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700 Heinz Avenue 
Berkeley, CA 94710-2737  


Dear Ms. Bacey: 


I am pleased to submit for your records the Final Radiological Site Investigation Report, 
1400 Series Housing Area, Former Naval Station Treasure Island, San Francisco, California, 
December 2022.  This Radiological Site Investigation Report describes the results of previous 
investigations and recommends no further action (NFA) for Areas 1 and 2 within the 1400 Series 
Housing Area. 


 
All recipients receive electronically via email and/or as otherwise noted. 


 
Thank you for your continued support of this program.  If you have any questions, please 


contact Mr. Louie Cardinale, Remedial Project Manager, at rene.l.cardinale.civ@us.navy.mil, or 
me at (619) 524-1924. 


 
                                                                   Sincerely,  
 
 
 


            JANET LEAR 
            BRAC Environmental Coordinator (Acting) 
            By direction of the Director 
 


Enclosure: Final Radiological Site Investigation Report, 1400 Series Housing Area, Former 
Naval Station Treasure Island, San Francisco, California, December 2022.  
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Executive Summary 


This Site Investigation (SI) Report compiles, summarizes, and evaluates the results of 


previous radiological investigation and characterization activities completed for the 1400 


Series Housing Area within Installation Restoration (IR) Site 12 at Former Naval Station 


Treasure Island (NSTI), San Francisco, California. With respect to the Comprehensive 


Environmental Response, Compensation, and Liability Act (CERCLA) process, the 


potential for radiological concerns from historical Navy activities at all of Site IR 12 has 


undergone a preliminary assessment through the Historical Radiological Assessment 


(HRA) process. Subsequently, several radiological investigations have been conducted 


at IR Site 12, which includes the 1400 Series Housing Area.  


This document serves to summarize the radiological investigation of the 1400 Series 


Housing Area through a formal CERCLA SI that compiles, reviews, and evaluates the 


results of previous investigations completed at the subject site. The evaluations provided 


in this SI will serve to support a determination of whether the site can be recommended 


for no further action (NFA) or if additional investigation for potential radiological concerns 


is warranted.  


The conceptual site model (CSM) developed for known and potential residual radioactivity 


from historical Navy operations at IR Site 12 involves disposal of low-level radiological 


waste (LLRW) containing radium-226 (226Ra) in the designated solid waste disposal areas 


(SWDAs). Based on this model, the HRA (Weston 2006) designated the SWDAs as being 


radiologically impacted. Subsequent characterization of the material in the SWDAs has 


identified discrete low level radiological objects (LLROs) mixed with contaminated soil 


and other debris.  


However, a limited number of LLROs (roughly 1% of the total number of items recovered) 


have been identified in the soil outside the disposal areas. These findings outside the 


historical boundaries of the SWDAs serve as the primary justification for characterizing 


the balance of IR Site 12 as radiologically impacted during subsequent revisions to the 


HRA, as documented in the Historical Radiological Assessment Supplemental Technical 
Memorandum (HRASTM; TriEco-Tt 2014).  


The most likely mechanism for the presence of discrete objects outside the historical 


SWDA boundaries has been attributed to displacement via historical grading and earth-


moving operations during the development and construction of the housing units. 


However, in light of historical information presented in the HRASTM and other sources 


(aerial photographs), and in consideration of other lines of evidence associated with data 


from additional site investigations, the grading operations that likely spread LLROs to 


other housing areas did not appear to have extended to the 1400 Series Housing Area. 
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The SI specifically evaluated radiological data and information from previous 


investigations as they pertain to the 1400 Series Housing Area. The radiological data was 


obtained from published reports that have been reviewed and that have received 


regulatory concurrence. No additional data were collected as part of this SI effort.  


For the purposes of the SI, the 1400 Series Housing Area was subdivided into two 


separate areas as follows: 


• Area 1 – Northern Housing Area 


• Area 2 – Southern Housing Area 


The evaluations conducted for the SI included the following: 


• Review of historical data and information as presented in the HRA, HRASTM, and 


other pertinent agency-concurred documents,  


• Review and visual inspection of historical aerial photographs,  


• Review of all available analytical data including gamma-scan and soil sampling 


results, and 


• Assessment of potential risk to human health associated with the presence of 
226Ra in soil, based on the results of the previous soil sampling completed at the 


1400 Series Housing Area 


The combined level of investigation conducted at Areas 1 and 2 is sufficient, when 


considered in conjunction with other lines of evidence, to support a determination as to 


whether additional investigation or evaluation of the 1400 Series Housing Area is 


necessary. Based on the results of the review and evaluations conducted for this SI, NFA 


is recommended for potential radiological concerns at both Areas 1 and 2 of the 1400 


Series Housing Area. This conclusion is supported by the lines of evidence outlined 


below.  


Area 1: 


1. Review of historical records did not identify evidence of waste or rubbish 


disposal areas associated with historical Navy operations within the Area 1 


footprint. The nature and location of debris observed in the exploratory trenches 


and soil borings within Area 1 is consistent with construction/demolition debris 


generated during demolition of Buildings 194 and 267 prior to development of 


the area and is different in nature from the industrial materials recovered from 


the SWDAs. 
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2. Soil from the SWDAs was not used during the grading and site preparation 


activities for Area 1, based on the following: 


a. Known SWDAs at IR Site 12 were utilized, closed, and covered before 


construction of the 1400 Series Housing Area in 1988, precluding the 


use of soil from the SWDAs during the site grading and preparation 


activities. 


b. Review of historical grading records during the development of the CSM 


for the HRASTM indicates that limited or no net import of fill (generally 


less than 2 feet) was used during the development of Area 1. 


3. The 2013-2014 scoping survey and 2017 follow-up investigation within Area 1 


did not identify elevated radioactivity, and no LLROs were encountered. 


Radiological sampling of Area 1 in 2013 did not identify 226Ra concentrations in 


soil above background levels. 


4. Risk evaluation results for Area 1 indicate a maximum lifetime cancer risk of 


9.90x10-5 (residential receptor), which is within the EPA risk management 


range of 10-4 to 10-6. By comparison, the calculated risks from the soil data 


were below what was estimated for all four receptor scenarios using the NSTI 


average background concentration for 226Ra at NSTI. Furthermore, the 


maximum total calculated dose for all receptor scenarios at Area 1 is 5.24 


mrem/yr, which is lower than the maximum total dose of 7.54 mrem/yr 


calculated using the NTSI background concentration. As such, the risks 


calculated from the Area 1 data are lower than or consistent with what can be 


expected from exposure to background levels of 226Ra in soil at Treasure 


Island.  


Area 2: 


1. Review of historical records did not identify evidence of waste or rubbish 


disposal areas associated with historical Navy operations within the Area 2 


footprint. The nature and location of debris observed in the exploratory trenches 


and soil borings within Area 2 is consistent with construction/demolition debris 


generated during demolition of Buildings 155, 160, 161, and 166 prior to 


development of the area and is different in nature from the industrial materials 


recovered from the SWDAs. 


2. Soil from the SWDAs was not used during the grading and site preparation 


activities for Area 2, based on the following: 


a. Known SWDAs at IR Site 12 were utilized, closed, and covered before 


construction of the 1400 Series Housing Area in 1988, precluding the 







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA 


Executive Summary 


viii  
DCN: NRS-4802-0000-0022 


use of soil from the SWDAs during the site grading and preparation 


activities. 


b. Review of historical grading records during the development of the CSM 


for the HRASTM indicates that limited or no net import of fill (generally 


less than 2 feet) was used during the development of Area 2. 


3. The 2013-2014 scoping survey and 2017 follow-up investigation within Area 2 


did not identify elevated radioactivity, and no LLROs were encountered. 


Radiological sampling of Area 2 in 2013 did not identify 226Ra concentrations in 


soil above background levels. 


4. Risk evaluation results for Area 2 indicate a maximum lifetime cancer risk of 


9.28x10-5 (residential receptor), which is within the EPA risk management 


range of 10-4 to 10-6. By comparison, the calculated risks from the soil data 


were below what was estimated for all four receptor scenarios using the NSTI 


average background concentration for 226Ra at NSTI. Furthermore, the 


maximum total calculated dose for all receptor scenarios at Area 2 is 4.91 


mrem/yr, which is lower than the maximum total dose of 7.54 mrem/yr 


calculated using the NTSI background concentration. As such, the risks 


calculated from the Area 2 data are lower than or consistent with what can be 


expected from exposure to background levels of 226Ra in soil at Treasure 


Island. 
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1.0 Introduction 


This Site Investigation (SI) Report compiles, summarizes, and evaluates the results of 


previous radiological investigation and characterization activities completed at the 1400 


Series Housing Area of Installation Restoration (IR) Site 12 at Former Naval Station 


Treasure Island (NSTI), San Francisco, California (Figure 1). The SI Report has been 


prepared for the U.S. Department of the Navy (Navy), Base Realignment and Closure 


(BRAC) Program Management Office West under Contract No. N62473-17-C-4802 by 


NOREAS, Inc. (NOREAS) and is subject to requirements of the Comprehensive 


Environmental Response, Compensation, and Liability Act (CERCLA) and the National 


Oil and Hazardous Substances Pollution Contingency Plan (NCP).  


As the lead Federal agency for implementation of the IR Program at Former NSTI, the 


Navy works in cooperation with the Department of Toxic Substances Control (DTSC); and 


Regional Water Quality Control Board, San Francisco Bay Region (Water Board) to 


implement the environmental cleanup program. The Navy, DTSC, and Water Board are 


signatories to the Federal Facility Site Remediation Agreement, which governs 


investigation, development, selection and implementation of response actions for all 


releases or threatened releases of hazardous substances, pollutants, or contamination at 


Former NSTI.  


1.1 Regulatory Background and Authority 


The information and evaluations contained in this SI Report are being provided pursuant 


to the Navy IR Program. The Navy’s IR program is conducted in accordance with 


CERCLA and the Superfund Amendments and Reauthorization Act of 1986 as directed 


by Federal Executive Order 12316 dated 20 August 1981 that requires the U.S. 


Department of Defense (DoD) to comply with CERCLA.  


The DoD has the authority to undertake CERCLA actions under Title 42 of the United 
States Code (USC), Section 9604; Title 10 of the USC; Section 2705; and Federal 


Executive Order 12580. Under the authority of CERCLA, the DoD has undertaken the 


assessment of low-level radioactive materials at Former NSTI by conforming to the 


requirements of the NCP, Title 40 of the Code of Federal Regulations, Part 300. Because 


CERCLA defines radionuclides as hazardous substances, they are included as part of 


the CERCLA process to investigate, characterize, and remediate contamination.  
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1.2 Site Location and Description 


The 1400 Series Housing Area has previously been defined as an approximately 20-acre 


area located in the northwestern portion of NSTI (CB&I Federal Services, LLC [CB&I] 


2015), within the southern part of the housing areas of IR Site 12 (Figure 2). It includes a 


total of 34 residential buildings (Buildings 1400 through 1449), the majority of which 


consist of four to six two-bedroom apartments with one-car garages. With respect to the 


IR Program at NSTI, the area surrounding Building 225 (IR Site 20) and former fire station 


(fenced area around Building 157) are not part of IR Site 12 and are therefore not 


considered part of the 1400 Series Housing Area evaluated under this SI.  


The 1400 Series Housing Area (Site) was built in 1988 and is the most recently 


constructed housing area at NSTI (TriEco-Tt, a Joint Venture of TriEco, LLC and Tetra 


Tech EM, Inc. [TriEco-Tt] 2014). Based on historical activities and operations, there is no 


evidence that low-level radiological materials were used within this portion of IR Site 12. 


Though disposal of debris has been noted in housing construction plans and geotechnical 


reports for Site 12, there are no documented disposal areas within the 1400 Series 


Housing Area.  


1.3 General Site History 


At Site 12, environmental contamination is generally associated with documented sources 


that include waste disposal and burning operations that typically took place between the 


1940s and early 1960s in well-defined or designated areas (e.g., incinerator operations, 


disposal in waste trenches, disposal at end of runway, etc.) (TriEco-Tt 2014). In general, 


waste streams at Site 12 diminished with the end of WW II and the status of NSTI as a 


Frontier Base. While active, these deliberate Navy disposal practices were generally 


conducted in remote areas of the base, currently defined as SWDAs, within open areas 


not occupied by buildings. After 1945, NSTI was redesignated as a U.S Navy Small Craft 


facility and operations continued on a reduced scale. 


In the early 1960s, geotechnical borings were advanced in the northern portion of IR Site 


12 prior to housing construction. The presence of debris was identified in one of seven 


borings advanced in the northern portion of the 1400 Series Housing area, in an area 


under the former runway. However, because the runway was constructed prior to when 


the Navy acquired NSTI in 1942, the debris that was found under the runway pre-dates 


Navy disposal activities. Debris was not found in any of the other geotechnical borings in 


the 1400 Series footprint and there were no documented releases or disposal areas within 


the 1400 Series Housing area footprint. In the absence of documentation or evidence for 


a specific historical release, deliberate disposal has not occurred where buildings were 


located or other Navy operations were known to have taken place.  
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1.4 SI Area Boundaries 


The 1400 Series Housing Area generally consists of two separate residential housing 


tracts. The two housing tracts are separated by an empty lot and IR Site 20. For the 


purposes of the SI, the 1400 Series Housing Area has been subdivided into two separate 


areas as follows: 


1. Area 1 – Northern Housing Area 


2. Area 2 – Southern Housing Area 


The following subsections provide brief descriptions of the areas evaluated for the SI; the 


locations and boundaries for each of the areas are provided in Figure 3.  


Area 1 – Northern Housing Area 


As depicted on Figure 3, Area 1 consists of an approximately 6-acre area (22,567 square 


meters [m2]) in the northern portion of the 1400 Series Housing Area that is bound to the 


south by 12th Street, to the west by Avenue B, and to the east by the western edge of the 


paved parking lot of the former school (now the Center by Design). The northern boundary 


of Area 1 extends to the point where evaluations and conclusions provided in the Final 
Conceptual Site Model Update, Installation Restoration Site 12 (CSM Update; IE JV, 


2022) indicate that there was no overlap from grading activities at the adjacent 1100 


Series housing area. The revised Area 1 boundary is depicted on Figure 3 and has been 


applied to Figures 2 through 7, where applicable. Additional description of the rationale 


for the establishment of this northern boundary is provided in Section 3.2 below.  


A total of 16 occupied residential buildings and their associated carports/garages 


(Buildings 1400 through 1420) are located within the boundary of Area 1. Paved 


structures within the site boundary include roads (Sturgeon Street, Striped Bass Street, 


and Flounder Court) and driveways.  


Area 2 – Southern Housing Area 


Area 2 consists of an approximately 8-acre (33,340 m2) area in the southern portion of 


the 1400 Series Housing Area that is bound to the south by 9th Street, to the west by 


Avenue B, and to the east by Avenue D (Figure 3). The northern boundary of Area 2 is 


essentially defined by the southern boundary of IR Site 20 and northern boundary of the 


former fire station (Building 157 compound). A total of 18 occupied residential buildings 


and their associated carports/garages (Buildings 1430 through 1449) are located within 


the boundary of Area 2. Paved structures within the site boundary include roads (Halibut 


Court, Croaker Court, and Chinook Court) and driveways.  
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1.5 SI Scope and Objectives 


In accordance with the CERCLA process, the potential for radiological concerns at NSTI 


due to historical Navy operations has undergone a Preliminary Assessment (PA)-type 


evaluation through the Historical Radiological Assessment (HRA) process (see Sections 


2.1 and 2.2), which identified IR Site 12 as being radiologically impacted and 


recommended additional investigation and/or evaluation. Subsequently, several 


radiological investigations, and associated reporting, have been conducted at 1400 


Series Housing Area; however, a CERCLA SI report summarizing and evaluating these 


investigations has not been prepared. 


The objective of this SI Report is to evaluate the results of previous radiological 


investigations and surveys at the two areas defined as Area 1 and Area 2 at the 1400 


Series Housing Area to determine if one of two potential recommendations apply to those 


areas: 


1. The area does not require further investigation or response for potential 


radiological concerns due to historical Navy activities and is recommended for no 


further action (NFA). This designation would allow the areas to achieve closure 


and exit the CERCLA process, with respect to radiological concerns, or 


2. Additional evaluation for potential radiological concerns from historical Navy 


activities is warranted and the site is recommended for further action.  
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2.0 Review of Previous Radiological Investigations 


The following subsections provide a brief description of the pertinent radiological 


assessments and investigations completed at IR Site 12 as they relate specifically to Area 


1 and Area 2 of 1400 Series Housing Area (as defined for the SI), with particular focus on 


key findings and recommendations that were evaluated for the purpose of the SI. A list of 


these documents is provided in Table 1. The DTSC and CDPH have reviewed and 


concurred with all of the documents provided in Table 1. 


Several of the radiological investigations and evaluations summarized below involve 


comparison of radium-226 (226Ra) concentrations in soil samples collected from a given 


site to the average background concentration of 0.69 picocuries per gram (pCi/g) 226Ra 


for soil at NTSI. Details regarding how this basewide background value was established 


are provided in the Analysis of Gamma Survey and Radium-226 Soil Concentration Data 
at the Treasure Island Site-Wide Background Areas and the Area 7 Background 
Reference Area (Shaw 2012), a copy of which is provided in Appendix A. 


