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Executive Summary 

This report is an addendum to the final Feasibility Study Report for Parcel F, Hunters Point 
Shipyard, San Francisco, California (final FS report for Parcel F) (Barajas, 2008) to address 
radionuclides of concern (ROCs). The United States Department of the Navy (Navy) has 
identified six ROCs for Parcel F: cesium-137 (Cs-137), cobalt-60 (Co-60), plutonium-239/240 
(Pu-239/240), radium-226 (Ra-226), strontium-90 (Sr-90), and uranium-235 (U-235) 
(NAVSEA, 2004). The intent of this addendum is to determine whether remedial actions are 
necessary to address the ROCs in Parcel F sediments, and if so, to present potential 
remedies. 

Parcel F is located within Hunters Point Naval Shipyard (HPNS) in San Francisco, 
California. This parcel is the offshore area at HPNS and comprises 446 acres of underwater 
property. The final FS report for Parcel F evaluated potential remedial alternatives to 
address risks to human health and the environment from exposure to chemical 
contaminants (Barajas, 2008). After the FS report was finalized, radiological investigations of 
the offshore sediment at Parcel F were performed.  

This document presents the following:  

 Previously reported characterization data for ROCs at Parcel F  

 Previously reported comparisons of the Parcel F data to the reference area data from the 
San Francisco Bay  

 Results of previous statistical tests  

 New information that quantifies the potential risk to future site users from exposure to 
ROCs  

 An evaluation of potential cumulative human health risks from chemicals and ROCs  

 An updated conceptual site model (CSM)  

 The rationale for recommending that institutional controls (ICs) be placed on Parcel F 
sediments as the remedial alternative to manage future dredging activities, and to 
ensure the proper assessment of sediments and disposal of potential radiological devices 
at Parcel F  

This FS addendum re-evaluates the entire historical dataset at Parcel F and provides new 
risk analysis in order to incorporate ROCs into the risk evaluation at Parcel F.  

During extensive investigations performed throughout Parcel F, the Navy did not recover 
radioluminescent items such as dials, gauges, and deck markers from Parcel F sediments. 
Furthermore, no unacceptable risk from ROCs was identified during the risk evaluations. 
However, based on the CSM for HPNS activities that include the potential for inadvertent 
disposal of radioluminescent items, the Navy has decided that it is appropriate to place ICs 
on Parcel F sediments. ICs will allow for management of future dredging activities in light 
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of the potential that low-level radiological objects such as radioluminescent dials, gauges, 
and deck markers could be encountered in dredge spoils.  

A comprehensive history (from 1939 through June 2003) of radiological operations at HPNS, 
conducted by the Navy and Navy contractors and presented in the Historical Radiological 
Assessment (HRA), cited the principal areas of historical radiological operations at HPNS as 
follows: 

 Repair, use, and disposal of radioluminescent items (such as dials, gauges, and deck 
markers) 

 Gamma radiography for testing materials and calibration laboratory operations to 
ensure the accuracy of radiation survey equipment 

 Decontamination of and scientific research on ships contaminated during atomic 
weapons testing during OPERATION CROSSROADS 

 Use of various radionuclides for scientific research by the Naval Radiological Defense 
Laboratory and its predecessors 

The HRA cited four potential release mechanisms to Parcel F: radioactive liquid waste 
discharged via the storm drains and sewers to Parcel F, OPERATION CROSSROADS 
decontamination activities, underwater experimentation, and accidental radioactive waste 
disposal activities from Navy ships. The HRA designated two general areas within Parcel F 
as impacted: “Underwater Areas” and “All Ships’ Berths.” The HRA did not provide 
boundaries for the Underwater Areas but described them as “underwater areas that 
encompass the property line of the shipyard, and waterways under ships’ docking and 
berthing areas” (NAVSEA, 2004). The assessment included an evaluation of media and 
migration pathways for five Parcel F ROCs (Cs-137, Pu-239/240, Ra-226, Sr-90, and U-235). 
Note that Co-60 was added as an ROC to Parcel F after the HRA, as described in the next 
paragraph. The HRA designated the potential for radiological contamination of sediment in 
Underwater Areas and All Ships’ Berths as “Low.” 

The HRA designation for the underwater areas and ships’ berths as impacted was based on 
historical records and information. At the time the HRA was prepared, no radiological data 
had been collected from Parcel F sediments. To address the lack of information regarding 
the nature and extent of radionuclide activity within Parcel F, a two-phased data gap 
investigation was conducted. Phase 1 was a screening survey to characterize the nature and 
extent of ROC activity levels in sediment on a broad scale. The Phase 2 DGI was more 
focused and was split into two studies—Phase 2a conducted in 2011, followed by Phase 2b 
conducted in 2012. Phase 2a focused on locations within Parcel F where Phase 1 screening 
survey data indicated a potential for elevated radionuclide concentrations. Phase 2b was 
designed to cover the remaining Parcel F areas that were not covered in Phase 2a. Co-60 was 
also added as the sixth ROC for Parcel F during the data gap investigations because the 
radionuclide was used at the Experimental Ship Shielding Area adjacent to the South Basin 
in Parcel F. It is worth noting that the Phase I screening survey data that indicated a 
potential for elevated radionuclide concentrations was subsequently found to be biased high 
due to an onsite laboratory data interpretation issue that was later resolved through re-
analysis at an offsite laboratory. This re-analysis showed that these results were 
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approximately three times less than previous results for the ROC Ra-226 (ITSI Gilbane & 
SAIC, 2013).  

The Phase 1, 2a, and 2b radiological data gap investigations conducted within Parcel F 
included the collection of environmental samples, laboratory analysis, assessment of risk to 
human health and the environment, calculation of screening criteria, and assessment of the 
data. The investigations included the advancement of over 300 sediment cores (247 Parcel F 
cores and 18 reference area cores for radionuclide analysis, and 42 cores for physical 
properties and quality assurance/quality control), which generated more than 
1,058 sediment samples for laboratory analysis, 800 of which were analyzed for 
radionuclides.  

