections for 
Aroclor 1254. Keeping in mind that the area has been surfaced with asphalt and there is not 
currently a completed pathway for exposure, all human health consequences estimated here 
are hypothetical, and would only have the potential to occur in the event that the asphalt were 
to be removed. 
 
Second, there are conservatisms as to the level of exposure. With respect to incidental soil 
ingestion, the default rates recommended in the HERO (2011) guidance are consistent with 
the general population upper percentile rate stated in the US EPA Exposure Factors Handbook 
(US EPA 2011). These rates are twice the value of the general population central tendency, 
i.e, the central tendency adult ingestion rate is 50 mg/d and the central tendency child 
ingestion rate is 10 mg/kg; i.e., a conservative built in factor of two in the ingestion rate. 
Similarly, the default soil adherence factors found in the HERO (2011) guidance are also 
consistent with the general population upper percentile rate stated in the US EPA Risk 
Assessment Guidance, Part E  (US EPA 2004). However, the central tendency dermal 
exposure factor for residential adults is one-seventh of the of the upper percentile (0.01 
compared to 0.07 mg/cm2); the central tendency dermal exposure factor for children is one-
fifth of the central tendency value (0.04 compared to 0.2 mg/cm2); and the central tendency 
dermal exposure factor for industrial workers is one-tenth of the upper percentile (0.02 
compared to 0.2 mg/cm2). In addition, the dermal calculations assume that child residents are 
exposed 24 hours a day; this is quite conservative in that the US EPA Exposure Factors 
Handbook (US EPA 2011) states the maximum activity level for playing on dirt is 120 
minutes per day and the mean of the most active age groups of children is 63 minutes per day. 
Additional conservatism in exposure level is that the tank vault excavation was nominally 360 
square feet at the surface; this is considerably less than the 0.5 acre residential lot size that is 
used in default residential soil exposure calculations. Any actual exposure would include 
additional surrounding soil, and thus the mean exposure concentration would be considerably 
less.  
 
Third, the length of duration of exposure, either for a resident or for a worker, is conservative. 
The assumption that individuals reside in the same place for 30 years is more than twice the 
mean current residence time of 13 years estimated by the US Census Bureau (quoted in US 
EPA 2011). Analogously, the default assumption that workers are employed by the same 
employer for 25 years is conservative compared to the working tenure of 4 years estimated by 
Gephart et al. (1994).  
 
In addition, the residential exposure scenario calculations are based on the assumption that the 
area near the former Building 419 would be occupied and used continuously as a residence 
over a 30-year period.  This scenario would occur only if the DOE relinquished ownership of 
the Livermore site, and an individual subsequently chose to build and occupy a home in this 
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specific location.  Given the industrial character of the site, this does not seem to represent a 
particularly credible scenario.  Furthermore, considering the level of investment by DOE in 
infrastructure at LLNL, the expectation of continued operations at the Livermore site, and 
DOE’s commitment to and responsibility for protection of public health, it appears that the 
future residential occupancy of this area is unlikely. Nonetheless, if residential occupancy of 
the site were to occur in the future, this evaluation indicates that significant adverse health 
effects are not a likely outcome. 
 
Finally, another consequence of the effect of using many conservative risk factors is a concept 
described as “compounding conservatism.”  Studies of the compounding of conservatism in 
probabilistic risk assessments show that setting as few as two factors at high end levels (e.g., 
near the 90th -percentile), while setting the remaining variables at less conservative, or typical 
values results in a product of all input variables that approximate a maximum exposure value 
(e.g., 99th -percentile value) (Cullen 1994). This risk assessment uses greater than or near 
90th-percentile estimates for contaminant concentrations, inhalation rates, ingestion rates, and 
skin surface exposure, and uses these for estimating the risk associated with two highly 
conservative estimates of soil concentration. As a result this assessment provides very 
conservative estimates of health effects that are, nonetheless, within the level of acceptable 
risk.  
 

Summary of Risks and Hazards 
The calculations in this risk assessment are based on conservative assumptions for nearly 
every parameter, which yields a very conservative upper bound estimate of potential health 
effects. The calculations demonstrate that using the upper mean estimate concentration of 
0.515 mg/kg of Aroclor 1254, the carcinogenic health risk is within the acceptable range of 
1  in 10,000 to 1 in 1,000,000: the estimated carcinogenic risk is two in one million, and the 
chronic hazard index is less than 1. These values are below levels of health concern, and 
support the conclusion that clean closure of the area for RCRA is appropriate. 
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