2.1 Historical Radiological Assessment (2006) 


The Final Treasure Island Naval Station HRA (Weston Solutions, Inc. [Weston] 2006) was 


completed in 2006 to document the extent of past radiological operations at specific sites 


throughout NSTI and assess the potential for residual radiological impacts at those 


locations. The HRA identifies sites as being either radiologically impacted or non-


impacted. 


For the purposes of the HRA, a site is designated as being radiologically “impacted” where 


there is potential for radioactivity to exist in excess of natural background levels based 


solely on current or past activities such as the use, storage or disposal of radioactive 


material at that location. However, designation as radiologically impacted does not mean 


that radioactive contamination is present, only that the possibility exists and investigation 


should be conducted to confirm its presence or absence. A “non-impacted” designation 


is based on historical documentation or previous radiological survey information indicating 


that a given site had no reasonable possibility for residual radioactive contamination 


(Weston 2006).  


At the time of the HRA, additional assessment of the potential for residual radioactive 


contamination was being addressed at IR Site 12, and the HRA concluded that the 


possibility of finding radioluminescent devices in NSTI disposal areas was low (Weston 


2006). However, the SWDAs were considered radiologically “impacted” and 226Ra was 


identified as the potential radionuclide of concern (ROC).  
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Based on these findings, the HRA recommended that radiation screening and monitoring 


be conducted during excavation activities at the SWDAs. The HRA did not identify the 


areas outside of the SWDAs at IR Site 12, including the 1400 Series Housing Area, as 


radiologically impacted. 


2.2 Historical Radiological Assessment – Supplemental Technical 
Memorandum (2014) 


The Final HRA Supplemental Technical Memorandum (HRASTM) (TriEco-Tt 2014) was 


prepared to incorporate and assess the findings from the additional investigations 


performed following the completion of the original HRA. In particular, findings from initial 


SWDA excavation activities after the 2006 HRA confirmed that discrete radiological items 


had been disposed along with other debris in the SWDAs. In addition, findings from other 


radiological investigations outside the SWDAs at IR Site 12 indicated that radiological 


items could also be present in other areas outside the SWDAs. Consequently, the 


HRASTM designated all of IR Site 12, including the 1400 Series Housing Area, as 


radiologically impacted due to the findings of discrete low-level radiological objects 


(LLROs) outside of the SWDAs.  


The HRASTM also updated and refined the conceptual site model (CSM) for IR Site 12 


to address the origin and impact of the LLROs that were found following the completion 


of the HRA in 2006. Specifically, it acknowledged that repair and maintenance of ships 


and planes had taken place at NSTI from roughly 1943 to 1946, which aligns with the 


findings of hundreds of discrete LLROs during excavation at the SWDAs. They were likely 


disposed in those locations along with other debris generated during the maintenance 


and repair operations. The HRASTM also discussed the likely purpose/use of radium foils 


that have been found at the site. Although the exact use could not be confirmed, the 


HRASTM concluded the foils were likely used as calibration or check sources for the 


Atomic Warfare School located at TI and disposed of as excess in the early 1950s (see 


Section 1.2.2 of the HRASTM). 


In addition, the HRASTM also included a CSM for the presence of a limited number of 


discrete LLROs discovered outside the SWDAs. Based on review of the grading and 


geotechnical plans associated with the residential housing construction at IR Site 12, the 


HRASTM concluded that LLROs originally disposed or buried in the SWDAs may have 


been transported or displaced laterally, away from the disposal areas, further into the 


1100, 1200, and 1300 Series housing areas during the soil-grading and earth-moving 


activities conducted during housing construction (see Sections 3.1 and 3.2).  
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2.3 IR Site 12 Trenching (2003) 


In 2003, the Navy completed an exploratory trenching investigation at IR Site 12 to help 


delineate the lateral extent of the SWDAs and identify other potential areas of concern 


outside the SWDAs (Shaw Environmental, Inc. [Shaw] 2004). In particular, a total of 588 


trenches and seven hand-auger borings were advanced in accessible areas throughout 


the IR Site 12 housing areas, excluding those locations that were previously remediated, 


planned for remediation (SWDAs), or contained paved areas such as streets, sidewalks, 


or parking areas. A total of 90 exploratory trenches were completed within the footprints 


of Area 1 and Area 2 of the 1400 Series Housing Area (Shaw 2004). 


During trenching, the excavated soil and excavation were visually inspected for debris, 


and were screened for radiological concerns and sampled for chemical impacts. Although 


a limited amount of debris was encountered, it predominantly consisted of small pieces 


of concrete, asphalt, nails and other construction/demolition material that was distinctly 


different from the more industrial materials (e.g. drums, metal fragments, etc.) recovered 


from the SWDAs (Shaw 2004). These results provide support that industrial wastes and 


debris from historical Navy operations at the base were not disposed in the 1400 Series 


Housing Area and evidence for disposal areas within the study area was not identified.  


2.4 Radiological Scoping Survey of IR Site 12 (2013-2014) 


Between September 2013 and April 2014, a radiological scoping survey of IR Site 12 was 


conducted. The results of the survey are documented in the regulatory agency-concurred 


Final Radiological Scoping Survey Report, IR Site 12 and Selected Transportation 
Routes, Former NSTI (Gilbane Federal [Gilbane] 2015). Data quality objectives (DQOs) 


for the survey were established to provide data of sufficient quality and quantity to 


determine whether residual levels of radioactivity requiring remediation were present at 


the site and to provide design input for subsequent surveys with the ultimate goal of 


obtaining radiological clearance. 


Gamma scans were conducted over accessible, exterior (outdoor) areas within the 1100, 


1200, 1300, and 1400 Series Housing Areas at IR Site 12. This included private fenced 


backyard areas; small concrete-paved areas such as sidewalks, patios, driveways, and 


sports courts (basketball, tennis, etc.); and asphalt-paved roadways and parking areas. 


The gamma scan results for Areas 1 and 2 are depicted on Figure 4. Exposure rate 


measurements and alpha/beta surface measurements were also collected. In addition, 


soil samples were collected and analyzed for 226Ra as part of the scoping survey activities.  


Based on statistical outliers observed in the 1400 Series Housing Area radiological data 


population, an additional 26 locations within the SI Area 1 and Area 2 footprints were 
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identified for further evaluation, and a supplemental field investigation was conducted in 


February 2014. The supplemental field investigation attempted to locate discrete areas 


(less than 0.5 m²) with distinctively higher radiation levels than those in the surrounding 


area of these 26 locations identified. Of these 26 locations, 13 could not be distinguished 


from background, and 13 discrete areas were identified as having distinctly higher 


radiation levels than the surrounding areas. Hand-digging was performed at each of the 


13 areas in an attempt to locate a discrete source of radiation; however, no LLROs were 


identified, and concentrations of 226Ra in all of the soil samples were consistent with 


background concentrations (Gilbane 2015).  


The regulatory agency-concurred Final Radiological Scoping Survey Report (Gilbane 


2015) provided the following recommendations relevant to Area 1 and Area 2 of the 1400 


Housing Series Housing, as stated in the report: 


1. “Investigate the graphical and statistical anomalies observed within the housing 


area matrix data sets to determine whether they represent Navy legacy material 


or radiological artifacts of the island unrelated to Navy operations”, and  


2. “Investigate the dissimilarities among the housing area matrix data sets using 


exploratory data analytical methods, followed up by field observations and 


additional data collection, as necessary, to validate conclusions.” 


2.5 Radiological Sampling at 1400 Series Housing Area (2013) 


In December 2013, a radiological soil sampling event was conducted at the 1400 Series 


Housing Area, IR Site 20, Building 157, and the empty lot between the Area 1 and Area 


2 of the 1400 Series Housing. The results of the soil sampling event are documented in 


the regulatory agency-concurred Final Completion Report, Radiological Sampling at the 
1400 Series Housing Area, IR Site 12, Former NSTI (CB&I 2015). The objective of this 


investigation was to collect radionuclide data from soil in the 1400 Series Housing Area 


and vicinity to be used in concert with other lines of evidence to support the assumption 


that the 1400 Series Housing Area was not affected by grading and earth-moving 


activities associated with the SWDAs.  


The 1400 Series Housing Area was subjected to a survey consistent with a Multi-Agency 


Radiation Survey and Site Investigation Manual (MARSSIM) Class 2 survey (U.S. Nuclear 


Regulatory Commission, et. al. 2000) that included advancing soil borings to 4 feet below 


ground surface (bgs). At each boring, soil was collected in 6-inch (0.5-foot) intervals from 


0 to 4 feet bgs. Each interval was visually inspected for signs of historical Navy-related 


waste or debris and was radiologically screened. Soil samples were collected from a 


minimum of two depth intervals at each location. For Areas 1 and 2, a total of 342 soil 


samples were collected from 171 locations (Figure 5), which included two samples from 
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random depth intervals at each boring location. The samples were analyzed for 


radionuclides, including 226Ra, by gamma spectroscopy methods. 


Debris, typically consisting of small metal objects (e.g., nails and wire), and pavement 


debris (tarred asphalt and concrete) consistent with building demolition, were observed 


at 32 of the locations at Areas 1 and 2 (Figure 6). In addition, small fragments of charred 


wood were found in some locations. No large debris consistent with the items discovered 


in the SWDAs at IR Site 12 was encountered.  


Of the 342 soil samples analyzed, all results were reported below the project release 


criterion of 1.69 pCi/g (CB&I 2015). In addition, comparison of the data to the NSTI 


background data set (Table 2) indicates that the average 226Ra concentration from the 


Area 1 and Area 2 samples is less than the site-wide average background value of 0.69 


pCi/g (Shaw, 2012); the maximum reported concentration reported in all the Area 1 and 


Area 2 samples (0.792 pCi/g) was also lower than the maximum value reported in 


background set (0.980 pCi/g). 


The report concluded that the results of the radiological sampling support the historical 


record that Navy disposal activities did not occur in the 1400 Series Housing Area and 


provide further evidence that neither LLROs nor soil containing elevated concentrations 


of 226Ra from the SWDAs were transported to the 1400 Series Housing Area based on 


the following lines of evidence: 


1. Observed debris in the soil borings was not consistent with debris found in the 


SWDAs,  


2. Radiological screening (static gamma) measurements collected from the soil 


borings were consistent with background, and  


3. Concentrations of 226Ra in the soil samples were consistent with levels reported 


in background. 


  


2.6 Third-Party Evaluation of RS-700 Scoping Survey Data (2017) 


A third-party evaluation of the gamma scanning data collected during the 2013-2014 


scoping survey (Section 2.4) was completed in 2017 to identify statistical anomalies and 


region-of-interest data for the potential presence of LLROs or elevated soil 


concentrations. The analysis utilized a tiered approach developed following consultation 


with CDPH to evaluate data collected from the 1100, 1200, 1300, and 1400 Series 


Housing Areas, as documented in the Technical Memorandum, Follow Up to the 
Evaluation of RS-700 Scoping Survey Data Collected by Gilbane (APTIM Federal 


Services, LLC [APTIM] 2017). The data review process included multiple analytical 
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techniques including reviews of gamma-scan count rate data, time-series plots depicting 


count rates and z-scores, reviews of z-score data, and spectral analysis. The evaluation 


identified 196 3-meter by 3-meter areas for follow-up investigation and developed a work 


flow process detailing each phase of the investigation field work. Of these 196 locations 


identified for follow-up investigation, 73 were located in Area 1 and Area 2 of the 1400 


Series Housing Area.  


2.7 Follow-Up Investigation, Scoping Surveys of IR Site 12 (2017) 


Between September 11 and October 20, 2017, radiological surveys were conducted as 


part of a follow-up investigation of the 196 locations within the IR Site 12 housing areas 


that were identified in the third-party evaluation of the gamma scan data. The results of 


the follow-up investigation are documented in the Final, Revision 1, IR Site 12 Scoping 
Survey Follow Up Investigation (APTIM 2020).  


The follow-up investigation consisted of performing gamma scans at each 9 m2 area, 


followed by the collection of static gamma measurements at the location with the highest 


measurement observed during the gamma scan. In addition, a soil sample was collected 


from those locations where static gamma measurements were noted above the screening 


levels established for the project.  


Based on gamma scan, gamma static measurements, and soil sample data, no locations 


in Areas 1 or Area 2 of the 1400 Series Housing Area were recommended for further 


investigation. 
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3.0 Conceptual Site Model for Residual Radioactivity  


Historical environmental investigations conducted at IR Site 12 have resulted in the 


finding of LLROs and/or elevated 226Ra concentrations in soil, with most of these findings 


located within the SWDAs. The IR Site 12 SWDAs consist of defined areas where Navy-


generated wastes were disposed by burial or in conjunction with open burning. The Site 


12 SWDAs were identified in the 2006 HRA as radiologically impacted due to historical 


solid waste disposal activities in those locations. Subsequent investigations identified 


LLROs outside the SWDAs resulting in the entirety of IR Site 12 being identified as 


radiologically impacted in the 2014 HRASTM (Section 2.2).  


The HRASTM (TriEco-Tt 2014) describes several potential mechanisms for radiological 


impacts to the environment at NSTI, which includes 1) repair/solid waste disposal 


operations, and 2) spills/dispersed radioactivity resulting from handling of soils containing 


LLROs from IR Site 12 SWDAs (such as grading during housing construction). The CSM 


mechanism for repair/solid waste operations presumes that radiological waste would 


have been generated during the ship repairs conducted at NSTI during World War II. This 


may have included LLROs such as deck markers or gauges that were disposed onsite 


within the SWDAs.  


Radioactive material recovered from the soil at NSTI has predominantly been in the form 


of solid objects (LLROs) and not as dispersed or diffuse radioactive material. In some 


instances, these solid objects have been identified in the field intact. However, even when 


these objects were degraded, the diffusion of radioactive material has been low (i.e., the 


source of elevated radioactivity is discrete even when the object is not intact).  


3.1 General CSM for Areas Outside SWDAs 


In addition to LLROs being identified within the historical SWDA boundaries, discrete 


objects have been found outside of the SWDAs, in what has been referred to in previous 


documents as the open space areas (The open space areas refers to those areas within 


IR Site 12 that lie outside the limits of the defined SWDA boundaries). The HRASTM 


identified the IR Site 12 housing areas outside the SWDAs as radiologically impacted due 


to historical site-grading operations (TriEco-Tt 2014).  


However, further evaluation of information and data from historical documents and 


environmental investigations indicate that the CSM for the 1400 Series Housing Area 


differs from that developed for other housing areas at IR Site 12, as described in Section 


3.2 below. 
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3.2 CSM for 1400 Series Housing Area 


Several aspects of the 1400 Series Housing Area distinguish it from the other IR Site 12 


housing areas. Although disposal of debris has been documented in construction plans 


and geotechnical reports for the 1100, 1200, and 1300 Series Housing Areas, there are 


no documented disposal areas in the 1400 Series Housing Area and no historical 


evidence for the disposal of low-level radiological materials. Debris encountered in the 


109 exploratory trenches completed in 2003 (Section 2.3) and 34 soil borings advanced 


during the 2013 radiological soil sampling event (Section 2.5) generally consisted of 


charred wood and small metal objects such as wire or nails, as well as pieces of tarred 


asphalt and concrete materials consistent with building demolition debris (CB&I 2015). 


This differs in nature from the large industrial debris (e.g., drum fragments, scrap metal, 


etc.) recovered from the excavations within the SWDAs (CB&I 2015). The presence of 


buildings and associated activities in the southern portion of the housing area in the 1940s 


and early 1950s would have inhibited rubbish disposal at this portion of the site (see 


Sections 5.1 through 5.3). Therefore, materials encountered at the 1400 Series Housing 


Area are consistent with construction/demolition debris related to construction and 


development of the residential housing units at the site and are not associated with Navy 


operations. 


In addition, the 1400 Series Housing Area was developed in 1988, which post-dates the 


covering and closure of the SWDAs and rubbish areas at IR Site 12 as the 1100, 1200, 


and 1300 Series Housing Areas were completed by 1975. The HRASTM review and 


evaluation of pre- and post-construction grading plans and elevation surveys concluded 


that there was limited or no net import of fill (less than 2 feet) during the development and 


construction of the 1400 Series Housing Area (TriEco-Tt 2014). However, more recent 


review and evaluation of these same plans and surveys indicated the amount of fill used 


in the 1400 Series housing was likely less than 1 foot in most locations. These revisions 


to the grading model are documented in the Final CSM Update (IE JV 2022).  