The CSMs used to evaluate risk to humans and biota at Parcel F addressed two exposure 
scenarios: an intertidal component and a subtidal component (Battelle  et.al., 2011). These 
CSMs differ in the way that receptors could be exposed to radionuclides in sediment as 
follows:  

 The intertidal CSM is defined as areas within the Parcel F boundary from the high tide 
line (mean higher high water)1 down in elevation to a water level of less than or equal to 
-3.0 feet mean lower low water.2 Humans could be exposed through ingestion of 
contaminated shellfish and sediment, and external exposure to contaminated sediment. 
Biota could be directly exposed to contaminated sediments. 

 The subtidal CSM is defined as areas within the Parcel F boundary with water levels 
greater than -3.0 feet mean lower low water. For the subtidal CSM, humans are assumed 
to be present in a boat over contaminated sediments. In this scenario, humans are 
assumed to be shielded by water from direct exposure to contaminated sediments but 
still could be exposed through ingestion of contaminated shellfish and sediment. Biota 
could be directly exposed to contaminated sediments. 

Previous data gap investigations and the associated reports included discussion of a 
revetment wall CSM, which was defined as an area within the footprint of the revetment 
wall that had been planned for construction within and adjacent to Parcel B. Because the 
revetment wall is part of Parcel B, it is not relevant to Parcel F and, therefore, is not included 
within this report. 

Risk assessments were completed for Parcel F to estimate risks associated with current and 
potential future exposure by human receptors and biota to radionuclides in sediment at 
Parcel F. Radionuclide risk evaluations for human health and biota were conducted during 
the Phase 2a and 2b investigations, using the sediment data collected during these and the 
Phase 1 investigations. The Environmental Risk from Ionising Contaminants: Assessment and 
Management (ERICA) tool for biota risks (Brown et al., 2008) to determine the potential 
environmental risk to biota. The ERICA tool models the transfer of radioactive material 
from sediment and water to organisms using a concentration factor approach.  

                                                      
1 The average of the higher high water height of each tidal day observed over the National Tidal Datum Epoch. Source 

NOAA/National Ocean Services. 
2 The average of the lower low water height of each tidal day observed over the National Tidal Datum Epoch. Source 

NOAA/National Ocean Services. 
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The Project Action Limits (PALs) estimated for biota were higher (less restrictive) than the 
PALs developed for protection of human health (Battelle and Sea Engineering, 2013). 
Therefore, for purposes of this addendum, only PALs for protection of human health were 
considered. Addressing potential risk to human health will also address potential risk to 
biota. The PALs developed for protection of human health were based on several model 
parameters that were established for human exposure to chemical contaminants in the 
Parcel F FS (Barajas, 2008) and the Final Hunters Point Shipyard Parcel F Validation Study 
Report, San Francisco Bay, California (Battelle et al., 2005). The previously established factors 
included consumption rates, exposure times, and other miscellaneous exposure parameters. 
PALs were developed for adult and child recreational users and for construction workers 
based on exposure via ingestion of contaminated shellfish and sediment and external 
exposure to contaminated sediment. The transfer of radioactive material from sediment to 
organisms to a human was modeled using a concentration factor approach similar to that 
used in the ERICA tool (Brown et al., 2008). 

This FS addendum reassessed cancer risks for exposure to ROCs in sediment using 
95 percent upper confidence limit (95 UCL) concentrations of ROCs measured during the 
Phase 1, 2a, and 2b radiological data gap investigations. Radiological risks were assessed for 
recreational users and were calculated as estimates of excess lifetime cancer risk. This FS 
addendum also updates human health risks for receptor exposure to nonradiological 
chemicals to reflect updated risk assessment methods, exposure assumptions, and toxicity 
criteria. This update incorporates 2014 HHRA Note 1. (DTSC, 2014) Combined cancer risks 
were calculated in this FS addendum to estimate the overall potential human health risk 
associated with recreational user exposure to both ROCs and chemicals in sediment at 
Parcel F. The combined risk for the recreational user is 4x10-4 for both the intertidal and 
subtidal CSM exposure scenarios. The combined risk for the intertidal and subtidal CSM 
exposure scenarios exceeds 10-4, the upper end of the USEPA range of 10-4 to 10-6 for 
management of cancer risks. Chemical risks (4x10-4 for both scenarios) contribute to the 
majority of the combined risk (99 percent for the intertidal scenario; nearly 100 percent for 
the subtidal scenario). Radiological risks (4x10-6 for the intertidal scenario; 6x10-8 for the 
subtidal scenario) contribute minimally to the combined risk (1 percent for the intertidal 
scenario, negligibly for the subtidal scenario). 

In addition, radiological risks associated with Parcel F are less than radiological risks 
associated with PAL + background levels. Radiological risks for the recreational user for the 
intertidal and subtidal scenarios (4x10-6 and 6x10-8, respectively) are less than corresponding 
intertidal and subtidal radiological risks associated with PAL + background levels (2x10-5 and 
1x10-5, respectively). Chemical risks associated with Parcel F for the recreational user (4x10-4) 
only slightly exceed ambient chemical risks associated with reference stations (3x10-4). 

A comprehensive analysis was performed to characterize the overall stability of the 
sediment bed in the Parcel F regions of interest. The study concluded that storm waves 
would resuspend only the top few centimeters of sediment and that substantial erosion 
from currents and waves is unlikely at the Berths North and Berths South sample locations. 
The results indicate it is unlikely that significant amounts of radiologically or chemically 
contaminated sediment historically would have been resuspended and transported from 
suspected source areas and deposited elsewhere. 
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The radiological data gap investigations concluded the following: 

1. The Parcel F median radionuclide sediment concentrations were equal to or less than the 
median background concentrations for all six ROCs.  

2. There is a highly statistically significant rejection of the null hypothesis that the median 
ROC concentration in Parcel F exceeds the median ROC concentration in the 
San Francisco Bay reference areas for the intertidal and subtidal exposure scenarios. 

3. No individual sample had ROC concentrations exceeding the PAL + background. 

The surveys at Parcel F are adequate for a scoping and characterization survey of a Class 3 
site, and the sample densities are appropriate for the Wilcoxon Rank Sum test. A Class 3 
survey unit is defined as an area having slight or no potential for residual radioactivity 
(USEPA, 2000). Sample results for all survey units were lower than the PAL, including 
background levels. The results for all three survey units were consistent with the 
background reference area when comparing the mean concentrations. The Wilcoxon Rank 
Sum test indicated that there was no significant difference between the subtidal, intertidal, 
and revetment wall, and the reference area sediment. The Navy has made reasonable effort 
to characterize Parcel F, and no radioactivity in excess of naturally occurring background 
levels has been identified. No additional radiological investigation or remediation for ROCs 
in Parcel F sediment is warranted. 

However, low-level radiological objects or commodities such as radium dials and gauges 
from ship vessels may be present in Parcel F sediments, even though no items were 
discovered during the data gap investigations. Therefore, the Navy has decided that it is 
appropriate to place ICs on Parcel F sediments to manage future dredging activities and to 
ensure the proper assessment of sediments and disposal of potential radiological objects. 
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1.0 Introduction 

This report is an addendum to the Feasibility Study Report for Parcel F, Hunters Point Shipyard, 
San Francisco, California (final FS report for Parcel F) (Barajas, 2008) to address radionuclides 
of concern (ROCs). Parcel F is located at Hunters Point Naval Shipyard (HPNS) in San 
Francisco, California. The location of HPNS is shown on Figure 1-1 (figures are located at 
the end of this document), and the Parcel F boundary is shown on Figure 1-2. Parcel F is the 
offshore area at HPNS and comprises 446 acres of underwater property. The final FS report 
for Parcel F and this addendum are part of ongoing efforts by the United States Department 
of the Navy (Navy) to address hazardous substances at Parcel F in accordance with the 
requirements of the Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA). The intent of this addendum is to determine whether remedial actions are 
necessary to address the ROCs in Parcel F sediments, and if so, to present potential 
remedies. 

As the lead response agency, the Navy has authority over evaluation of remedial 
alternatives, selection of the preferred remedy, and overall public participation at HPNS. 
The Navy is coordinating efforts with the United States Environmental Protection Agency 
(USEPA) Region 9 (lead regulatory agency), the California Department of Toxic Substances 
Control (DTSC), and the San Francisco Bay Regional Water Quality Control Board (Water 
Board) in accordance with a Federal Facility Agreement that provides a procedural 
framework and schedule for the CERCLA cleanup process at HPNS (USEPA et al., 1991). 
The Navy, USEPA, DTSC, and Water Board representatives are collectively referred to as 
the Base Realignment and Closure Cleanup Team (BCT) for HPNS. 

The final FS report for Parcel F focused on evaluating potential remedial options to address 
risks to human health and the environment from exposure to nonradioactive chemicals in 
sediment (Barajas, 2008). A human health risk assessment (HHRA) was completed as part of 
the Final Parcel F Validation Study (Battelle, Blasland, Bouck & Lee, Inc., and Neptune & 
Company, 2005) to estimate risks from exposure to nonradioactive chemicals in sediment 
and shellfish at Parcel F. Risks from exposure nonradioactive chemicals in shellfish were 
refined in the final FS report for Parcel F (Barajas, 2008). After the FS report was finalized, 
radiological investigations of the offshore sediment at Parcel F were performed.(Figure 3-1)   

This document focuses on radionuclides and presents the following: 

 Previously reported characterization data for ROCs at Parcel F  

 Previously reported comparisons of the Parcel F data to the San Francisco Bay reference 
area data  

 Results of previous statistical tests  

 New information that quantifies the potential risk to future site users from exposure to 
ROCs  

 An evaluation of potential cumulative human health risks from chemicals and ROCs  
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 An updated conceptual site model (CSM)  

 The rationale for recommending that institutional controls (ICs) be placed on Parcel F 
sediments as the remedial alternative to manage future dredging activities, and to 
ensure the proper assessment of sediments and disposal of potential radiological devices 
at Parcel F  

This FS addendum re-evaluates the entire historical dataset at Parcel F and provides new 
risk analysis to incorporate ROCs into the risk evaluation at Parcel F. While no unacceptable 
risk from ROCs was identified during the risk evaluations, the Navy has decided that it is 
appropriate to place ICs on Parcel F sediments. Placing ICs will allow for management of 
future dredging activities in light of the potential that low-level radiological objects such as 
radioluminescent dials, gauges, and deck markers could be encountered in dredge spoils. 

This report was prepared in accordance with the National Oil and Hazardous Substances 
Pollution Contingency Plan (Title 40 of the Code of Federal Regulations, Part 300). USEPA 
guidance documents were used to prepare this report, including, but not limited to, the 
following:  

 Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA 
(USEPA, 1988) 

 A Guide to Preparing Superfund Proposed Plans, Records of Decision, and Other Remedy 
Selection Decision Documents (USEPA, 1999) 

  Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM; USEPA, 2000). 

The data collected to date are sufficient to support risk-based decision making under 
CERCLA and are sufficient to support final status determinations following the general 
approach outlined in MARSSIM (USEPA, 2000). 