As noted in Section 3.2.4.4 of the Final CSM Update, review of historical aerial 


photographs and construction plans indicates that grading activities during the 


development of the 1100 Series housing area in the 1970s likely overlapped onto an 


approximately 0.6-acre area in the northernmost portion of what was once included within 


the boundary of the 1400 Series housing area (see Figure 3). Therefore, for the purposes 


of this SI, this approximately 0.6-acre area of overlap has been excluded from Area 1 and 


will be addressed under a future evaluation.  
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4.0 Risk Assessment 


An evaluation of potential risk posed to human health from radionuclides in soil at the 


1400 Series Housing area was previously conducted as part of the 2013 soil sampling 


event using the RESRAD dose modeling code (CB&I 2015). This previous modeling used 


the conservative default scenario that assumes a full-time resident farmer growing crops 


in the modeled area. In addition, the previous modeling included use of the maximum 


concentration of 226Ra detected in the 1400 Series soil data set (0.819 pCi/g), corrected 


for background (equal to 0.131 pCi/g after subtraction of average sitewide background of 


0.69 pCi/g), over a 7,511 square meter (m2) area. Using these conservative inputs and 


assumptions, the previous modeling results indicated a maximum lifetime cancer risk of 


3.73x10-5 (CB&I 2015), which is within the EPA risk management range of 10-4 to 10-6. 


For the purposes of this SI, the 226Ra concentration data from the 2013 soil sampling 


event for Areas 1 and 2 were used to estimate cancer risk and perform dose modeling 


calculations using RESRAD-ONSITE Code, Version 7.2 modeling software (Argonne 


National Laboratory 2018). The modeling was conducted using several potential 


exposure scenarios that are anticipated based on the planned future uses at the 1400 


Series Housing (residential/mixed use). Where appropriate, the potential receptors and 


exposure parameters used for the IR Site 12 RI risk assessment were selected to be 


consistent with previous risk evaluations. Site-specific modeling inputs for this risk 


evaluation included the average 226Ra concentration of all the results within the footprint 


of both of the two individual SI Areas, uncorrected for background.  


The table below provides a summary of the concentration data and surface area inputs 


for each area. 


Location 
Average 226Ra 


Concentration per area 
Surface Area 


Area 1 0.483 pCi/g 22,567 m2 


Area 2 0.444 pCi/g 33,340 m2 


 


These site-specific inputs were used to run the models under the following anticipated 


exposure scenarios that include the same receptors as evaluated for IR Site 12 RI 


(TriEco-Tt 2012): 


• Future/Current Resident 


• Future/Current Commercial/Industrial Worker 


• Future Construction Worker  


• Future Recreational User 
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Cancer risk and dose estimates were also modeled assuming the average NSTI 


background concentration for 226Ra in soil (0.69 pCi/g) at both of the individual SI Areas 


for each receptor/exposure scenario. All other input parameters were maintained for the 


background modeling to allow for direct comparison to the model results from sampling 


data.  


Additional details regarding the RESRAD modeling inputs and outputs are provided in 


Appendix B. The results of the risk assessment modeling are provided in Tables 3 and 4 


and are discussed in Section 5.0 below. 







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA 
 5.0 Summary and Evaluation of Existing Data  


5-1  
DCN: NRS-4802-0000-0022 


5.0 Summary and Evaluation of Existing Data 


The following subsections provide a summary and evaluation of the radiological data and 


information from the previous investigations as they pertain to Area 1 and Area 2 of the 


1400 Series Housing Area. In general, the evaluations described below included the 


following: 


• Review of pertinent historical data and information as presented in the HRA, 


HRASTM, and other documents described in Section 2.0 above,  


• Review and visual inspection of historical aerial photographs, 


• Review of all available analytical data including gamma-scan and soil sampling 


results, and 


• Assessment of potential risk to human health associated with the presence of 
226Ra in soil, based on the results of the 2013 soil sampling at the site. 


Figure 4 depicts the results of the gamma scan data using different colors representing 


three ranges of statistical z-score values from the 2013-2014 scoping survey at the 1400 


Series Housing Area (Gilbane 2015), as compiled and presented in the agency concurred 


Final, Revision 1, IR Site 12 Scoping Survey Follow up Investigation (APTIM 2020). Areas 


depicted in green reflect z-scores less than 2 (i.e., the scan data point is less than the 


population mean value plus two standard deviations) and were considered to be of no 


interest statistically. Areas with z-scores ranging between 2 and 3 are represented in 


yellow and were considered to be areas of statistical interest; those with z-scores above 


3 are depicted in magenta. These magenta-colored areas indicate a statistical probability 


greater than 99% that the data point(s) may not represent the same population as the 


rest of the data set and could potentially represent residual radioactivity from historical 


Navy activities or Naturally Occurring Radioactive Material (NORM) rather than 


background radioactivity. The magenta areas were considered statistical outliers and 


were investigated as part of both the 2013-2014 Scoping Survey and the 2017 Follow Up 


Investigations described in Sections 2.4 and 2.7, respectively. 


Figure 5 depicts the soil sampling locations from the 2013 radiological sampling at the 


1400 Series Housing Area. A summary of the 226Ra concentration statistics for both of the 


SI Areas is provided in Table 2.  


5.1 Area 1 – Northern Housing Area 


A review of historical aerial photographs in Figure 7a shows a consistent presence of 


buildings and paved parking areas in the northern portion of the 1400 Series Housing 


area during the known era of SWDA disposal activities from the 1940s to the early 1960s. 
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In particular, Buildings 194 and 267 located northwest of 12th Street (Figure 7a) are clearly 


visible in the aerial photo from 1969, but are no longer present in the photo from 1980.  


Constructed in 1967, the 1100 Series Housing tract, is clearly visible to northwest of Area 


1 in the aerial photographs taken after 1969; the 1300 Series Housing is visible to the 


west of Area 1 in photos taken after 1974. Following the demolition of Buildings 194 and 


267 after 1980, Area 1 remained undeveloped until the construction of the 1400 Series 


housing before 1993 (Figure 7b).  


Scoping Survey, Radiological Sampling, and Follow-Up Investigation Results 


As depicted on Figure 4, the vast majority of the gamma scan data collected from the 


northern portion of the 1400 Series Housing Area (Area 1) during the 2013-2014 scoping 


survey represent readings with z-scores of less than 2 and were identified as being of no 


interest. Third-party evaluation of the scoping survey data identified 34 areas for follow-


up investigation within the Area 1 footprint. The follow-up investigation completed in 2017 


did not indicate elevated radiological activity at those locations that would require further 


investigation, and no evidence for the presence of LLROs was found. 


During the 2013 Radiological Sampling event, a total of 134 systematic and biased soil 


samples were collected from 74 locations within the approximately 6-acre (22,567 m2) 


footprint of Area 1 (Figure 5). As summarized in Table 2, the average 226Ra concentrations 


calculated from the soil sampling data for Area 1 were reported below the NSTI sitewide 


background concentration of 0.69 pCi/g. Moreover, the maximum concentration of 226Ra 


in all of the soil samples collected from within Area 1 was reported as 0.792 pCi/g (Table 


2), which is below the maximum concentration of 0.980 pCi/g reported in the background 


data set. 


Debris was noted at depths ranging from 0.5 to 3.5 feet bgs at seven boring locations 


within the Area 1 footprint during the 2013 radiological sampling event (Figure 6). As 


described in Section 2.5, the debris consisted of predominantly of small metallic objects 


(nails and wire), with small fragments of tarred concrete and asphalt (CB&I, 2015). In 


addition, the majority of the debris was observed in boring locations from within Area 1 


that generally correspond with the location of Buildings 194 and 267 from the mid-1940s. 


Building 194 appears to have been demolished by 1955 (Figure 7a) while Building 267 


was demolished between 1974 to 1980 (Figures 7a and 7b). These observations indicate 


that the nature and location of the observed debris in Area 1 is consistent with building 


materials from demolition in place.  
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Risk Assessment Results 


Based on the RESRAD-ONSITE risk modeling results using the Area 1 data, the 


estimated lifetime cancer risk for all of the evaluated receptors ranged from 9.90x10-5 to 


9.23x10-7 (Table 3), with the maximum calculated risk observed for the residential 


receptor. All of these calculated risks are either below the most stringent EPA and DTSC 


threshold of 10-6, or fall within the EPA risk management range of 10-4 to 10-6. Using the 


same modeling parameters, the estimated cancer risks using the NSTI sitewide average 


background 226Ra concentration (0.69 pCi/g) ranged from 1.42x10-4 for the residential 


receptor to 1.32x10-6 for the construction worker. As such, the calculated lifetime cancer 


risks for all potential receptors from the Area 1 soil data are below what was calculated 


from exposure to average background 226Ra concentration in soil at NSTI.  


In addition to the cancer risk estimates, dose modeling indicates a maximum total dose 


of 5.24 millirem per year (mrem/yr) for all of the evaluated receptors based on the Area 1 


soil data. The maximum total calculated dose using the sitewide average background 
226Ra concentration is 7.54 mrem/yr (Appendix B). Both model-estimated total dose 


values are below the EPA regulatory limit of 12 mrem/yr for unrestricted release.  


These combined cancer risk and dose modeling results indicate that the 226Ra 


concentrations in soil at Area 1 do not pose a risk beyond what would be expected from 


exposure to background conditions for the site.  


Summary of Evaluations 


The investigation completed within Area 1 included: 1) an evaluation of historical site use, 


2) a comprehensive field investigation that included a 100% gamma scan covering all 


accessible areas and radiological analysis of 134 soil samples collected from 67 locations 


(consistent with MARSSIM Class 2 survey requirements), and 3) a radiological risk 


evaluation for potential current and future site receptors.  


The results of the investigations and risk assessment support the conclusion that 


historical Navy operations or activities have not resulted in radioactivity levels 


distinguishable from background at the site. As such, no further action for potential 


radiological concerns at Area 1 is warranted.  


5.2 Area 2 – Southern Housing Area 


A review of available historical aerial photographs indicates the presence of Buildings 155 


and 166 in the southern portion of Area 2 in 1946, though both structures are absent in 


the photo from 1955 (Figure 7a), indicating they were demolished sometime between 
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1946 and 1955. Aerial photos show buildings 160 and 161 as present through 1974. 


Buildings 160 and 161 were likely demolished sometime after 1974 (Figure 7a).  


Historical records indicate that the 1300 Series Housing was constructed in 1974 and 


1975 (TriEco-Tt 2014). The tract is clearly visible to west of Area 2 in the aerial 


photographs taken after 1974, consistent with the documented information. Information 


reviewed for the HRASTM, as well as for this SI, did not indicate the establishment of 


laydown and storage areas for the construction of the 1300 Series Housing, and evidence 


for such was not observed in the aerial photographs.  


Scoping Survey, Radiological Sampling, and Follow-Up Investigation Results 


The vast majority of the gamma scan data collected from the southern portion of the 1400 


Series Housing Area (Area 2) during the 2013-2014 scoping survey represent readings 


with z-scores of less than 2 and were identified as being of no interest (Figure 4). Third-


party evaluation of the scoping survey data identified 39 areas for follow-up investigation 


within the Area 2 footprint. The follow-up investigation completed in 2017 did not indicate 


elevated radiological activity that would require further investigation at those locations, 


and no evidence for the presence of LLROs was found. 


During the 2013 radiological sampling event, a total of 208 systematic and biased soil 


samples were collected from 104 locations within the approximate 8-acre (33,340 m2) 


footprint of Area 2 (Figure 5). Based on the analytical results summarized in Table 2, the 


average 226Ra concentration calculated from the soil sampling data for Area 2 were 


reported below the NSTI average background concentration of 0.69 pCi/g. The maximum 


concentration of 226Ra in all of the soil samples collected from within Area 2 was reported 


as 0.746 pCi/g (Table 2), which is also below the maximum concentration of 0.980 pCi/g 


reported in the background data set. 


Debris was observed in depths ranging from 0.5 to 4.0 feet bgs at 25 boring locations 


during the 2013 radiological sampling event (Figure 6). As described in Section 2.5, the 


debris consisted of small metallic objects (nails and wire), and pavement (asphalt and 


concrete) fragments, with some charred wood (CB&I 2015). Moreover, the majority of the 


debris was observed in boring locations from within Area 2 that correspond with the 


locations of buildings from the late 1940s to early 1950s that were later demolished. 


Based on these observations, the nature and location of the observed debris (with the 


exception of the charred wood) in Area 2 is consistent with building materials from in-


place demolition.  
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Risk Assessment Results 


Based on the RESRAD-ONSITE risk modeling results using the Area 2 data, the 


estimated lifetime cancer risk for all of the evaluated receptors ranged from 9.28x10-5 to 


8.65x10-7 (Table 3), with the maximum calculated risk observed for the residential 


receptor. All of these calculated risks are either below the most stringent EPA and DTSC 


threshold of 10-6, or fall within the EPA risk management range of 10-4 to 10-6. As 


summarized in Table 3, the estimated cancer risks using the NSTI sitewide background 


average 226Ra concentration ranged from 1.42x10-4 for the residential receptor to 1.32x10-


6 for the construction worker. Therefore, the calculated lifetime cancer risks for all potential 


receptors from the Area 2 soil data are below what was calculated for exposure to average 


background concentrations at NSTI. 


In addition to the cancer risk estimates, dose modeling indicates a maximum total dose 


of 4.91 millirem per year (mrem/yr) for all of the evaluated receptors based on the Area 2 


soil data. The maximum total calculated dose using the sitewide average background 
226Ra concentration is 7.54 mrem/yr (Appendix B). Both model-estimated total dose 


values are below the EPA regulatory limit of 12 mrem/yr for unrestricted release. 


These combined cancer risk and dose modeling results indicate that the 226Ra 


concentrations at Area 2 do not pose a risk beyond what would be expected from 


exposure to background conditions for the site.  


Summary of Evaluations 


The investigation completed within Area 2 included: 1) an evaluation of historical site use, 


2) a comprehensive field investigation that included a 100% gamma scan covering all 


accessible areas and radiological analysis of 208 soil samples collected from 104 


locations (consistent with MARSSIM Class 2 survey requirements), and 3) a radiological 


risk evaluation for all potential current and future site receptors.  


The results of the investigations and risk assessment support the conclusion that 


historical Navy operations or activities have not resulted in radioactivity levels 


distinguishable from background at the site. As such, no further investigation for potential 


radiological concerns at Area 2 is warranted.  


5.3 Summary of Risk Assessment Results 


The following subsections provide a brief summary of the overall risk assessment results 


for all of the 1400 Series Housing Area. 
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5.3.1 Cancer Risk Estimates 


As described in Sections 5.1 through 5.2 above, the maximum lifetime cancer risk 


calculated from the 226Ra results for 342 soil samples collected from within the footprints 


of Area 1 and 2 at the 1400 Series Housing Area is 9.90x10-5 (Table 3). Similar modeling 


using the NSTI site-wide background concentration of 226Ra estimates a cancer risk of 


1.42x10-4. Both of these values reflect an estimated risk on the order of 1 in 10,000 (10-


4), or lower, which falls within the EPA and DTSC risk management range of 10-4 to 10-6. 


However, it should be emphasized that the maximum calculated cancer risk (1.42x10-4) 


was derived from background soil concentrations at NSTI; the calculated risk from the 


soil at the 1400 Series Housing Area is actually lower than what would be expected due 


to exposures to background levels at the site.  


5.3.2 Dose Estimates 


Similarly, the maximum total dose calculated from the 226Ra results for 342 soil samples 


collected from within the Area 1 and Area 2 footprints at the 1400 Series Housing Area is 


5.24 mrem/yr, and 4.91 mrem/yr (Table 4). Although these estimates are below the EPA 


regulatory limit for unrestricted release of 12 mrem/yr, it should also be emphasized that 


the maximum total estimated dose (7.54 mrem/yr) was derived from background soil 


concentrations at NSTI; the total estimated dose from the soil at Areas 1 and 2 of the 


1400 Series Housing Area is actually lower than what would be expected due to 


exposures to background levels at the site.  


By comparison, Americans on average receive a radiation dose of about 620 mrem/yr 


from natural background radiation (radon in the air, cosmic rays) and from man-made 


sources such as medical procedures1. Foods naturally contain small amounts of 


potassium-40 (40K) and 226Ra (e.g., carrots, bananas, red meat) and contribute to a dose 


of about 30 mrem/yr. Common medical procedures such as chest and dental x-ray exams 


can expose an individual to approximately 10 and 2 mrem/yr, respectively, as well. In 


general, a yearly dose of 620 millirem from all radiation sources has not been shown to 


cause humans any harm (NRC, 2021). 


5.3.3 Limitations of Modeling 


The estimated lifetime cancer risks and total dose results are based on conservative 


modeling assumptions2. In particular, the RESRAD-ONSITE model calculates both risk 


 
 
 
1 Data and statistics derived from United States Nuclear Regulatory Commission website: https://www.nrc.gov/about-


nrc/radiation/around-us/doses-daily-lives.html 
2 Cancer risk values represent number of cases based on RESRAD modeling results using conservative assumption that 1,000,000 


individuals exposed for 24-hours a day for 350 days a year, for 25 years.  
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and dose estimated using site-specific input parameters that often cannot be known with 


a high degree of certainty. Therefore, conservative assumptions are used to ensure the 


model results provide an additional measure of protectiveness to the risk decision 


process. 