1.1 Parcel F Study Areas 
Two areas within Parcel F were identified in the Historical Radiological Assessment (HRA) 
(NAVSEA, 2004) as radiologically “impacted.” These areas had two designations, 
“Underwater Areas” and “All Ships’ Berths.” The HRA did not provide the location of 
Underwater Areas in Parcel F on a figure but described it as “underwater areas that 
encompass the property line of the shipyard, and waterways under ships’ docking and 
berthing areas” (NAVSEA, 2004). The locations of impacted sites as shown in the HRA are 
shown on Figure 1-2 and include the All Ships’ Berths Area. 

Subsequent to the HRA, the Phase 2b Technical Memorandum (ITSI, 2013) further 
subdivided Parcel F into smaller areas using various designations, including, but not limited 
to, the Submarine Area, Berth North Area, Berth South Area, South Basin, Submarine and 
Parcel B revetment wall, and the South Basin Experimental Ship Shielding Area (Figures 3-2 
through 3-5). These designations were useful for conducting investigations. For the 
purposes of this addendum to the FS report, Parcel F site boundaries were taken as a whole 
and not subdivided. Structures such as the piers and berths within Parcel F are not part of 
this FS report because they were addressed as time-critical removal actions as specified in 
the Final Basewide Radiological Removal Action, Action Memorandum (Navy, 2006). 
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Because the revetment wall is part of Parcel B, it is not relevant to Parcel F and, therefore, is 
not included within this report. 

1.2 Purpose and Scope 
The purpose of the Remedial Investigation (RI)/FS process is a comparison of remedial 
strategies supported by valid site data and a risk assessment that allows decision makers to 
select ultimately the most appropriate remedy. During the FS process, remedial alternatives 
are developed, as needed, by incorporating medium-specific technologies into cleanup 
alternatives. However, as shown in this report, Parcel F does not have levels of ROCs that 
pose unacceptable risk to human health or the environment; therefore, remedial alternatives 
for ROCs are not presented or evaluated within this addendum.  

1.3 Organization of Addendum 
This addendum has been organized into the following sections: 

 Section 1: Introduction – Identifies the Parcel F study areas; presents the purpose of the 
addendum, identifies the guidance documents used for its preparation; and summarizes 
the organization of the addendum. 

 Section 2: Site Description and Radiological History– Presents a description of HPNS, 
its’ radiological history and the HRA site designation for Parcel F. 

 Section 3: Radiological Investigations – Summarizes the radiological investigations and 
data, CSMs, and Project Action Limits.  

 Section 4: Nature and Extent of Radionuclides – Summarizes the previously reported 
data, results of statistical tests, and the nature and extent of radionuclides within Parcel F.  

 Section 5: Risk Assessment – Summarizes previous human health risk evaluations for 
radionuclides, presents a re-assessment of radiological risks and new estimates of 
cumulative risk based on combined radiological and chemical risks, and summarizes the 
previous ecological risk assessment. 

 Section 6: Sediment Stability – Summarizes results from sediment stability tests 
performed during the data gap investigations to estimate potential for sediment 
resuspension and the likelihood that ROC contaminated sediments were resuspended 
and transported elsewhere within Parcel F. 

 Section 7: Updated Conceptual Site Model – Presents the updated CSM based upon 
results of the investigations and analysis presented in this addendum.  

 Section 8: Findings for No Action for Parcel F Sediment – Presents the rationale and 
conclusions for no further action from radiological constituents in sediments. 

 Section 9: References – Lists the documents and supporting information used to 
prepare this addendum. 

 Appendix A: Updated Human Health Risk Assessment – Chemical Contamination – 
Provides an updated HHRA for exposure to nonradioactive chemicals in sediment and 
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shellfish at Parcel F to reflect revised methods for estimating exposure point 
concentrations (EPCs), revised assumptions for estimating exposure and chemical 
intake, changes to toxicity criteria, and updated risk characterization methods. The 
HHRA was updated as part of this addendum to incorporate the 2014 HHRA Note 1 
(DTSC, 2014).  The results of the updated HHRA for chemical contamination were used 
to estimate cumulative risks based on combined radiological and chemical risks (Section 
5.0 of this report).  
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2.0 Site Description and Radiological History 

This section presents a general description of HPNS and its physical characteristics, 
followed by a summary of the radiological history of Parcel F. Further details are presented 
in the various documents cited herein. 

2.1 HPNS Background 
HPNS is a former Navy installation situated on a peninsula in the southeastern corner of 
San Francisco, California (Figure 1-1). The peninsula is bounded on the north, east, and 
south by San Francisco Bay and on the west by the Bayview Hunters Point district. HPNS 
initially comprised approximately 934 acres, consisting of approximately 488 acres on land 
and approximately 446 acres of offshore sediments. The Navy acquired Hunters Point on 
December 29, 1939. From 1939 to 1944, Hunters Point was also known as United States 
Naval Drydocks Hunters Point. From 1945 to 1974, the Navy used HPNS predominantly for 
ship repair and maintenance. HPNS was deactivated in 1974 and remained relatively 
unused until 1976, when it was leased to Triple A Machine Shop, a private ship repair 
company. In 1986, the Navy resumed occupancy of HPNS. The shipyard was closed in 1991. 
HPNS has a current acreage of 859 (413 acres of land and 446 acres offshore) and is 
subdivided into 11 parcels (Parcels B, C, D-1, D-2, E, E-2, F, G, UC-1, UC-2, and UC-3). 
Former Parcel A was transferred to the City’s redevelopment agency in 2004. The offshore 
portion of HPNS has been designated as Parcel F, which is the subject of this addendum.  

Past shipyard operations left hazardous materials onsite; as a result, HPNS was included on 
the National Priorities List in 1989 as a Superfund site pursuant to CERCLA. In 1991, HPNS 
was designated for closure pursuant to the Defense Base Closure and Realignment Act of 
1990.  