For example, modeling assumptions regarding exposure duration follow the most 


conservative EPA guidelines for each receptor though they may not necessarily reflect 


the actual exposure for any given individual. Conservative inputs were also used for other 


inputs such as soil types where sufficient site-specific data are not available. As a result, 


the model risk and dose results for the Area 1 and Area 2 data likely overestimate the 


actual risk from exposure.  
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6.0 Conclusions and Recommendations 


The level of investigation conducted at Areas 1 and 2 of the 1400 Series Housing Area is 


sufficient, when considered in conjunction with other lines of evidence, to support a 


determination as to whether additional investigation or evaluation of these areas is 


necessary. Based on the results of the review and evaluations conducted for this SI, NFA 


is recommended for potential radiological concerns within Areas 1 and 2 of the 1400 


Series Housing Area. This conclusion is supported by the lines of evidence outlined 


below.  


6.1 Area 1 – Northern Housing Area 


1. Review of historical records did not identify evidence of waste or rubbish 


disposal areas associated with historical Navy operations within the Area 1 


footprint. The nature and location of debris observed in the exploratory trenches 


and soil borings within Area 1 is consistent with construction/demolition debris 


generated during demolition of Buildings 194 and 267 prior to development of 


the area and is different in nature from the industrial materials recovered from 


the SWDAs. 


2. Soil from the SWDAs was not used during the grading and site preparation 


activities for Area 1, based on the following: 


a. Known SWDAs at IR Site 12 were utilized, closed, and covered before 


construction of the 1400 Series Housing Area in 1988, precluding the 


use of soil from the SWDAs during the site grading and preparation 


activities. 


b. Review of historical grading records during the development of the CSM 


for the HRASTM indicates that limited or no net import of fill (generally 


less than 2 feet) was used during the development of Area 1. 


3. The 2013-2014 scoping survey and 2017 follow-up investigation within Area 1 


did not identify elevated radioactivity, and no LLROs were encountered. 


Radiological sampling of Area 1 in 2013 did not identify 226Ra concentrations in 


soil above background levels. 


4. Risk evaluation results for Area 1 indicate a maximum lifetime cancer risk of 


9.90x10-5 (residential receptor), which is within the EPA risk management 


range of 10-4 to 10-6. By comparison, the calculated risks from the soil data 


were below what was estimated for all four receptor scenarios using the NSTI 


average background concentration for 226Ra at NSTI. Furthermore, the 


maximum total calculated dose for all receptor scenarios at Area 1 is 5.24 


mrem/yr, which is lower than the maximum total dose of 7.54 mrem/yr 
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calculated using the NTSI background concentration. As such, the risks 


calculated from the Area 1 data are lower than or consistent with what can be 


expected from exposure to background levels of 226Ra in soil at Treasure 


Island.  


6.2 Area 2 – Southern Housing Area 


1. Review of historical records did not identify evidence of waste or rubbish 


disposal areas associated with historical Navy operations within the Area 2 


footprint. The nature and location of debris observed in the exploratory trenches 


and soil borings within Area 2 is consistent with construction/demolition debris 


generated during demolition of Buildings 155, 160, 161 and 166 prior to 


development of the area and is different in nature from the industrial materials 


recovered from the SWDAs. 


2. Soil from the SWDAs was not used during the grading and site preparation 


activities for Area 2, based on the following: 


a. Known SWDAs at IR Site 12 were utilized, closed, and covered before 


construction of the 1400 Series Housing Area in 1988, precluding the 


use of soil from the SWDAs during the site grading and preparation 


activities. 


b. Review of historical grading records during the development of the CSM 


for the HRASTM indicates that limited or no net import of fill (generally 


less than 2 feet) was used during the development of Area 2. 


3. The 2013-2014 scoping survey and 2017 follow-up investigation within Area 2 


did not identify elevated radioactivity, and no LLROs were encountered. 


Radiological sampling of Area 2 in 2013 did not identify 226Ra concentrations in 


soil above background levels. 


Risk evaluation results for Area 2 indicate a maximum lifetime cancer risk of 9.28x10-5 


(residential receptor), which is within the EPA risk management range of 10-4 to 10-6. By 


comparison, the calculated risks from the soil data were below what was estimated for all 


four receptor scenarios using the NSTI average background concentration for 226Ra at 


NSTI. Furthermore, the maximum total calculated dose for all receptor scenarios at Area 


2 is 4.91 mrem/yr, which is lower than the maximum total dose of 7.54 mrem/yr calculated 


using the NTSI background concentration. As such, the risks calculated from the Area 2 


data are lower than or consistent with what can be expected from exposure to background 


levels of 226Ra in soil at Treasure Island. 
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Figure 7a


FORMER NAVAL STATION TREASURE ISLAND
SAN FRANCISCO, CALIFORNIA 


HISTORICAL AERIAL PHOTOS
(1946 TO 1974)


X
:\G


IS
_


C
A


D
_


G
IN


T
\F


ig
u


re
s
\T


re
a


s
u


re
 Is


la
n


d
\IR


P
 S


ite
 1


2
\1


4
0


0
 S


e
rie


s
\0


7
a
 A


e
ria


ls
 O


v
e


r T
im


e
.m


x
d


166


155


156


161


160


224


194


267


166


155


156


161


160


224


194


267


166


155


156


161


160


224


194


267


1946 1955


19741969


¯
0 300 600150


Feet


1 inch = Approximately 300 feet


LEGEND
1400 Series Housing Areas 1 and 2


1100 Housing Series Area


1300 Housing Series Area


Likely Laydown and Storage Area
for Construction of 1100 Housing 
Series Area


Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Figures 


DCN: NRS-4802-0000-0022







166


155


156


161


160


224


194


267


Figure 7b


FORMER NAVAL STATION TREASURE ISLAND
SAN FRANCISCO, CALIFORNIA 


HISTORICAL AERIAL PHOTOS
(1980 TO 1993)
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Tables  







TABLE 1
SUMMARY OF PREVIOUS INVESTIGATIONS EVALUATED FOR RADIOLOGICAL SITE INVESTIGATION


Exploratory Trenching in Site 12 
Housing Areas 2003-2004 N/A


Excavated 581 Exploration Trenches in 
Housing Areas to Evaluate Potential Extent of 


Debris Outside SWDAs


Visual Observations for Debris
Soil Sampling Data (for chemical 


consituents only)
Radilogical Screening/Exposure Rates for 


Health and Safety Only 


Final Data Summary Report Site 12 Housing Area, Sitewide 
Investigation, Treasure Island, San Francisco, CA  (Shaw 
2004)


Historical Radiological Assessment 
(HRA) 2006 N/A Reviewed Historical Use Information to Identify 


Radiologically Impacted Sites at NAVSTA TI


Historical Information Regarding Historical 
Use, Storage, and Disposal of Radiological 


Materials at IR Site 12 


Final Treasure Island Naval Station Historical Radiological 
Assessment, Former Naval Station Treasure Island, San 
Francisco, California (Weston 2006)


Historical Radiological Assessment - 
Supplemental Technical 


Memorandum (HRASTM)
2014 N/A


Updated Identification/Classification of 
Radiologically Impacted Sites at NAVSTA TI by 


Review of Additional Data and Information 
Obtained Following 2006 HRA  


Updated Information Regarding Historical 
Use, Storage, and Disposal of Radiological 


Materials at IR Site 12 


Final Historical Radiological Assessment – Supplemental 
Technical Memorandum, Former Naval Station Treasure 
Island, San Francisco, California (TriEco-Tt 2014)


Scoping Survey of IR Site 12 and 
Selected Transportation Routes 2013-2014 Yes(1)


Conducted Scoping Survey of Accessible 
Open Space Areas Outside SWDAs in IR Site 


12. Included Survey of Selected Roadways 
Between IR Site 12 and IR Site 6


Gamma Scan, Static Gamma Meaurements, 
Exposure Rate Data, Soil Sampling Data


Final Radiological Scoping Survey Report, Installation 
Restoration Site 12 and Selected Transportation Routes, 
Former Naval Station Treasure Island, San Francisco, 
California (Gilbane 2015)


Radiological Sampling at 1400 
Series Housing Area 2014 Yes(2)


Conducted Extensive Systematic and Biased 
Soil Sampling for 226Ra in 1400 Series Housing 


Area
Soil Sampling Data


Final Completion Report, Radiological Sampling at the 1400 
Series Housing Area, Installation Restoration Site 12, 
Former Naval Station Treasure Island, San Francisco, 
California  (CB&I 2015a)


Third-Party Evaluation of RS-700 
Scoping Survey Data 2017 N/A


Performed Third-Party Statistical Evaluation of 
Gamma Scan Data Obtained During 2013-


2014 Scoping Survey


Statistical Evaluation of Scoping Survey 
Data


, p
700 Scoping Survey Data Collected by Gilbane, Installation 
Restoration Site 12, Former Naval Station Treasure Island, 
San Francisco, California  (APTIM 2017)


Follow-Up Investigation for Scoping 
Surveys of IR Site 12 and Selected 


Transportation Routes
2017 Yes(3)


Conducted Additional Investigation of 194 of 
196 Locations Identified in Third-Party 


Evaluation of Scoping Survey Data


Gamma Scan, Static Gamma 
Measurements, and Soil Sampling Data


Final, Revision 1 Technical Memorandum, Installation 
Restoration Site 12 Scoping Survey Follow Up Investigation, 
Former Naval Station Treasure Island, San Francisco, 
California  (APTIM 2020)


Notes:
1 ITSI Gilbane, 2013. Revised Final Task-Specific Plan for the Radiological Survey of Site 12 and Selected Transportation Routes, Naval Station Treasure Island, San Francisco, California.   August.
2 CB&I, 2013. Final Radiological Sampling Work Plan for the Installation Restoration Site 12 1400 Series Housing Area, Former Naval Station Treasure Island, San Francisco, California , November.
3 CB&I, 2016. Final Work Plan, Basewide Radiological Support, Former Naval Station Treasure Island, San Francisco, California. 
226Ra = radium-226


APTIM = Aptim Federal Services, LLC


CB&I = CB&I Federal Services, LLC


IR = Installation Restoration


LLRO = low-level radiological object


N/A = not applicable


NAVSTA TI = Naval Station Treasure Island


SWDA = Solid Waste Disposal Area


TriEco-Tt = TriEco-Tt, a Joint Venture of TriEco, LLC and Tetra Tech EM, Inc.


Weston = Weston Solutions, Inc.


 Agency 
Approved 
Plan for 


Work


Investigation/Assessment Investigation Scope Reference DocumentData/Information Evaluated in SIDates of 
Investigation
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TABLE 2
SUMMARY OF 226Ra CONCENTRATION STATISTICS BY SI AREA(1)


Average Standard Deviation Minimum Maximum


Area 1 134 0.483 0.118 0.215 0.792
Area 2 144 0.444 0.093 0.211 0.746


NSTI Background(3) 20 0.69 0.16 0.46 0.98
Notes:
(1)Data compiled from Tables 2 and 4 of the Final Completion Report, Radiological Sampling at the 1400 Series Housing Area, IR Site 12, Former Naval Station Treasure Island  (CB&I 2015).
(2) Statistics calculated using ProUCL v. 5.1 software
(3)Data obtained from Analysis of Gamma Survey and Radium-226 Soil Concentration Data at the Treasure Island Site-Wide Background Areas and the Area 7 Background Reference Area (Shaw, 2012).


NTSI - Naval Station Treasure Isand


pCi/g - picoCuries per gram
226Ra - radium-226


σ - standard deviation


Location


226Ra Concentration Statistics(1),(2)


(pCi/g)Number of Samples
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TABLE 3
SUMMARY OF ESTIMATED CANCER RISK RESULTS(1)


SI Area 1 SI Area 2 Background(3)


Resident 9.90E-05 9.28E-05 1.42E-04
Commercial/Industrial Worker 1.68E-05 1.57E-05 2.41E-05


Construction Worker 9.23E-07 8.65E-07 1.32E-06
Recreational User 7.92E-06 7.42E-06 1.14E-05


Notes:
(1) Estimated Excess Lifetime Cancer Risk and Dose calculated using RESRAD-ONSITE Version 7.2 Codes  (Argonne National Laboratory 2018).  
(2) Details regarding RESRAD modeling inputs and outputs provided in Appendix A
(3)Results of RESRAD modeling using average  Treasure Island sitewide 226Ra concentration of 0.69 picoCuries per gram


Potential Receptor/Exposure Scenario
Estimated Excess Lifetime Cancer Risk(1),(2)
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TABLE 4
SUMMARY OF ESTIMATED DOSE RESULTS(1)


SI Area 1 SI Area 2 Background(3)


Resident 5.24E+00 4.91E+00 7.54E+00
Commercial/Industrial Worker 8.90E-01 8.37E-01 1.28E+00


Construction Worker 1.24E+00 1.17E+00 1.79E+00
Recreational User 3.60E-01 3.37E-01 5.17E-01


Notes:
(1) Estimated Excess Lifetime Cancer Risk and Dose calculated using RESRAD-ONSITE Version 7.2 Codes  (Argonne National Laboratory 2018).  
(2) Details regarding RESRAD modeling inputs and outputs provided in Appendix A
(3)Results of RESRAD modeling using average  Treasure Island sitewide 226Ra concentration of 0.69 picoCuries per gram


Potential Receptor/Exposure Scenario
Estimated Total Dose(1),(2)
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April 23, 2012 


To: Christine Donahue, Project Radiation Safety Officer  


From: Steve Adams, Certified Health Physicist 


Subject: Analysis of Gamma Survey and Radium-226 Soil Concentration Data at the Treasure 
Island Site-Wide Background Areas and the Area 7 Background Reference Area  


cc: John Hamm, Manager, Radiological Controls 
Laura Tryboski, Radiological Engineer 
William Bishop, Supervisor, Radiological Control Technicians 


 
 
This memorandum provides a summary of the analysis of radium-226 (226Ra) concentration in 
soil samples collected from 20 Treasure Island (TI) site-wide background areas. Additionally, 
the gamma walkover survey (GWS), static surveys and soil sample results collected from one of 
the 20 areas, Area 7, was evaluated to: 
 


 Determine if Area 7 is an appropriate background reference area for defining 
investigation levels (IL) for GWS and static gamma surveys  


 Determine if the naturally-occurring radionuclide background concentration in soil at 
Area 7 aligns with the  naturally-occurring radionuclide distributions in non-contaminated 
soils at 20 other locations at Treasure Island 
 


Section 1 of this memorandum addresses the 226Ra concentration in soil samples collected from 
20 Treasure Island (TI) Site Wide background areas and the associated gamma static survey 
count rate data. Section 2 of this memorandum documents the analysis of GWS and gamma 
static survey count rate data and 226Ra concentration in soil samples collected from Area 7, a 
proposed background reference area for use to obtain instrument-specific investigation levels 
(IL). Comparisons and conclusions are presented in Section 3. 
 
Attachment 1 and Addendum provide descriptive statistical analysis, distribution function 
analysis, boxplots, histograms with normal distribution curves, and normal probability plots of 
the static and GWS count rates and 226Ra concentration data for the Treasure Island Site Wide 
static survey count rate and 226Ra concentration data and the Area 7 GWS and static survey 
count rates and 226Ra concentration data. 
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1.0 SITE-WIDE (20 SAMPLE) SOIL REFERENCE BACKGROUND 


1.1 Soil Sample Data Analysis 


Twenty (20) surface soil samples were collected from the selected randomly chosen TI Site-
Wide background locations.  
 
Following collection, the samples were shipped for analysis to Test America, located in Earth 
City, Missouri, for 226Ra by gamma spectroscopy using an analytical method based on the 
Environmental Measurements Laboratory Procedures Manual, Procedure GA-01-R MOD (U.S. 
Department of Energy, 1997).  
 
The 226Ra concentration in the 20 soil samples are listed in Attachment 1, Table 1 and their 
locations are shown in schematic titled Attachment 1, Map1. 
 
The distribution of the 226Ra concentration in the TI site-wide background areas has an excellent 
fit to a normal distribution and the data is within the range of concentrations for undisturbed 
background locations in San Francisco (McArthur and Miller, 1989 and Smith et. al, 2005). The 
mean 226Ra concentration (0.69 pCi/g) can be used as the reference background data set for 
remediation activities. 
 
Analysis of the TI site-wide background area data results in the following conclusions. 
 