2.2 Environmental Setting 
This section briefly discusses the hydrodynamic setting of HPNS as it relates to Parcel F. 
Sediment stability is discussed separately in Section 6.0. HPNS has an irregular shoreline 
that trends generally in the north-south direction, with an east-west embayment on the 
south side of the peninsula referred to as the South Basin. The water depth along the 
northern shore of HPNS is generally less than 10 feet, increasing to more than 50 feet in the 
shipping channel east of HPNS. The water depths in the southern portion of the study area 
within the South Basin range from 6 feet to less than 2 feet.  

2.3 Radiological History and Parcel F Site Designation 
Sources of Radiation and Shipyard Activities 
A comprehensive history (from 1939 through June 2003) of radiological operations 
conducted by the Navy and Navy contractors at HPNS is presented in the HRA (NAVSEA, 
2004). Potential Radiological Operations at HPNS included three main activities: shipyard 
activities; decontamination of ships and research; and development activities at Naval 
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Radiological Defense Laboratory. While not all of these activities were performed off shore 
in Parcel F, they are important to evaluate in case a transport mechanism resulted in 
radiation reaching Parcel F. This section summarizes the key information and conclusions of 
the HRA. The following principal activities at HPNS were associated with historical 
radiological operations: 

 Repair, use, and disposal of radioluminescent items (such as dials, gauges, and deck 
markers) 

 Gamma radiography for testing materials and calibration laboratory operations to 
ensure the accuracy of radiation survey equipment 

 Decontamination of and scientific research on ships contaminated during atomic 
weapons testing during OPERATION CROSSROADS 

 Use of various radionuclides for scientific research by the Naval Radiological Defense 
Laboratory and its predecessors 

Site Designations at Hunters Point Naval Shipyard 
In addition to documenting the radiological history of HPNS, the Navy uses the HRA as a 
tool to assess the residual effect, if any, that radiological operations may have had on 
buildings, structures, or open areas. Assessments for the potential presence of radioactive 
materials result in designation of a site as “non-impacted” or “impacted.” Non-impacted 
sites are considered to have no reasonable potential for residual radioactive contamination. 
A designation of impacted means the site has potential for radioactive contamination or is 
known to contain radioactive contamination. As described in the HRA, the following are 
impacted sites: 

 Sites where radioactive materials were used or stored 

 Sites where known spills, discharges, or other unusual occurrences involving radioactive 
materials have occurred, or may have occurred, that could have resulted in the release or 
spread of contamination 

 Sites where radioactive materials might have been disposed of or buried 

2.3.1 Potential Mechanisms for Radiological Release to Parcel F 
The following section summarizes information from the HRA (NAVSEA, 2004). The HRA 
cited four potential release mechanisms to Parcel F; radioactive liquid waste discharged via 
the storm drains and sewers to Parcel F, OPERATION CROSSROADS decontamination 
activities, underwater experimentation, stormwater runoff from the Experimental Shielding 
area, and accidental radioactive waste disposal activities from Navy ships. 

Liquid waste containing radium was commonly disposed of via building drain systems to 
sewers. Radium paint shops that repaired and maintained radioluminescent devices were 
likely located at HPNS, although no definitive locations have been established.  

Radioluminescent devices came into wide use beginning in the late 1930s and continuing 
through the war years. Dials and surfaces that needed to be illuminated without using 
electricity were coated with a radioluminescent paint containing radium-226 (Ra-226). This 
mixture would glow, allowing personnel to locate controls, gauges, and walkways during 
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ship operations or on dry docks and piers without the use of an external power source for 
light. Of the radionuclides used in radioluminescent devices, those of potential concern are 
Ra-226 and strontium-90 (Sr-90). Sr-90 was primarily used in deck markers onboard ships.  

The ship berths were used to anchor the ships that came back from Operation Crossroads 
and the dry dock facilities were used for decontamination of the ships in the late 1940s and 
periodically through the 1950s and 1960s for the decontamination of ex-GRANVILLE S. 
HALL (Miscellaneous Auxiliary Service Craft [YAG]-39) and ex-GEORGE EASTMAN 
(YAG-40). YAG-39 and YAG-40 were ex-Liberty ships that provided support for research 
during weapons tests in the Pacific. Ship hulls were decontaminated in dry docks primarily 
using wet sandblast techniques. According to the HRA, while most of the decontamination 
material was collected and disposed at sea, some of it was discharged into the Bay.  

The HRA recommended a final status survey at all ship berths before releasing them for 
unrestricted use because no records were found to show which berths were used for 
anchoring the ships. As previously noted, the berths are being addressed as part of the 
TCRA and not addressed in this report. The HRA also recommended that Bay sediments in 
the vicinity of all ship berths be investigated, which is the focus of this report. 

No additional information is found regarding the nature of underwater experiments or the 
potential for accidental release of radiation from the ships.  

2.3.2 Parcel F Impacted Site Designation 
The HRA designated two general areas within Parcel F as impacted: Underwater Areas and 
All Ships’ Berths. The HRA did not provide boundaries for the Underwater Areas but 
described them as “underwater areas that encompass the property line of the shipyard, and 
waterways under ships’ docking and berthing areas” (NAVSEA, 2004). Figure 1-2 is the 
figure from the HRA that showed the radiologically impacted sites. The impacted site 
assessment was based on historical information indicating that there was potential for 
radiological contamination. The impacted designation was based on limited information 
and can be updated once additional information is collected. No radiological surveys or 
sampling activities had been conducted at Parcel F when the HRA was developed. The HRA 
identified the ROCs in the Underwater Areas as cesium-137 (Cs-137), plutonium-239 
(Pu-239), Ra-226, Sr-90, and uranium-235 (U-235). The HRA identified the same ROCs for 
All Ships’ Berths with the exception of U-235. The Navy added cobalt-60 (Co-60) as an ROC 
for the South Basin area based on Co-60 use at the Experimental Shielding Area adjacent to 
the South Basin. 

The HRA assessment included an evaluation of media and migration pathways for ROCs at 
Parcel F. The HRA designated environmental media’s potential for radiological 
contamination “None” or “Low.” A Low designation was defined as having the potential 
for contamination, and a designation of None was used when historical documentation of 
contamination in the specific medium or migration pathway had not been found. The HRA 
designated sediment in the Underwater Areas and All Ships’ Berths area as having a low 
potential for contamination and a low potential for serving as a migration pathway.  
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2.3.2.1 All Ships’ Berths 
Based on these determinations, the HRA recommended a review of the final status survey 
reports for completed berths and scoping surveys for the remaining areas. Scoping surveys 
and removal actions of the structures (i.e., surfaces of the berths and piers) are being 
performed as specified in the Final Basewide Radiological Removal Action, Action 
Memorandum (Navy, 2006) and are not discussed further in this addendum. Surveys of 
sediment in the vicinity of the ship berths and dry docks was included in the FS radiological 
investigations and is described in Section 3.0 of this addendum. 

2.3.2.2 Underwater Areas  
With respect to the remaining Underwater Areas, the HRA recommended scoping surveys 
in areas where OPERATION CROSSROADS decontamination activities were performed. 
Section 3.0 of this addendum further describes the sediment surveys that were performed 
radiological data gap investigations. 
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3.0 Radiological Investigations 

This section summarizes the radiological investigations and the ecological and human 
health risk assessments that have been conducted for Parcel F. 

3.1 Parcel F Radiological Investigations 
The HRA concluded that six primary ROCs were related to operations potentially impacting 
Parcel F: Cs-137, Co-60, Pu-239/240, Ra-226, Sr-90, and U-235. However, at the time, the 
HRA was prepared and designations regarding impacted areas were made for the HPNS, 
no radiological data had been collected from Parcel F sediments. To address the data gaps 
regarding the nature and extent of radionuclide activity within Parcel F, a two-phased data 
gap investigation was conducted. Phase 1 was a screening survey to characterize the nature 
and extent of ROC concentrations in sediment on a broad scale. The Phase 2 data gap 
investigation was split into two studies—Phase 2a conducted in 2011, followed by Phase 2b 
conducted in 2012. The reference area locations from the San Francisco Bay that were used 
as part of the FS data gap investigation are shown on Figure 3-1. The sampling locations 
were spatially delineated into four areas: (1) the Submarine Base Area (Figure 3-2), (2) the 
Northern Berths Area (Figure 3-3), (3) the Southern Berths Area (Figure 3-4), and (4) South 
Basin (Figure 3-5). Phase 1, Phase 2a and Phase 2b sample locations are shown on 
Figures 3-2 through 3-5. The radiological investigations are summarized in Sections 3.1.1 
through 3.1.3. 

3.1.1 Phase 1 Radiological Screening Survey (2009) 
The primary objective of the Phase 1 radiological investigation conducted in February 2009 
was to provide an initial, broad-scope screening of activity levels in sediment for the six 
ROCs (Cs-137, Co-60, Pu-239/240, Ra-226, Sr-90, and U-235). No document was produced 
during Phase 1; however, the Phase 1 results were presented in the Phase 2a report (Battelle 
and Sea Engineering, 2013). Phase 1 screening locations were positioned to provide 
relatively even spatial coverage across Parcel F, with additional samples collected near 
storm drains and within dry docks, which were documented in the HRA as potential 
sources of radionuclides to Parcel F (Battelle and Sea Engineering, 2013). The Phase 1 
screening survey results were used to develop the subsequent Phase 2 data gap 
investigation sampling approach—that is, Phase 2a and Phase 2b. It is worth noting that the 
Phase I screening survey data that indicated a potential for elevated radionuclide 
concentrations was subsequently found to be biased high due to an onsite laboratory data 
interpretation issue that was later resolved through re-analysis at an offsite laboratory that 
had United States Department of Defense Environmental Laboratory Accreditation and 
California National Environmental Laboratory Accreditation Certifications. This re-analysis 
showed that these results were approximately three times less than previous results for the 
ROC Ra-226 (ITSI Gilbane & SAIC, 2013). The re-analysis is explained further in 
Section 3.1.3. 
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3.1.2 Radiological Data Gap Investigation Phase 2a (2011) 
The objectives of the Phase 2a data gap investigation included evaluation of the following: 
(1) ROC activity in sediment, (2) clam bioaccumulation exposure, (3) sediment stability, and 
(4) risks to human receptors and impacts to biota (Battelle and Sea Engineering, 2013). The 
Phase 2a report documents the results of the Phase 1 and Phase 2a sampling events. The 
sediment sampling activities conducted as part of Phase 2a were focused on the Submarine 
Area and the Berths North Area adjacent to the proposed Parcel B revetment walls (see 
Figures 3-2 through 3-5). Phase 2a work was initiated in the fall of 2011. 

Sample locations for ROC activity in sediment were selected based on two primary 
considerations: (1) a greater sample density within areas of concern (locations originally 
suspected, in error, as having elevated Ra-226 levels) based on Phase 1 results), and 
(2) lower sample density for samples in areas where low ROC activity was measured during 
Phase 1.Additional sediment samples were collected at six reference areas within San 
Francisco Bay (Alameda Buoy, Alcatraz, Bay Farm, Red Rock, Oyster Point, and Paradise 
Cove) to establish background levels of ROC activity in the Bay.  