 Mean 226Ra concentration (pCi/g) = 0.688 (0.69) 


 Standard deviation 226Ra concentration (pCi/g) = 0.161 
 


1.2 Analysis of TI Site-Wide Static Survey Count Rate Data 


Static surveys were performed at 20 TI site-wide background areas in March, 2012. The static 
survey used the Ludlum Model 44-20 3-inch by 3-inch sodium iodide (NaI) detector probe 
#PR295572, Ludlum Model 2350-1 data logger # 246980A, and a Trimble Geo XH global 
positioning system (GPS) unit. Each static survey measurement represents a one-minute count 
and is taken 4 inches above the ground surface. The static survey measurements at the soil 
sample locations were performed to: 
 


 Determine if the distribution of count rate data fits a Normal distribution 
 Identify locations where the count rate distribution compares favorably with TI survey 


unit locations that have not been radiologically contaminated and with stockpiled soil that 
is certified radiologically clean 


 Identify areas that can be used to establish background reference area investigation 
levels (IL) for static and GWS  
 


Details of the analysis of the 20 soil samples taken from random locations known not to be 
radiologically impacted are provided in Attachment 1 to this memorandum. The results of the 
analysis demonstrate the following: 
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 Pearson correlation is 0.471 between the 226Ra soil concentrations and the static survey 


count rate  
 Pearson correlation is 0.806 between the actinium-228 soil concentrations and the static 


survey count rate 
 Pearson correlation is 0.058 between the potassium-40 soil concentrations and the static 


survey count rate 
 
Correlations that exceed 0.5 is considered strong, correlations between 0.3 and 0.5 are 
considered moderate and correlations less than 0.3 are considered weak and essentially 
random (Cohen, 2003). The only strong correlation is between the actinium-228 concentration 
and the static survey count rate. Based on this analysis correlation between the actinium-228 
concentration and the static survey count rate is approximately 71 percent higher than the 
relationship between the 226Ra concentration and the static survey count rate. 
 
Following analysis, it has been determined that one elevated count rate (25,800 cpm) 
measurement at Location 14 did not represent natural background levels seen at the other 19 
locations. Including the Location 14 static survey count rate data results in the following 
conclusions: 
 


 Distribution of the count rate data does not fit a normal distribution 
 IL based on the static survey results (24,464 cpm) is high in comparison to the maximum 


static survey count rates of non-contaminated surface soil at TI 
 Count rate data is highly skewed with high kurtosis coefficient in comparison to static 


surveys of non-contaminated sites at TI 
 


However, deleting the results obtained from this one location (14) resulted in a static survey 
count rate distribution that could be used to define an IL for site remediation. The skewness and 
kurtosis for TI site-wide background area drops from 2.30 to 0.63 and 7.02 to 0.137, 
respectively for the modified count rate data. The fit to a normal distribution is excellent (R = 
0.9676 and P-Value >0.100) for the modified static survey data. 
 
Additionally, it is likely that relatively high static survey count rate at Location 14 is due to the 
higher concentration of naturally-occurring gamma emitting thorium-232 decay products in the 
soil rather than high concentrations of 226Ra. Following this analysis, a single area from the 20 
site-wide locations has been selected for determining instrument-specific ILs – Area 7.  
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2.0 AREA 7 BACKGROUND REFERENCE AREA 


2.1 Analysis of Area 7 Gamma Walkover Survey (GWS) Data  


The GWS count rate distribution should be symmetrical and normally distributed for an 
undisturbed background location having only naturally-occurring radionuclides. MARSSIM 
states that the: 
 


 Minimum count rate should be three to four standard deviations less than the mean 
count rate  


 Difference between the mean and median count rates should only be a small fraction of 
the standard deviation  


 Maximum count rate for a large data set (<1,000 measurements) should be four to five 
standard deviations greater than the mean  
 


Map 2 of Attachment 1 displays a schematic of the GWS count rate laid over an aerial 
photograph of Area 7. The green dots (area) in the figure represents count rates that are less 
than the mean count rate plus three standard deviations of the mean count rate which equals 
19,465 counts per minute (cpm). If the distribution of the GWS count rates are normally 
distributed then 0.3 percent of the measurements should exceed 19,465 cpm. In a normal 
distribution 99.7 percent of the GWS measurements should be less than the mean plus three 
standard deviations of the mean (Walpole and Myers, 1972). The GWS consists of 6,543 
measurements; 0.3 percent of 6,543 is 20 measurements. Only 13 of the GWS measurements 
are equal to or exceed 19,465 cpm. These measurements are illustrated by the yellow dots in 
Attachment 1, Map 2.   
 
Attachment 1 also provides the descriptive statistical analysis, distribution function analysis, 
boxplots, histograms with a normal distribution curve, and normal probability plots of the Area 7 
GWS count rates. 
 
Analysis of the Area 7 GWS count rate data results in the following conclusions: 
 


 The GWS IL is 19,465 cpm 


 Distribution of the count rate data has an excellent fit to an ideal Normal distribution  
 Thirteen (13) measurements exceeded the IL, for an ideal Normal distribution the value 


is 20 
 One additional GWS survey location, in addition to the 13 locations exceeding the IL, is 


identified where biased static survey measurements are recommended. 
 The 14 GWS survey locations where biased static survey measurements are 


recommended are listed in Table 2 
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2.2 Analysis of Area 7 Static Gamma Survey Measurements 


The static gamma survey was performed at Area 7 surface soil on March 13, 2012, and results 
are shown on Attachment 1 Map 3. The static survey used the Ludlum Model 44-20 3-inch by 3-
inch NaI detector #PR295571, Ludlum Model 2221 ratemeter/scaler # 262337A, and a Trimble 
Geo XH GPS unit. The detector, ratemeter/scaler, and GPS are all mounted on a cart that 
maintains the detector window at a constant 4 inches above the ground surface. Each static 
survey measurement represents a one-minute count. The static survey measurement locations 
were defined by selecting a random start point and applying the methodology in Section 5.5.2.4 
of MARSSIM (NRC et. al., 2001).  
 
The static survey of the Area 7 potential background reference area was performed to: 
 


 Define the static survey IL 
 Determine if the distribution of count rate data fits a Normal distribution 
 Define locations where the count rate distribution is highly skewed, greater than four 


standard deviations above or below static survey measurement taken in the immediate 
vicinity 


 Compare the static survey count rate distribution with GWS count rates of Area 7 
 
Attachment 1 provides the descriptive statistical analysis, distribution function analysis, boxplot 
of the count rate data, histogram with a normal distribution curve, and normal probability plot of 
the Area 7 static survey count rate data.  
 
Analysis of the Area 7 static survey count rate data results in the following conclusions: 
 


 The static gamma survey IL is 19,165 cpm 


 Distribution of the count rate data does not fit a normal distribution at the 95 percent 
confidence level but it does fit a normal distribution at the 96.4 percent confidence level 
(α >0.36) 


 The static survey IL is less than 1.6 percent different from the GWS IL and differs by only 
0.203 standard deviations 


 The static gamma survey IL and GWS IL correlate well 
 
2.3 Area 7 Gamma Spectroscopy of Soil Samples 


Twenty (20) surface soil samples were collected from Area 7. Sample locations were defined 
using a random starting point and a triangular grid system based on the guidance in Section 
5.5.2.2 of the MARSSIM (NRC et al., 2000). The 20 soil sample locations are the same 
locations as the static survey measurement locations. 
 
Following collection, the samples were shipped for analysis to Test America, located in Earth 
City, Missouri, for 226Ra by gamma spectroscopy using an analytical method based procedure 
GA-01-R MOD (U.S. Department of Energy, 1997). Test America is a U.S. Department of 
Defense Environmental Laboratory Accreditation Program certified off-site laboratory. The 226Ra 
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concentration in the 22 soil samples (20 samples, 2 duplicates) are listed in Attachment 1 Table 
3 and their locations are shown in schematic Attachment 1, Map 3. 
 
The distribution of the 226Ra concentration in the Area 7 proposed reference background area 
fits a normal distribution and the data is within the range of concentrations for undisturbed 
background locations in San Francisco (McArthur and Miller, 1989 and Smith et. al, 2005).  
 
The 226Ra concentration data supports the use of Area 7 to obtain reference background area 
instrument-specific ILs for remediation activities at current work sites (Site 31/33 and B233). 
 


3.0 COMPARISON OF SITE-WIDE AND AREA 7 DATA 


3.1 Statics 


The distribution of the static survey count rate at Area 7 is narrower and has a higher mean and 
median count rate in comparison to the Site-Wide count rate distribution. Analysis of variance 
(ANOVA) and the Mann-Whitney tests demonstrate at the 95 percent confidence level that the 
mean and median static survey count rates at Area are significantly higher than the Site-Wide 
static survey count rates. 
 
3.2 Soil 


Based on the results of the ANOVA and Mann-Whitney tests the 226Ra concentrations in the 
Area 7 and Site-Wide soil samples are equal at the 95 percent confidence level..  
 
3.3 Conclusions 


The Area 7 static survey results should be used to define the static survey IL (19,165 cpm) at 
Sites 31 and 33. 
 
The Area 7 GWS survey count rates should be used to define the GWS IL (19,465 cpm) for the 
GWS at Sites 31 and 33. 
 
The mean 226Ra soil concentration in the Site-Wide background areas, 0.69 pCi/g, is 
recommended as the background soil concentration to be used for defining the release criterion. 
________________________________ 


 


Attachment: 


1. Data Analysis of Gamma Static Surveys Count Rates, Gamma Walk Over Survey Count 
Rates, and Radium-226 Soil Concentrations for the Treasure Island Site Wide 
Background Reference Areas and Area 7 
 
Addendum 1, Data Analysis of Radium-226 Soil Concentrations in Soil Samples 


Collected from the Area 7 Proposed Background Reference Area (21-Day Ingrowth) 
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A1‐19 
 


• If the 25,800 cpm measurement is excluded the static count rate data has an excellent fit 


to a normal distribution and the skewness coefficient (0.63) and the kurtosis coefficient 


(0.137) agree with static survey data acquired at non-impacted, undisturbed background 


location in the San Francisco area 


• Based on the Site-Wide static survey the IL would be 24,464cpm. This value is 


unacceptably high for Sites 31 and 33 


• Deleting the 25,800 cpm measurement the IL would be 20,304 cpm which is a 


reasonable value for Sites 31 and 33 


 


2.0 AREA 7 BACKGROUND REFERANCE AREA 


2.1 Analysis of Area 7 Gamma Walkover Survey (GWS) Data  


A GWS was conducted at Area 7 on March 19, 2012. A Ludlum Model 2221 ratemeter/scaler 


#262337A and Ludlum Model 44-20 3-inch by 3-inch sodium iodide detector #29557 were used. 


The GWS count rate distribution of a non-impacted, undisturbed, background location should be 


symmetrical and normally distributed. MARSSIM states that such a survey should have the 


following characteristics (NRC et. al., 2001)    


 


• Minimum count rate should be three to four standard deviations less than the mean 


count rate  


• Difference between the mean and median count rates should only be a small fraction of 


the standard deviation  


• Maximum count rate for a large data set (>1,000 measurements) should be four to five 


standard deviations greater than the mean  


 


Map 2 displays a schematic of the GWS count rate laid over an aerial photograph of Area 7. 


The green dots in the figure represents count rated that are less than or equal to the mean 


count rate plus three standard deviations of the mean count rate which equals 19,465 counts 


per minute (cpm). If the distribution of the GWS count rates are normally distributed then 


0.3 percent of the measurements should exceed 19,465 cpm. In a normal distribution 


99.7 percent of the GWS measurements should be less than the mean plus three standard 


deviations of the mean (Walpole and Myers, 1972). The GWS consists of 6,543 measurements; 


0.3 percent of 6,543 is 20 measurements. Only 13 of the GWS measurements exceed 


19,465 cpm. These measurements are the yellow dots in Attachment 1.  


 


The descriptive statistical analysis of the Area 7 count rate data is listed below and lists the 


following attributes of the GWS.  


 


• Number of measurements = 6,543    


• Mean count rate = 16,423  


• Median count rate = 16,405   


• Trimmed mean = 16,417  


• Standard deviation = 1,014   


• Standard error of the mean = 13   
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Attachment 1   Addendum 


Data Analysis of Radium-226 Soil Concentrations in 
Soil Samples Collected from the Area 7 Proposed 
Background Reference Area – 21-Day Ingrowth 
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The gamma spectroscopy method used to analyze soil samples requires that the soil sample be 
stored in a gas-tight container for 21-days to ensure that the radon-222 gas (first 226Ra decay 
product) decays long enough to ensure all of the decay product concentrations are in 
equilibrium with the 226Ra.This Addendum to Attachment 1 provides a summary of the analysis 
226Ra concentration in soil samples collected from one of the 20 proposed background reference 
areas, Area 7 after 21-days of radioactive decay ingrowth and replaces Section 2.3 of 
Attachment 1.  The 226Ra concentration data was evaluated to: 


 Determine if the 21-day ingrowth in the Area 7 soil samples results in significant change 
in the 226Ra concentration data in comparison to the 9-day ingrowth 
 


 Determine if the background 226Ra soil concentrations at Area 7 aligns with the 226Ra 
concentrations in non-contaminated soils at 20 other background locations at Treasure 
Island 


This Addendum includes a descriptive statistical analysis, distribution function analysis, boxplot, 
histogram with normal distribution curves, and normal probability plot of the 226Ra concentration 
data for the Area 7 soil samples.  


2.3 AREA 7 RADIUM-226 CONCENTRATION DATA ANALYSIS 


Twenty surface soil samples (and two additional duplicate samples) were collected from Area 7. 
Sample locations were defined using a random starting point and a triangular grid system using 
the guidance in Section 5.5.2.2 of the MARSSIM (NRC et al., 2000). The soil samples were 
collected from the same Area 7 locations where the static survey measurements were 
conducted and are shown on Attachment 1, Map 3.   
 
Following collection, the samples were shipped for analysis to Test America, located in Earth 
City, Missouri, for 226Ra by gamma spectroscopy using an analytical method based on the 
Environmental Measurements Laboratory Procedures Manual, Procedure GA-01-R MOD (U.S. 
Department of Energy, 1997). Test America is a U.S. Department of Defense Environmental 
Laboratory Accreditation Program certified off-site laboratory. The 226Ra concentration in the soil 
samples are listed in Table 1, below. 
 
2.3.1 Descriptive Statistics 
 
The descriptive statistics for the 226Ra concentration in the soil samples collected from Area 7 
after 21-days of ingrowth are listed below. 
 


 Mean 226Ra concentration (pCi/g) = 0.562 
 Median 226Ra concentration (pCi/g) = 0.570 
 Trimmed mean 226Ra concentration (pCi/g) = 0.563 
 Standard deviation 226Ra concentration (pCi/g) = 0.103 
 Standard error of the mean 226Ra concentration (pCi/g) = 0.0219 
 Minimum 226Ra concentration (pCi/g) = 0.380 
 Maximum 226Ra concentration (pCi/g) = 0.730 
 First quantile 226Ra concentration (pCi/g) = 0.480 
 Third quantile 226Ra concentration (pCi/g) = 0.635 
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Table 1 
Radium-226 Concentration in Soil Samples Collected from Area 7 Proposed Background 
Reference Area after 21-Days of Ingrowth 
 


Sample No. Ra-226 (pCi/g) MDC (pCi/g 


TIBKGRD-LOCATION7-150-032012 0.73 0.09 
TIBKGRD-LOCATION7-151-032012 0.48 0.15 
TIBKGRD-LOCATION7-152-032012 0.56 0.12 
TIBKGRD-LOCATION7-153-032012 0.42 0.10 
TIBKGRD-LOCATION7-154-032012 0.63 0.11 
TIBKGRD-LOCATION7-155-032012 0.62 0.15 
TIBKGRD-LOCATION7-156-032012 0.69 0.14 
TIBKGRD-LOCATION7-157-032012 0.65 0.08 
TIBKGRD-LOCATION7-158-032012 0.54 0.12 
TIBKGRD-LOCATION7-159-032012 0.52 0.12 
TIBKGRD-LOCATION7-160-032012 0.48 0.12 
TIBKGRD-LOCATION7-161-032012 0.59 0.16 
TIBKGRD-LOCATION7-162-032012 0.38 0.11 
TIBKGRD-LOCATION7-163-032012 0.58 0.09 
TIBKGRD-LOCATION7-164-032012 0.61 0.17 
TIBKGRD-LOCATION7-165-032012 0.60 0.18 
TIBKGRD-LOCATION7-166-032012 0.71 0.18 
TIBKGRD-LOCATION7-167-032012 0.50 0.1 
TIBKGRD-LOCATION7-168-032012 0.48 0.12 
TIBKGRD-LOCATION7-169-032012 0.45 0.1 
TIBKGRD-LOCATION7-170-032012 0.43 0.19 
TIBKGRD-LOCATION7-171-032012 0.72 0.11 


 
Notes 
MDC denotes minimum detectable concentration  
pCi/g denotes picocuries per gram 
TIBGRD-LOCATION7-150-032012 and TIBGRD-LOCATION7-170-032012 are duplicate soil samples. The 226Ra 
concentrations in these two samples were not used in calculating descriptive statistics 
 
The 226Ra concentrations in the Area 7 soil samples are consistent with but at the low end of the 
range of 226Ra concentration for surface soil samples collected from non-impacted, undisturbed, 
background locations in San Francisco (McArthur and Miller, 1989). The 226Ra concentrations in 
that study ranged from a minimum of 0.52 pCi/g to a maximum of 0.83 pCi/g with a mean 
concentration of 0.67 pCi/g. 
 