Clams were deployed at four locations within Parcel F and in three reference areas. 
Locations in Parcel F were selected from those sampled during the Phase 1 screening 
survey; reference sites were selected to cover a range of particle sizes and geographic 
locations. At each deployment location, sediment was collected and placed into three cages 
with a sufficient number of clams (about 30 clams) to provide tissue analysis. Cages from 
two of the reference sites could not be recovered (Red Rock and Alameda Buoy [Figure 3-1]) 
because they became buried in the sediment, resulting in four clam tissue samples from 
Parcel F, one clam tissue reference sample, and one clam tissue control sample. 

Two cores were collected for Sedflume analysis from the Parcel F Submarine Area and the 
Parcel B Revetment wall, shown on Figures 3-2 and 3-3, to characterize erosion rates and 
sediment stability with depth (i.e., to determine the critical shear stresses that represent the 
threshold for sediment resuspension). Particle size distribution and bulk density were also 
measured. This information was used to estimate the potential for resuspension of sediment 
under typical and extreme hydrodynamic conditions. Age dating data were also collected 
from two core locations. These samples were analyzed for beryllium-7, Cs-137, lead-210, 
Ra-226, and thorium-234 to estimate sediment age, accumulation rate, and information on 
the degree of surface sediment mixing. Age dating results confirmed the area as 
depositional and the Sedflume analysis confirmed that the sediment in this area will not 
likely be eroded (Battelle and Sea Engineering, 2013). 

3.1.3 Radiological Data Gap Investigation Phase 2b (2013) 
The final radiological data gap investigation, Phase 2b, was completed in February 2013 
(ITSI Gilbane & SAIC, 2013). This work included investigating the remaining Parcel F areas 
that were not covered in Phase 2a, including portions of the Submarine Area (Figure 3-2), 
Berths North Area (Figure 3-3), Berths South Area (Figure 3-4), and South Basin Area 
(Figure 3-5). The Phase 2b sampling approach was designed to evaluate the same 
parameters as during Phase 2a: (1) ROC activity in sediments, (2) clam ROC exposure and 
bioaccumulation, and (3) sediment stability in these remaining areas. As a result, the 
Phase 2b samples included sediment cores, Sedflume, and age dating analysis, as well as 
clam deployments and associated sediment grabs used for bioaccumulation analysis.  
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Phase 2b also included confirmation sampling at additional locations in the South Basin 
Experimental Ship Shielding Area to delineate any potential Co-60 contamination. The HRA 
designated the Experimental Ship Shielding Area in Parcel E-2 as radiologically impacted 
with Co-60. Although the Experimental Ship Shielding Area is not part of Parcel F, Phase 2b 
collected additional samples in the South Basin adjacent to this area. Confirmation samples 
were also taken in the area of former Piers B and C, which were removed in 2011, to 
document the absence of radiological contamination.  

In addition to the sediment sampling described above, the Phase 2b sediment ROC 
evaluation included a re-analysis of archived 2009 Phase 1 samples that were found to 
contain Ra-226 concentrations exceeding the applicable PAL (intertidal) for Ra-226 of 
1.604 picocuries per gram (pCi/g) (1.0 pCi/g PAL with 0.6039 pCi/g background). The 15 
individual Phase 1 samples identified as having Ra-226 exceedances were analyzed at the 
New World Technology (NWT) onsite radiological laboratory at HPNS (Battelle and Sea 
Engineering, 2013). Following the Phase 1 work plan, 10 percent of all Phase 1 samples were 
also analyzed by offsite by Test America, Inc. a United States Department of Defense 
Environmental Laboratory Accreditation and California National Environmental Laboratory 
Accreditation Certified laboratory, for QA confirmation. Comparative results showed that 
mean Ra-226 values from the NWT onsite radiological laboratory were approximately three 
times greater than mean values reported by Test America, Inc. It was suspected that peak 
overlap from U-235 was measured as part of the Ra-226 peak results at NWT, in turn 
causing the higher levels of Ra-226 recorded for the site samples. As a result of this 
uncertainty, archived Phase 1 samples were reanalyzed in 2013 at Test America, Inc. to 
confirm or reject these exceedances and assess the need for potential step-out sampling.  

Only 11 of the 15 Phase 1 samples had sufficient archived volume for re-analysis. The 
reanalysis results indicated that none of the 11 Phase 1 samples were found to exceed the 
applicable PAL (intertidal) for Ra-226 of 1.604 pCi/g (1.0 pCi/g PAL with 0.6039 pCi/g 
background). Therefore, the original Phase 1 Ra-226 exceedances measured by the HPNS 
onsite radiological laboratory in 2009 were not confirmed, and no Ra-226 exceedances of the 
PAL were detected during the subsequent Phase 2b investigation. Further, 28 additional 
step-out samples associated with the Phase 1 locations that exceeded the PAL (SA05 and 
SB09) were collected, and all the laboratory results had low concentrations of Ra-226 (less 
than 0.7 pCi/g), all of which were less than the PAL for Ra-226. Details of the reanalysis are 
described in the Phase 2b report (ITSI Gilbane & SAIC, 2013). Re-analysis of the sediment 
samples that had Ra-226 concentrations less than PAL were not performed because it was 
assumed that the re-analysis results would be even less than those reported in Phase 1 and 
subsequently the concentrations would still be below the PAL. There is no required holding 
time for Ra-226 analysis in USEPA Method 901.1. Ra-226 has a half-life of 1,600 years; thus, 
the concentrations of the 2013 analysis should essentially be the same as those collected in 
2009.  

The Phase 2b report concluded that the median radionuclide concentrations in sediment in 
Parcel F are less than median background concentrations, the clam tissue analysis indicated 
no evidence of bioaccumulation at Parcel F, ROCs were not detected in clam tissue, and the 
level of stability of site sediments in the Underwater Area is high enough that they are not 
likely to be eroded.  
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3.2 Conceptual Site Models and Radionuclide Evaluation 
The CSMs for Parcel F address two exposure scenarios: an intertidal component and a 
subtidal component, described as follows:  

 The intertidal CSM is defined as areas within the Parcel F boundary from the high tide 
line (mean higher high water (MHHW)3 down in elevation to a water level of less than 
or equal to -3.0 feet mean lower low water (MLLW).4  

 The subtidal CSM is defined as areas within the Parcel F boundary with water levels 
greater than -3.0 feet MLLW.  