An analysis of the 226Ra concentration distribution was performed to compare the distribution to 
typical values for the 226Ra concentrations in soil samples collected in non-impacted, 
undisturbed, background locations in San Francisco. The minimum 226Ra concentration is 1.82 
standard deviations less than the mean 226Ra concentration. For non-impacted, undisturbed, 
background locations the minimum concentration is typically three standard deviations less than 
the mean 226Ra concentration when the data set has less than 100 measurements. The 
maximum 226Ra concentration is 1.67 standard deviations greater than the mean 226Ra 
concentration. For non-impacted undisturbed background areas the maximum 226Ra 
concentration is typically three to four standard deviations greater than the mean 226Ra 
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concentration for data sets with less than 100 samples. The difference between the mean and 
the median 226Ra concentration is 0.08 standard deviations. For non-impacted, undisturbed, 
background locations the difference between the mean and medium 226Ra concentration is 
typically less than 0.1 standard deviations. Based on this initial analysis the distribution of the 
226Ra concentrations in soil samples collected from Area 7 are not significantly different from the 
226Ra concentration in surface soil samples collected from non-impacted, undisturbed, 
background locations in San Francisco. 
 
2.3.2 Distribution Function Analysis 
 
The results of a distribution function analysis of the 226Ra concentration in the Area 7 soil 
samples are included below. The analysis lists the percentile estimates for the 226Ra 
concentrations from one percentile to the 99th percentile. The approximate 95 percent lower and 
upper confidence level count rate for each percentile are listed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 


Distribution Function Analysis 
Normal Distribution Parameter Estimates 


Variable: Ra-226 concentration (pCi/g) in Area 7 Soil Samples (21-day) 


Mean = 0.562273 


Standard Deviation = 0.100360 


Goodness of Fit 


Anderson-Darling (adjusted) = 0.721 


  


Percentile Estimates 


 


                     95% CI       95% CI      


                     Approximate  Approximate 


Percent  Percentile  Lower Limit  Upper Limit 


                                              


 1       0.328801    0.248069     0.409533    


 2       0.356159    0.282215     0.430103    


 3       0.373516    0.303736     0.443297    


 4       0.386574    0.319837     0.453311    


 5       0.397195    0.332869     0.461521    


 6       0.406236    0.343911     0.468561    


 7       0.414163    0.353550     0.474775    


 8       0.421260    0.362143     0.480376    


 9       0.427715    0.369927     0.485503    


10       0.433656    0.377062     0.490251    


20       0.477808    0.429006     0.526609    


30       0.509644    0.464917     0.554371    


40       0.536847    0.494242     0.579451    


50       0.562273    0.520336     0.604210    


60       0.587699    0.545094     0.630303    


70       0.614902    0.570174     0.659629    


80       0.646738    0.597936     0.695539    


90       0.690889    0.634295     0.747484    


91       0.696831    0.639043     0.754619    


92       0.703286    0.644169     0.762402    


93       0.710383    0.649770     0.770996    


94       0.718310    0.655985     0.780635    


95       0.727350    0.663024     0.791676    


96       0.737971    0.671234     0.804709    


97       0.751029    0.681248     0.820809    


98       0.768387    0.694443     0.842331    


99       0.795745    0.715013     0.876477    


 


Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix A 


Page 55 of 60 DCN: NRS-4802-0000-0022







5 
 


 
2.3.3 Boxplot 
 
Figure 1 is a boxplot of the 226Ra concentration data for soil samples collected from Area 7. The 
boxplot gives a picture of the extent of the dataset plus some of its distributional features. The 
left edge of the box represents the 1st quartile, the line through the box is the median, and the 
right edge of the box represents the 3rd quartile. The “whisker” extending to the left toward the 
lowest concentrations whiles the whisker extending to the right to the highest concentration. The 
lower limit for the 226Ra concentration is 0.248 pCi/g and is calculated using Equation (1) in 
Attachment 1 and the upper limit is 0.868 pCi/g and is calculated using Equation (2) of 
Attachment 1. There are no Area 7 soil samples with 226Ra concentration outliers that exceed 
the upper limit or are less than the lower limit. The median is skewed to the right implying the 
data is skewed toward higher concentrations of 226Ra. The skewness of the distribution is 
addressed in the following subsection. 
 


                  


0.4 0.5 0.6 0.7


pCi/g


Fig. 1 Boxplot of Radium-226 Concentration in Soil Samples Collected from Area 7


 
 
 
2.3.4 Skewness 
 
The skewness coefficient for the Area 7 226Ra concentration data is calculated using Equation 
(3) of Attachment 1. The skewness coefficient is zero for an ideal normal distribution. The 
skewness coefficient is typically in the range of 0.2 to 0.5 for 226Ra in soil samples collected from 
non-impacted, undisturbed, background locations. The skewness coefficient is 0.03 for the 226Ra 
concentration in the soil samples collected from Area 7. 
 
2.3.5 Histogram with Normal Distribution Curve 
 
Figure 2 is a histogram of the 226Ra concentrations in soil samples collected from Area 7 and a 
normal curve. The histogram indicates there are relatively more measurements in the peak and 
on the high count rate side of the peak but overall the concentration distribution is flat in 
comparison to an ideal normal distribution. The “peakedness” in a distribution is quantified by 
calculating the kurtosis. Kurtosis is addressed in Section 2.3.6 
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2.3.6 Kurtosis 
 
Kurtosis characterizes the relative peakedness or flatness of a distribution compared with an 
ideal normal distribution. Positive kurtosis indicates a relatively peaked distribution. Negative 
kurtosis indicates a relatively flat distribution. The kurtosis coefficient is calculated using 
equation 4. The kurtosis coefficient is zero for an ideal normal distribution. The kurtosis 
coefficient is typically in the range of 0.1 to 0.3 for the concentration of naturally occurring 
radionuclides in non-impacted, undisturbed, background locations. The kurtosis coefficient for 
the 226Ra concentration data is -0.98 implying the distribution is flatter in comparison to an ideal 
normal distribution.  
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Fig. 2 Histogram of Radium-226 Concentration in Area 7 Soil Samples, w ith Normal Curve


 
 
2.3.7 Normal Probability Plot 
 
Figure 3 is a normal probability plot of the 226Ra concentration in soil samples collected from 
Area 7. The normal probability plot indicates an excellent fit to a normal distribution. Two 
statistical tests were used to test the 226Ra concentration data for normality; the Ryan-Joiner and 
the Anderson-Darling tests. Both test and the results of the test are discussed in the following 
paragraphs. 
 
If the distribution of the count rate data was an idealized normal distribution the plot in Figure 3 
would fall on top of the straight line. In Figure 3 the count rate data points are either very close 
to or on the straight line. The value for R is 0.991 with a P value of >0.1. The probability with 
which the null hypothesis of normality is rejected is the level of significance and is denoted by 
the Greek letter α (alpha). For a data set with 20 measurements, assuming values of alpha 
ranging from 0.01 to 0.10 the critical values for R is 0.9600 when alpha is 0.10 and 0.9290 for 
alpha of 0.01 (Ryan, 1990). Based on the results of the Ryan-Joiner test the 226Ra concentration 
in the soil samples collected from Area 7 fits the normal distribution with greater than a 99 
percent confidence level. In addition to the R correlation the Ryan-Joiner test results in a P-
value. The P-value is the probability of getting the R correlation or lower under the assumption 
that the data are indeed normal. A high P-value (>0.1) would indicate that the count rate data do 
have a normal distribution. The null hypothesis that the data is normally distributed is accepted 
because the P-value is greater than 0.1. 
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                                                                                    pCi/g 
 
The second statistical test for normality is the Anderson-Darling test (Anderson and Darling, 
1952). The value for A2


 for the Area 7 226Ra concentration data is 0.225 with a P-Value of 0.796. 
The A2 is less than the critical value and the P-Value exceeds 0.1. The null hypothesis is 
accepted, the distribution of the 226Ra concentration has an excellent fit to a normal distribution. 
 
 
3.0 Data Comparisons and Conclusions 
 
Two 226Ra soil concentrations comparisons have been performed. The first compares the 226Ra 
concentrations in the Area 7 soil after 9-days of ingrowth to the 226Ra concentrations after 21-
days ingrowth. The second analysis compares the 226Ra concentration in the Area 7 soil 
samples (21-day ingrowth) to the 226Ra concentrations in the soil samples collected from the TI 
Site Wide background areas. 
 
A one-way analysis of variance (ANOVA) test was used to compare the mean 226Ra 
concentrations in the 9-day and the 21-day gamma spectroscopy results.  The null hypothesis, 
tested at the 95 percent confidence level, is the mean 226Ra concentration in the 9-day ingrowth 
analysis equals the mean 226Ra concentration in the 21-day ingrowth analysis. The F-test critical 
value is 2.10 and the calculated F-test value is 1.49 with a P-value of 0.229. The F-test value is 
less than the critical value of 2.10 and the P-value (0.229) exceeds 0.05. Therefore, the null 
hypothesis is accepted: The mean 226Ra concentration in the soil samples analyzed after 9-days 
of ingrown are equal to the mean 226Ra concentrations in the soil samples with 21-days 
ingrowth.  
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Figure 4 displays boxplots of the 226Ra concentrations in the soil samples collected from Area 7 
(21-days ingrowth) and the Site-Wide background reference areas. Examination of the boxplots 
demonstrates that the range of 226Ra concentrations in the Area 7 soil samples is narrower than 
the range of concentrations for the Site-Wide samples. There are no outlier 226Ra concentrations 
in either the Area 7 or Site-Wide soil samples. 
 


 
 
An ANOVA test is used to compare the 226Ra concentrations in the Area 7 and TI Site-Wide soil 
samples. In this analysis the ANOVA test is used to test the equality of the mean 226Ra 
concentration in the two sets of soil samples. 
 
 


One-way ANOVA: Area 7 Ra-226 21 Days Ingrowth versus 9-Days Ingrowth 
 
Analysis of Variance 


Source     DF        SS        MS        F        P 


Factor      1    0.0205    0.0205     1.49    0.229 


Error      42    0.5787    0.0138 


Total      43    0.5992 


                                   Individual 95% CIs For Mean 


                                   Based on Pooled StDev 


Level       N      Mean     StDev  ---+---------+---------+---------+--- 


Area 7     22    0.5623    0.1027   (------------*-----------)  


Area 7     22    0.6055    0.1304              (-----------*------------)  


                                   ---+---------+---------+---------+--- 


Pooled StDev =   0.1174             0.520     0.560     0.600     0.640 


Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix A 


Page 59 of 60 DCN: NRS-4802-0000-0022







9 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The null hypothesis being tested at the 95 percent confidence level is the mean 226Ra 
concentration in the soil samples collected from Area 7 equals the mean 226Ra concentration in 
the TI Site-Wide soil samples. The F-test critical value is 2.10 and the calculated F-test value is 
9.20 with a P-value of 0.004. The F-test value exceeds the critical value of 2.10 and the P-value 
is less than 0.05. The null hypothesis is rejected. The alternative hypothesis is accepted: the 
mean 226Ra concentration in the soil samples collected from Area 7 is less than the mean 226Ra 
concentrations in the soil samples collected from the TI Site-Wide background areas.  
 
The conclusions reached in this addendum are as follows. 
 
The mean 226Ra concentration in the 9-day ingrowth soil samples equal the 226Ra concentration 
in the 21-day ingrowth soil samples 
 
The mean 226Ra concentration in the soil samples collected from the Area 7 proposed 
background reference location is less than the mean 226Ra concentration in the soil samples 
collected from TI Site-Wide background reference area.  
 
The mean 226Ra concentration in the Area 7 soil samples are low in comparison to the 226Ra 
concentration in soil samples collected from non-impacted, undisturbed, background locations in 
the San Francisco area.  
 
The mean 226Ra concentration in the Area 7 soil samples is not recommended for use in 
defining the release criterion for Sites 31 and 33. The 226Ra concentrations are low and could 
result in a false positive decision that soil is contaminated when it is not. 
 
The Area 7 226Ra soil concentrations may be an applicable background reference area for other 
survey units at Treasure Island. 
 
 
References 
 
McArthur, R. D. and F. L. Miller Jr., 1989. Off-Site Radiation Exposure Review Project Phase II 
Soils Program, Desert Research Institute, University of Nevada System, Water Resources 
Center Publication #45064. University of Nevada, Las Vegas, NV 


One-way ANOVA: Area 7 Ra-226 21 Days Ingrowth versus 9-Days Ingrowth 
 
Analysis of Variance 


Source     DF        SS        MS        F        P 


Factor      1    0.0205    0.0205     1.49    0.229 


Error      42    0.5787    0.0138 


Total      43    0.5992 


                                   Individual 95% CIs For Mean 


                                   Based on Pooled StDev 


Level       N      Mean     StDev  ---+---------+---------+---------+--- 


Area 7     22    0.5623    0.1027   (------------*-----------)  


Area 7     22    0.6055    0.1304              (-----------*------------)  


                                   ---+---------+---------+---------+--- 


Pooled StDev =   0.1174             0.520     0.560     0.600     0.640 
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TI IR Site 12 SI RESRAD Dose & Risk Modeling 


The modifications to the default residential farmer scenario for RESRAD, shown in the table below, lists the RESRAD parameters changed from 


default values.  Detailed descriptions of the parameters and their distributions are found in the User’s Manual for RESRAD Version 6 (ANL, 2001). 


The average Ra-226 gross activity concentration for 1 ft bgs soil sample results (0.502 pCig) was used as the input to the model.  This is 


conservative relative to using the average of the full depth (1 to 8 ft bgs) of the soil sample results. The area of contamination zone was set equal 


to the entire 1400 Series housing area (65,415 m2) was used with the default thickness of the contaminated zone (2 m). 


RESRAD-ONSITE for Windows, Versions 7.2 


  Exposure Scenario  


Exposure Pathway/Parameter 
RESRAD 
Default 


Industrial 
Worker 


Construction 
Worker 


Recreational 
User 


Suburban 
Resident Notes/Comments 


External gamma exposure On On On On On  


Inhalation of dust On On On On On  


Ingestion of plant foods On Off Off Off On  


Ingestion of meat On Off Off Off Off  


Ingestion of milk On Off Off Off Off  


Ingestion of fish On Off Off Off Off  


Ingestion of soil On On On On On  


Ingestion of water On Off Off Off Off  


Exposure time (hrs/day) N/A 8a 8a 2.5a 24a  


Exposure frequency (days/yr) N/A 250a 250a 250a 350a  


Exposure duration (years) 30 25a 1a 30b 30b  


Fraction of time indoorsc 0.67 0.75 0.0 0.0 0.67 Fraction of total time indoors/  


Fraction of time outdoorsc 0.33 0.25 1.0 1.0 0.33 outdoors on contaminated site 


Inhalation rate (m3/yr)d 8,400 11,400 11,400 14,000 8,400  


Contaminated fraction–plant foode 0.1 N/A N/A N/A 0.1  


Soil ingestion (g/yr)f 36.5 36.5a 120.5a 73.0a 36.5a  


Area of contamination zone (m2) 10,000   
 1400 Housing Area 1  26,475 Area limited to no more than  
 1400 Housing Area 2  33,340 RESRAD default of 10,000 m2 
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  Exposure Scenario  


Exposure Pathway/Parameter 
RESRAD 
Default 


Industrial 
Worker 


Construction 
Worker 


Recreational 
User 


Suburban 
Resident Notes/Comments 


Soil concentration Ra-226 (pCi/g) N/A   
 Background reference  0.69 Average sample concentrations 
 1400 Housing Area 1 (net)  0.48 listed are less than background 
 1400 Housing Area 2 (net)  0.45 and therefore, were used for 
   modeling purposes (i.e., gross 
   vs. net values used) 


       


RESRAD Modeling Results 


RESRAD 
Default 


Industrial 
Worker 


Construction 
Worker 


Recreational 
User 


Suburban 
Resident Notes/Comments 


Total Dose (mrem/yr) N/A      
 Background reference  1.28E+00 1.79E+00 5.17E-01 7.54E+00 Max dose @ 0 years unless 
 1400 Housing Area 1  8.93E-01 1.24E+00 3.60E-01 5.24E+00 otherwise noted 
 1400 Housing Area 2  8.37E-01 1.17E+00 3.37E-01 4.91E+00  
       
       


       


RESRAD Modeling Results 


RESRAD 
Default 


Industrial 
Worker 


Construction 
Worker 


Recreational 
User 


Suburban 
Resident Notes/Comments 


Total Excess Cancer Risk (yr-1) N/A      
 Background reference  2.41E-05 1.32E-06 1.14E-05 1.42E-04 Max risk @ 0 years unless 
 1400 Housing Area 1  1.68E-05 9.23E-07 7.92E-06 9.90E-05 otherwise noted 
 1400 Housing Area 2  1.57E-05 8.65E-07 7.42E-06 9.28E-05  
       
       


Notes: 


a Table E-1 parameter value used 


b RESRAD recommended parameter value used 


c RESRAD assumes that the suburban resident spends 50% of their time inside (4,200 h total in one year) and 25% of their time outside (2,100 h 


total in one year) on the contaminated site. For the industrial worker, it is assumed that he/she would spend 2 h/d (500 h total in one year) 
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outside on the contaminated site. The EPA Exposure Factor Handbook (EPA 1997) assumes that the resident spends an average of 2 h/d outside. 


The construction worker (2,000 h total in one year) and the recreational user (625 h total in one year) are assumed to spend 100% of their time 


on the contaminated site outdoors. 


d RESRAD assumes an average inhalation rate of 8,400 m3/yr for the suburban resident scenario. The average inhalation rate of 15.2 m3/d is 


given in the EPA Exposure Factor Handbook (EPA 1997). For the industrial worker (and construction worker) scenario, an hourly average worker 


inhalation rate (1.3 m3/h) is assumed (EPA 1997). For the recreation user scenario, it is assumed that the individual would be involved in 


moderate activity on site; therefore, an inhalation rate of moderate activity (1.6 m3/h) is assumed (EPA 1997). 


e RESRAD corrects the contaminated fractions for plant food on the basis of the contaminated area. The values in the table are for a very large 


contaminated area (>1,000 m2 for the plant food pathway). 


f RESRAD uses 36.5 g/yr as the soil ingestion rate. The actual soil ingestion rate is corrected by the fraction of total time spent on site (indoors + 


outdoors). The average value suggested in the EPA Exposure Factor Handbook (EPA 1997) is 50 mg/d. 
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RESRAD Output – Risk Estimates 
  


Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 4 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 5 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 6 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 7 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 8 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 9 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 10 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 11 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 12 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 13 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 14 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 15 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 16 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 17 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 18 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 19 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 20 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 21 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 22 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 23 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 24 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 25 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 26 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 27 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 28 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 29 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 30 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 31 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 32 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 33 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 34 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 35 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 36 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 37 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 38 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 39 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 40 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 41 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 42 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 43 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 44 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 45 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 46 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 47 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 48 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 49 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 50 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 51 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 52 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 53 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 54 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 55 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 56 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 57 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 58 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 59 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 60 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 61 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 62 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 63 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 64 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 65 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 66 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 67 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 68 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 69 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 70 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 71 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 72 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 73 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 74 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 75 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 76 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 77 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 78 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 79 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 80 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 81 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 82 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 83 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 84 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 85 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 86 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 87 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 88 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 89 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 90 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 91 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 92 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 93 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 94 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 95 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 96 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 97 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 98 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 99 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 100 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 101 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 102 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 103 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 104 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 105 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 106 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 107 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 108 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 109 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 110 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 111 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 112 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 113 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 114 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 115 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 116 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 117 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 118 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 119 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 120 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 121 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 122 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 123 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 124 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 125 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 126 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 127 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 128 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 129 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 130 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 131 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 132 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 133 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 134 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 135 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 136 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 137 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 138 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 139 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 140 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 141 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 142 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 143 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 144 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 145 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 146 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 147 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 148 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 149 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 150 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 151 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 152 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 153 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 154 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 155 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 156 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 157 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 158 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 159 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 160 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 161 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 162 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 163 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 164 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 165 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 166 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 167 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 168 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 169 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 170 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 171 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 172 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 173 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 174 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 175 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 176 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 177 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 178 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 179 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 180 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 181 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 182 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 183 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 184 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 185 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 186 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 187 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 188 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 189 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 190 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 191 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 192 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 193 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 194 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 195 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 196 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 197 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 198 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 199 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 200 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 201 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 202 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 203 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 204 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 205 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 206 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 207 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 208 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 209 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 210 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 211 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 212 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 213 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 214 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 215 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 216 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 217 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 218 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 219 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 220 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 221 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 222 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 223 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 224 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 225 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 226 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 227 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 228 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 229 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 230 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 231 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 232 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 233 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 234 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 235 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 236 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 237 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 238 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 239 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 240 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 241 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 242 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 243 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 244 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 245 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 246 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 247 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 248 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 249 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 250 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 251 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 252 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 253 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 254 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 255 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 256 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 257 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 258 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 259 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 260 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 261 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 262 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 263 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 264 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 265 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 266 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 267 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 268 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 269 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 270 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 271 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 272 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 273 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 274 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 275 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 276 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 277 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 278 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 279 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 280 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 281 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 282 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 283 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 284 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 285 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 286 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 287 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 288 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 289 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 290 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 291 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 292 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 293 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 294 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 295 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 296 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 297 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 298 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 299 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 300 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 301 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 302 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 303 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 304 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 305 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 306 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 307 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 308 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 309 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 310 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 311 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 312 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 313 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 314 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 315 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 316 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 317 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 318 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 319 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 320 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 321 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 322 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 323 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 324 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 325 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 326 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 327 of 545 DCN: NRS-4802-0000-0022







Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 328 of 545 DCN: NRS-4802-0000-0022







RESRAD Output – Dose Estimates 
 


Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 329 of 545 DCN: NRS-4802-0000-0022

















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























Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 332 of 545 DCN: NRS-4802-0000-0022









































































































































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 333 of 545 DCN: NRS-4802-0000-0022


















































































































































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 334 of 545 DCN: NRS-4802-0000-0022




































































































































































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

























































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




























































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




























































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
























































































































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 443 of 545 DCN: NRS-4802-0000-0022















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 444 of 545 DCN: NRS-4802-0000-0022























































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 445 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 446 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 447 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 448 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 449 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 450 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 451 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 452 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 453 of 545 DCN: NRS-4802-0000-0022










































































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 454 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 455 of 545 DCN: NRS-4802-0000-0022















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 456 of 545 DCN: NRS-4802-0000-0022





























































































































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 457 of 545 DCN: NRS-4802-0000-0022


















































































































































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 458 of 545 DCN: NRS-4802-0000-0022









































































































































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 459 of 545 DCN: NRS-4802-0000-0022



































































































































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












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

































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













































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 479 of 545 DCN: NRS-4802-0000-0022















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 480 of 545 DCN: NRS-4802-0000-0022























































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 481 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 482 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 483 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 484 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 485 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 486 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 487 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 488 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 489 of 545 DCN: NRS-4802-0000-0022










































































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 490 of 545 DCN: NRS-4802-0000-0022





















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 491 of 545 DCN: NRS-4802-0000-0022















































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 492 of 545 DCN: NRS-4802-0000-0022





























































































































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 493 of 545 DCN: NRS-4802-0000-0022


















































































































































































Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix B 


Page 494 of 545 DCN: NRS-4802-0000-0022
































































































































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

























































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




























































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















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Comments Provided By:  Ms. Peyton Ward, Project Manager  
Site Mitigation and Restoration Program – Berkeley Office 
Department of Toxic Substances Control (DTSC) 
Date Comments Received: February 9, 2022 


GENERAL COMMENTS 


Comment Response 


1.  
The report relies on the results of the Conceptual Site Model 
(CSM) Update Report, which has not yet been submitted to 
the regulatory agencies for review. It is DTSC’s position that 
submission of the 1400 Series Report is premature and that 
the report can more effectively been evaluated once the CSM 
Update Report has been received and reviewed. 


 The Draft CSM Update Report was submitted for agency review on June 2, 
2022.   Navy responses to comments (RTCs) to the Draft CSM Update and 
this Draft Radiological SI are being prepared and shared with stakeholders 
simultaneously.  The Navy understands that final concurrence with these 
RTCs may depend on prior concurrence on the RTCs to the Draft CSM 
Update. 


2.  
The report relies on the Naval Station Treasure Island 
(NSTI) average background concentration of radium-226 
(Ra-226) in soil of 0.69 picocuries per gram (pCi/g) (action 
level set at 1 pCi/g above the average site-wide background) 
but provides no information on how or where the data were 
collected or analyzed. Please revise the report to include an 
extensive discussion of the background dataset. Alternately, 
provide a brief discussion in the main text and attach the 
relevant documents as appendices to the report. 


Establishment of the NTSI background concentration for 226Ra is 
documented in Analysis of Gamma Survey and Radium-226 Soil 
Concentration Data at the Treasure Island Site-Wide Background Areas 
and the Area 7 Background Reference Area (Shaw 2012) which will be 
provided as Appendix A to this document. Additionally, the following 
statement has been added to the end of Section 2.0:  
 


“Several of the radiological investigations and evaluations 
summarized below involve comparison of radium-226 (226Ra) 
concentrations in soil samples collected from a given site to the 
average background concentration of 0.69 picocuries per gram 
(pCi/g) 226Ra for soil at NTSI.  Details regarding how this basewide 
background value was established are provided in the Analysis of 
Gamma Survey and Radium-226 Soil Concentration Data at the 
Treasure Island Site-Wide Background Areas and the Area 7 
Background Reference Area (Shaw 2012), a copy of which is provided 
in Appendix A.”  


Radiological Site Investigation Report, 1400 Series Housing Area 
Former Naval Station Treasure Island, San Francisco, CA


Appendix C 


DCN: NRS-4802-0000-0022







Page 2 of 14 


RESPONSE TO COMMENTS ON 


DRAFT Rev 01  


RADIOLOGICAL SITE INVESTIGATION REPORT, 1400 SERIES HOUSING AREA 


FORMER NAVAL STATION TREASURE ISLAND, SAN FRANCISCO, CALIFORNIA 


DCN: NRS-4802-0000-0021 


September 23, 2022 


3.  
Where radiation doses are presented (e.g., in milliroentgen 
equivalent man per year [mrem/yr]), DTSC suggests 
providing context for those doses in units that are more 
meaningful to the public. This could be done by comparing 
doses to general background dose. 


The second paragraph of Section 5.3.2 describes the average dose that most 
Americans receive from natural background radiation, with additional detail 
describing the breakdown of dose from intake of common foods and 
medical procedures.  Comparison of the calculated doses from the site soil 
samples are compared to the background estimate in Section 5.3.2 as well.  


4.  
Where risk numbers are presented (e.g., risk at Areas 2 of 
9.28x10-5), please provide context in the form of a risk 
associated with background concentrations at a separate 
location (e.g., an unimpacted off-site area) as another line of 
evidence. Where risks are below those of a well-defined 
background area, it may not be appropriate to present the 
risks as “excess.” 


The first paragraph of Section 5.3.1 provides a comparison of the estimated 
risks for Ra-226 in Area 1 and 2 soil samples relative to the soil from the 
sitewide background area.  The term “excess” has been removed in multiple 
locations where appropriate.   


5.  
Where the Historical Radiological Assessment – 
Supplemental Technical Memorandum (HRASTM) is 
referenced, please provide precise citations within the 
document. For example, Section 2.2 states that CSM from 
the HRASTM that accounts for the presence of low-level 
radioactive objects (LLROs) outside of the Solid Waste 
Disposal Areas (SWDAs). Please provide a citation to the 
section or subsection discussing the CSM so that the claims 
made in the 1400 Series Report can be verified in the 
HRASTM. Other examples include the evidence presented in 
Section 3.2 on the presence of buildings in Area 2 during 
development of the 1100-1300 Series housing areas. 


References or citations to other sections/subsections in the text are included 
throughout the document and have been added where appropriate. The 
changes can be seen in the red-line strike out (RLSO) version of the revised 
report provided with the responses. 


6.  
Some presentation of information is imprecise, including the 
following: 


a. Section 1.3 seems to imply that the SWDAs were only 
using during and immediately following World War 
II. DTSC understands that the SWDAs continued to 
be used in some capacity until they were capped and 
the housing was constructed at Site 12. 


a. The first sentence in Section 1.3 states that the waste disposal activities at 
IR Site 12 took place between the 1940s and early 1960s.  The subsequent 
statements add detail that the disposal practices associated with the SWDAs 
continued after the end of WWII, but on a reduced scale due to the change 
in scope and scale of the operations following the conclusion of the war. 
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b. Section 2.2 – LLROs have included radioactive foils, 
which DTSC understands were not disposed of as part 
of repair and maintenance of ships and planes. Please 
account for the origin of these objects. 


 
c. Section 2.2 states that “LLROs originally disposed of 


or buried in the SWDAs may have been transported or 
displaced into the housing area…” Please note that 
some of the housing was built on top of what are now 
defined as the SWDAs, even if those units were not 
leased after base closure. Please revise the text to 
reflect this. 


b. The text has been updated to state the foils were most likely used as 
check/calibration sources for instruments used in radiological training (see 
Section 1.2.2 of the HRASTM).  The CSM for the foils is the same as for 
the other LLROs and assumes they were disposed along with other debris 
and rubbish in the SWDAs. The following statement has been added to end 
of the second paragraph of Section 2.2 (added text indicated in italics and 
underlined): 
 


“The HRASTM also discussed the likely purpose/use of radium foils 
that have been found at the site. Although the exact use could not be 
confirmed, the HRASTM concluded the foils were likely used as 
calibration or check sources for the Atomic Warfare School located at 
TI and disposed of as excess in the early 1950s (see Section 1.2.2 of 
the HRASTM).” 
 


c. The statement has been revised and now reads as follows (revision in 
italic, underlined text): 
 


“LLROs originally disposed of or buried in the SWDAs may have 
been transported or displaced laterally, away from the disposal areas, 
further into the 1100, 1200, and 1300 Series housing areas…” 
 


SPECIFIC COMMENTS 


Comment Response 


1. 1


. 


Executive Summary – In paragraph four, DTSC suggests 
including the percentage of LLROs identified outside of the 
SWDAs at Site 12. 


A total of 15 out of 1308 items (1.1%) have been recovered outside the 
boundaries of the SWDAs and Central Rubbish Area (CRA) as recently 
established in the CSM Update (IE JV, 2022). The first sentence of 
paragraph 4 in the Executive Summary has been revised to read as follows 
(added text indicated in italics and underlined): 
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“However, a limited number of LLROs (roughly 1% of the total 
number of items recovered) have been identified in the soil outside the 
disposal areas.”  
 


2. 2


. 


Section 1.5 states that the objective of this report is to 
determine whether the1400 series can be determined to 
require no further action with respect to radiological 
concerns and exit the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) 
process. DTSC request that the text be revised to indicate 
that the area may exit the CERCLA process with respect to 
radiological concerns but not chemical contamination, which 
would need to be addressed in a separate document. 


Acknowledged.  Chemical impacts to the 1400 Series Housing are being 
addressed separately under the original Site 12 RI/FS and subsequent ROD.  
The SI evaluations and recommendation apply only to radiological 
concerns.  The text in Item 1 of Section 1.5 has been revised to provide 
emphasis as follows (added text indicated in italics and underlined):  
 


“The area does not require further investigation or response for 
potential radiological concerns due to historical Navy activities and is 
recommended for no further action (NFA). This designation would 
allow the areas to achieve closure and exit the CERCLA process, with 
respect to radiological concerns or ….” 
 


3.  
Section 2.3 – Prior to the issuance of the HRA (2006), was 
debris identified in the 2003 trenching activity radiologically 
scanned? If so, please revise the text to reflect this. 


Yes, all of the excavation spoils from the 2003 trenching project were 
scanned for radiation, including the debris.  The first sentence of the second 
paragraph has been reorganized to read as follows:  
 


“During trenching, the excavated soil and excavation were visually 
inspected for debris, and were screened for radiological concerns and 
sampled for chemical impacts and radiological concerns.” 


 


4.  
Section 2.3 states that debris encountered during trenching 
included construction/demolition material. Please explain 
whether it was Navy policy at the time to use 
construction/demolition debris as fill or to otherwise dispose 
of it at the site of demolition. 


There is no general Navy policy to use construction/demolition debris as fill 
or to deliberately dispose of it at the demolition site. This does not eliminate 
the possibility of unique and specific construction specifications involving 
structure demolition.  However, it is not uncommon at Treasure Island to 
find small areas of incidental debris associated with historical building 
demolition/construction events, such as those items found in the shallow 
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soil at the 1400 Series soil. This inert debris can remain in soil during site 
preparation activities as their size and paucity may make them somewhat 
difficult to see and typically does not affect the ability to meet compaction 
specifications for the structures. As described in Section 2.3, the debris 
recovered from the trenches in the 1400 Series housing footprint 
predominantly consisted of small pieces of concrete, asphalt, and nails.  
These are more consistent with demolition debris than the more industrial 
types of debris recovered from the SWDAs (drums, large metal fragments, 
etc.).  Furthermore, as described in Section 2.5, this same type of debris 
(small pieces of concrete/asphalt, nails, copper wire) were recovered from a 
limited number of borings during the 2014 soil sampling event. 


5.  
Sections 2.4 and 2.5 – Please revise the text to indicate 
whether the radiological scoping survey and sampling, as 
well as the Navy’s conclusions based on these efforts, were 
concurred upon by CDPH. 


Where referenced, reference to the scoping survey and sampling reports in 
Sections 2.4 and 2.5 to now read (modifications in italics and underlined): 
 
“… regulatory agency-concurred Final Radiological Scoping Survey 
Report…” and 
 
“….regulatory agency-concurred Final Completion Report…”  
 


6.  
Section 2.4 describes the 2013-2014 radiological scoping 
surveys covering the1400 Series Housing Area. The text 
alternates between describing 26 and 29 areas requiring 
further evaluation. Please ensure that the numbers are 
consistent and cover all the areas requiring further 
evaluation. 


Reference to the number 29 was made in error.  The typo has been 
corrected to read “26” in the text. 


7.  
Section 2.4 – It is not clear how the seven locations 
identified for further investigation were identified from the 
26 or 29 original locations. If this was presented in a prior 
document, please provide a precise citation to the section in 
which it is presented. 


The statement was originally modified from the Scoping Survey document, 
which included all of the housing areas, and was not specific to Areas 1 and 
2 of the 1400 Series Housing area.  However, after conducting additional 
review, it appears that this particular recommendation would not apply to 
the 1400 Series as no radiological anomalies were identified within the 
footprint of Areas 1 and 2.  As such, the recommendation (former Item #1) 
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has been deleted from Section 2.4.  The last paragraph now reads as follows 
(deleted text shown as strike-out): 
 
The regulatory agency-concurred Final Radiological Scoping Survey 
Report (Gilbane 2015) provided the following recommendations relevant to 
Area 1 and Area 2 of the 1400 Housing Series Housing, as stated in the 
report: 


1. Investigate seven radiation anomaly locations to define the 
extent of the area with 226Ra concentrations above the release 
criterion, 


2. 1. “Investigate the graphical and statistical anomalies observed 
within the housing area matrix data sets to determine whether 
they represent Navy legacy material or radiological artifacts of 
the island unrelated to Navy operations”, and 


3. 2. “Investigate the dissimilarities among the housing area matrix 
data sets using exploratory data analytical methods, followed up 
by field observations and additional data collection, as 
necessary, to validate conclusions.” 


8.  
Section 2.4 – Please describe the findings of the Final 
Radiological Scoping Survey in language that can be 
understood by the public. For example, “Investigate…”. This 
finding is opaque to anyone without knowledge of the site 
and the principals of environmental investigation. 
 


Please see response to Comment # 7 above. To the extent practicable, 
Section 2.4 has been revised to simplify the findings.  The 
recommendations listed at the end of the section were taken directly from 
the original report but were altered slightly to remove the first of the three 
recommendations from the Scoping Survey as it pertains specifically to 
findings and recommendations for other housing areas at IR Site 12, and 
does not apply to the 1400 Series Housing. Apart from that change, the 
other two recommendations were taken directly from the report and are 
noted in quotations. 


9.  
Section 2.5 – Please revise the text to indicate whether debris 
encountered was scanned for radiation. 


Debris recovered from the soil borings was scanned for radiation during the 
2014 soil sampling event.  The second and third sentences of the second 
paragraph of Section 2.5 includes the following statement: 
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“At each boring, soil was collected in 6-inch (0.5-foot) intervals from 
0 to 4 feet bgs. Each interval was visually inspected for signs of 
historical waste or debris and was radiologically screened.” 


10.  
Sections 5.1 and 5.2 – Please include any ground-level, 
rather than aerial, photographs showing buildings on Areas 1 
and 2 of the 1400 Series. The aerial photographs do not show 
the buildings covering the full footprint of the area and it is 
not clear if the remaining area is paved or landscaped. 
Similarly, please provide documentation of the fencing 
around the area during the construction of the other housing 
areas. 


Although there are numerous ground-level photos documenting the history 
of Treasure Island, there are only a limited number available for review that 
depict the areas within the 1400 Series footprint, none of which have the 
documented provenance to reliably present the period just prior to the 
construction of the housing units in that area.  As such, the SI report will 
rely on the images depicted in the aerial photographs based on their 
documented provenance. 
 
Additional review of historical documentation for the CSM Update and this 
SI report identified evidence for the historical presence of fencing at several 
key locations around the site at various times.  However, the available 
documentation does not provide sufficient evidence to support the position 
that fencing was continuously present throughout the construction of the 
1100 and 1300 Series housing areas. Regardless, lines of evidence 
presented in the CSM Update, such as coverage and development of the 
disposal areas prior to the 1400-series housing construction, minimal 
grading planned and performed during the 1400-series development 
activities, low lead concentrations in soil, and the absence of LLROs 
recovered during past environmental program investigations, indicate that 
soil redistribution from the former disposal areas to the 1400 series during 
construction of the 1100 and 1300 series housing is unlikely.  
As such, the statements referring to the fencing as additional supporting line 
of evidence have been removed from Sections 5.1 and 5.2, as well as the 
conclusions. Additional information regarding the evolution of the fencing 
evaluation is provided in Sections 3.1 and 3.2.4.5 of the Draft Updated 
CSM (IE JV, 2022). 
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11.  
Section 5.2 – Please revise the text to explain why charred 
wood has been categorized as construction or demolition 
debris. Please also indicate how many total borings were 
done in Area 2 as it states debris was identified in 25 
borings. 


The statements in Section 2.5 and 5.2 describing the debris found have been 
revised for clarity as the charred wood is not considered construction 
debris.   
Paragraph 3 of Section 2.5 now reads as follows (changed text shown in 
italics and underlined): 


“Debris, typically consisting of charred wood small metal objects 
(e.g., nails and wire), and pavement debris (tarred asphalt and 
concrete) consistent with building demolition, were observed at 32 of 
the locations at Areas 1 and 2 (Figure 6). In addition, small fragments 
of charred wood were found in some locations.” 


Paragraph 5 of Section 5.2 now reads as follows (changed text shown in 
italics and underlined): 
 


“As described in Section 2.5, the debris consisted of charred wood 
small metallic objects (nails and wire), and pavement (asphalt and 
concrete) fragments, with some charred wood (CB&I 2015). 
Moreover, the majority of the debris was observed in boring locations 
from within Area 2 that correspond with the locations of buildings 
from the late 1940s to early 1950s that were later demolished. Based 
on these observations, the nature and location of the observed debris 
(with the exception of the charred wood) in Area 2 is consistent with 
building materials from in-place demolition.” 


 


12.  
Section 5.3.1 – DTSC suggests the Navy describe what the 
risk numbers represent, e.g., that in a population of 
1,000,000 individuals exposed 24-hoursper day, 350 days 
per year for 25 years, 142 excess cases of cancer may occur, 
based on mathematical modeling. Please also refer to 
General Comment 4 about whether these theoretical cases of 
cancer should be considered excess when compared to 
“background” results. 


A new footnote describing the exposure assumptions has been added to 
Section 5.3.3 that discusses the limitations of the modeling.  The footnote 
reads as follows: 
 
 Cancer risk values represent number of cases based on RESRAD modeling 
results using conservative assumption of 1,000,000 individuals exposed for 
24-hours a day for 350 days a year, for 25 years. 
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13.  
Section 5.3.1 states that individuals are 1,000 time more 
likely to develop cancer from other causes than exposure to 
Ra-226 at the 1400 Series. DTSC suggests that comparison 
to the one in three risk of developing cancer put forward by 
the American Cancer Society is not an appropriate 
comparison. First, it includes all etiologies, including 
environmental exposures. Second, it conflates risks 
associated with lifestyle with environmental exposures, 
which individuals do not encounter voluntarily. DTS 
requests that the text be revised to strike this comparison. 


The statement referring to the American Cancer Society data has been 
removed from Section 5.31. The revised text in Section 5.3.1 now only 
provides a description of the cancer risk calculations in support of the SI 
conclusions and recommendations. 
 
 


Comments Provided By: Dr. Tzong-Ru Terry Han, Ph.D., Senior Health Physicist  
Environmental Management Branch (EMB) 
California Department of Public Health (CDPH) 
Date Comments Received: February 11, 2022  


GENERAL COMMENTS  


Comment Response 


1.  
This Site Investigation (SI) Report compiles, summarizes, 
and evaluates the results of previous radiological 
investigation and characterization activities which have been 
reviewed and accepted by the Department of Toxic 
Substances (DTSC) and the California Department of Public 
Health, Environmental Health Branch (CDPH-EMB). 
Therefore, other than Section 4.0, Risk Assessment; which 
introduces new RESRAD-ONSITE Code Version 7.2 
modeling assessments, there are no technical challenges to 
the data summarized in this report. 


Comment noted. 
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DCN: NRS-4802-0000-0021 


September 23, 2022 


2.  
Navy averred in the May 27, 2020, “Site 12 Radiological 
Technical Working Group Former Naval Station Treasure 
Island Site 12 1400 Series Housing NFA Strategy”, 
presentation that the, “Conceptual Site Model (CSM) 
research project schedule expected to parallel preparation of 
NFA request for 1400 Series Housing Area (contractual 
factors-dependent).” Previously, and again at that juncture, 
CDPH-EMB informed Navy that no request for a 
determination of, “No Further Action” (NFA), would be 
granted unless and until the updated CSM for all of 
Installation Restoration (IR) Site 12 had been reviewed and 
accepted by the regulatory agencies. 


Comment noted. The Draft CSM Update was submitted for agency review on 
June 2, 2022. 


3.  
For the purposes of this SI Report the 1400 Series Housing 
Area has been divided into two separate sections, a northern 
Area 1 and a southern Area 2. CDPH-EMB notes that 3 
Low-Level Radiological Objects (LLROs) have been found 
directly between these two sections. These LLROs are 
documented in the Final Work Plan Intrusive Investigation – 
Radiological Areas of Interest Former Naval Station 
Treasure Island, San Francisco, California, May 2021, as 
Anomaly A-G14. CDPH-EMB maintains that it would be 
inappropriate to grant a request for an NFA unless and until 
a CSM which accounts for the presence of these LLROs in 
between the two sections of the 1400 Series Housing 
sections has been reviewed by the regulatory agencies. 


Comment noted. The Draft CSM Update was submitted for agency review on 
June 2, 2022.  The CSM Update includes discussion of a potential mechanism 
(incidental release) to account for the presence of LLROs at that location (see 
Section 3.2.4.5 of the Draft CSM Update [IE JV 2022]). Based on recent 
discussions between the Navy and agencies, the next version of the CSM Update 
will include an Appendix (Appendix E) devoted to evaluation of historical 
activities and uses at the empty lot, supporting the conclusion that the lot has 
been used for staging of soil, equipment, and materials during environmental 
remediation projects at other sites in the past.  
 
In addition, the Navy would like to emphasize that NFA recommendation in the 
SI Report only applies to Areas 1 and 2 of the 1400 Series footprint where the 
site history, investigative, and risk assessment date support unrestricted reuse and 
does not include the empty lot at this time.  This approach is consistent with the 
fact that several sites adjacent to the empty lot have been granted radiological 
free-release by CDPH and DTSC in the past, including IR Site 20 and IR Site 31. 
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SPECIFIC COMMENTS  


Comment Response 


4.  
Section 2.3, IR Site 12 Trenching (2003), 


a. page 2-2, paragraph 1, sentence 1, “In 2003, the 
Navy completed an exploratory trenching 
investigation at IR Site 12 to help delineate the 
lateral extent of the SWDAs and identify other 
potential areas of concern outside the SWDAs 
(Shaw Environmental, Inc. [Shaw] 2004”. Please 
include this document in, “Table 1: Summary of 
Previous Investigations Evaluated for 
Radiological Site Investigation”. 


b. page 2-2, paragraph 1, sentence 3, “A total of 90 
exploratory trenches were completed within the 
footprints of Area 1 and Area 2 of the 1400 Series 
Housing Area (Shaw 2005).” Please include this 
document in, “Table 1: Summary of Previous 
Investigations Evaluated for Radiological Site 
Investigation”. 


c.  


a. The 2003 Trench Study has been added to Table 1. 
b. The statement references the same Trench Study but there was a typo in 


the citation that indicated “Shaw, 2005” which has been corrected to 
“Shaw 2004”.  As noted in the response above, this document has been 
added to Table 1. 


5.  
Section 3.2, CSM for 1400 Series Housing Area, page 3-2, 
paragraph 2, sentence 4, “These revisions to the grading 
model will be documented in the upcoming revised CSM 
technical memorandum”. Please see General Comment 2. 


Section 3.2 has been revised to be consistent with the Draft CSM Update TM, 
and now reads as follows (changes in italics and underlined): 
 
“However, more recent review and evaluation of these same plans and surveys indicated 
the amount of fill used in the 1400 Series housing was likely less than 1 foot in most 
locations. These revisions to the grading model will be are documented in the upcoming 
Draft CSM Update (IE JV 2022).” 
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6.  
Section 4.0, Risk Assessment, page 4-1, paragraph 1, 
sentence 2, “This previous modeling used the conservative 
default scenario that assumes a full-time resident farmer 
growing crops in the modeled area “. Please explain why the 
conservative default scenario that assumes a full-time 
resident farmer growing crops is not used in this document. 


As described in Section 4.0, the modeling scenarios were selected based on the 
planned future use of the site which includes multi-story residential occupancy 
and not residential farmers. Additionally, this exposure scenario is consistent 
with the exposure scenarios and receptors evaluated in the human health risk 
assessment conducted for chemical contaminants for the IR Site 12 Remedial 
Investigation.  


7.  
Please provide a citation which demonstrates the Radiation 
Solutions Inc. RS 700 gamma detector system to ability to 
detect a Radium 226 concentration of 1.69 picoCuries per 
gram (pCi/g) at 9 inches below ground surface of soil either 
as diffuse contamination or in the form of a low-level 
radiological object (LLRO). 


The capabilities of the RS700 system were documented in the Final Technical 
Basis Document, Gamma Scan Surveys, Former Treasure Island, San Francisco, 
California (CB&I 2015). 


Comments Provided By: Langan Engineering and Environmental Services, Inc. (Langan) 
On behalf of Treasure Island Development Authority (TIDA) 
Date Comments Received: February 4, 2022 
GENERAL COMMENTS 


Comment Response 


1.  
Please clarify whether lead and asbestos abatement/lead 
dripline assessment sampling was completed for the 
demolished buildings mentioned throughout this report? 


The SI is specifically focused on radiological concerns at the 1400 Series 
Housing, evaluations of lead and asbestos sampling during historic building 
demolition are outside the scope of the investigation. 


SPECIFIC COMMENTS 


Comment Response 


1.  
Section 2.3, IR Site 12 Trenching (2003), page 2-3: 
Provide a citation for the following sentence: “Although a 
limited amount of debris was encountered, it 
predominantly consisted of concrete, asphalt, nails and 
other construction/demolition material that was distinctly 


Citation added. 
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different from the more industrial materials (e.g. drums, 
metal fragments, etc.) recovered from the SWDAs.” 


2.  
Section 2.4, Radiological Scoping Survey of IR Site 12 


(2013-2014), page 2-4: The final paragraph of this section 
notes three recommendations. Which section(s) in this 
report addresses the seven radiation anomaly locations 
mentioned in the first recommendation and describes the 
associated investigation results? If none of the sections in 
this report address these three recommendations, please 
add. 
 


The statement has been revised.  Please refer to response to DTSC Specific 
Comment # 8. 


3.  
Section 3.2, CSM for 1400 Series Housing Area, first 


paragraph: Provide a citation for the following sentence: 
“Debris encountered … generally consisted of charred 
wood and small metal objects such as wire or nails, as well 
as pieces of tarred asphalt and concrete materials 
consistent with building demolition debris.” 


Citation added. 


4.  
Section 3.2, CSM for 1400 Series Housing Area, second 


paragraph: There is a discrepancy in the noted net import 
of fill into the 1400 Series housing between the executive 
summary and Section 3.2 (less than 1 foot vs less than 2 
feet). Please clarify. 


Statements in the Executive Summary have been revised to indicate “less than 2 
feet” and are now consistent with the text in Section 3.2. 


5.  
Figure 2: Please indicate on this figure that the space 
adjacent to IR Site 20 (in between Area 1 and Area 2) is 
the empty lot mentioned in Section 1.4. 


A note has been added to Figure 2.  Section 1.4 also refers to Figure 3 that 
specifically calls out features and boundaries at and around the 1400 Series 
Housing Area, including the empty lot between Areas 1 and 2. 


6.  
Section 5.2, Area 2 – Southern Housing Area: Langan 
does not complete a full editorial review. Revise “Area 1” 
in the first sentence of paragraph 3 to “Area 2.” 


The typo has been corrected and the document has been subjected to another full 
QC review. 
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Navy Changes in Response to Discussions with Agencies/Stakeholders: 


Based on discussions between the Navy and regulatory agencies during the July 27, 2022 and August 24, 2022 Radiological Technical Working Group 
(TWG) meetings, the footprint of Area 1 has been reduced to exclude an approximately 0.6-acre area where grading activities during the development of 
the adjacent 1100 Series housing area overlapped onto the northernmost portion of the 1400 Series housing area, as noted in the Draft Conceptual Site 
Model Update (IE JV, 2022).   
 
This change is noted in Section 1.4 of the Draft Final SI Report and is specifically depicted on Figure 3.  Figures 2 through 7 have also been revised to 
incorporate the new boundary for Area 1.  In addition, the following paragraph has been added to Section 3.2 to provide the rationale for the change: 
 
“As noted in Section 3.2.4.4 of the Draft CSM Update, review of historical aerial photographs and construction plans indicates that grading activities 
during the development of the 1100 Series housing area in the 1970s likely overlapped onto an approximately 0.6-acre area in the northernmost portion 
of what was once included within the boundary of the 1400 Series housing area (see Figure 3).   Therefore, for the purposes of this SI, this approximately 
0.6-acre area of overlap has been excluded from Area 1 and will be addressed under a future evaluation.” 
 


References: 


Innovex-ERRG Joint Venture (IE JV) Draft Conceptual Site Model Update, Installation Restoration Site 12, Former Naval Station 
 Treasure Island, San Francisco, California. June 2022. 
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