During the data gap investigation, the footprint of the revetment wall within and adjacent to 
Parcel B contained sediment to which humans or biota could be exposed, so it was 
evaluated and the data were included in the statistical summaries. The revetment has since 
been constructed and an exposure pathway no longer exists. Because this area is not part of 
Parcel F, it has not been included in this report.  

These CSMs differ in the way that receptors could be exposed to radionuclides in sediment, 
as follows:  

 For the intertidal CSM, humans could be exposed through ingestion of contaminated 
shellfish and sediment, and external exposure to contaminated sediment. Biota could be 
directly exposed to contaminated sediments.  

 For the subtidal CSM, humans are assumed to be present in a boat over contaminated 
sediments. In this scenario, humans are assumed to be shielded by water from direct exposure 
to contaminated sediments but still could be exposed through ingestion of contaminated 
shellfish and sediment. Biota could be directly exposed to contaminated sediments. 

3.3 PALs and Background Reference Area 
PALs were calculated for the radiological investigations based on the exposure pathways 
defined in the intertidal CSM (Figure 3-6) and the subtidal CSM (Figure 3-7). The PALs were 
calculated in the Phase 2a report and are defined as the radionuclide concentrations in 
sediment that correspond with specified lifetime risk levels, such as an excess lifetime 
cancer risk of 10-6 (Battelle, 2013). Radionuclide risk evaluations were conducted during 
Phase 2a and 2b using the PALs. Section 5.0 describes the historical development of the 
PALs in greater detail.  

Background levels of U-235 and Ra-226 are present due to natural radioactivity present in 
the earth’s crust. In addition, Cs-137, Sr-90, and Pu-239 are present in background 
environmental radioactivity from past atmospheric nuclear weapons testing. Co-60 was also 
detected in the background reference areas. Because background levels are not associated 
with activities at HPNS, Table 3-1 (tables are located at the end of this document) presents 
both the PALs and the PAL as increments above background levels (PAL + background 
levels) 

 

                                                      
3 The average of the higher high water height of each tidal day observed over the National Tidal Datum Epoch. Source 

NOAA/National Ocean Services. 
4 The average of the lower low water height of each tidal day observed over the National Tidal Datum Epoch. Source 

NOAA/National Ocean Services. 
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4.0 Nature and Extent of Radionuclides in 
Sediment 

The primary objectives of the radiological data gap investigation assessments (Phase 1, 2a, 
and 2b) were to (1) characterize the horizontal and vertical distribution of the six ROCs in 
Parcel F offshore sediments and (2) compare sample results to ambient levels in reference 
areas of the six ROCs in San Francisco Bay Reference Area sediments. Secondary objectives 
of the radiological data gap investigation assessments were to evaluate ROC tissue 
concentrations and sediment stability. The sediment and tissue data derived from the 
radiological investigations discussed in Section 3.1 were used to evaluate the nature and 
extent of ROCs at Parcel F. The sediment stability analysis is presented in Section 6.0.  

The nature and extent summary presented in this section demonstrates that an adequate 
amount of data exists to support a human health risk assessment based on the current and 
planned future use of Parcel F and determine whether action is required at Parcel F to 
address radionuclides. Comparisons to PAL and background levels are also provided. 
Further details regarding the sampling and analytical methods can be found in the data gap 
investigation technical memoranda (Battelle and Sea Engineering, 2013 for Phase 2a; ITSI 
Gilbane & SAIC, 2013 for Phase 2b). 

As summarized in the following sections, Parcel F sediment has not been impacted by 
radionuclides at levels that warrant remedial action. These findings confirm the initial 
assessment in the HRA, which concluded that there was a low potential for radioactive 
contamination in Parcel F sediments based on historical information and the remote 
migration pathway for sediments. 

4.1 Summary of Parcel F Sediment Radionuclide Data 
The Phase 1, 2a, and 2b radiological investigations conducted within Parcel F included 
advancement of over 300 sediment cores (247 Parcel F cores and 18 reference area cores for 
radionuclide analysis, and 42 cores for physical properties and quality assurance/quality 
control), which generated 1,058 sediment samples for laboratory analysis, 800 of which were 
analyzed for radionuclides. Sampling summaries for each of the investigations are presented 
in the following list: 

 Phase 1 Activities:  

 Parcel F Submarine Area: 10 core locations, 28 sediment samples (Figure 3-2) 
 Parcel F Berth North Area: 34 core locations, 65 sediment samples (Figure 3-3) 
 Parcel F Berth South Area: 12 core locations, 58 sediment samples (Figure 3-4) 
 Parcel F South Basin: 10 core locations, 29 sediment samples (Figure 3-5) 
 Reference: 6 surface grab locations, 6 sediment samples (Figure 3-1) 
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 Phase 2a Activities:  

 Parcel F Submarine: 45 core locations, 169 sediment samples (Figure 3-2) 

 Reference: 18 core locations, 69 sediment samples (Figure 3-1) 

 In situ uptake into clam tissues: 4 locations in Parcel F and 1 reference site 
(Figures 3-2 and 3-3) 

 Sedflume analyses: 2 core locations in Parcel F for determination of sediment 
stability and erosion properties (Figures 3-2 and 3-3) 

 Age Dating: 2 core locations in Parcel F for determination of sediment age and 
deposition rates over time (Figures 3-2 and 3-3) 

 Phase 2b Activities:  

 Parcel F Submarine Area: 14 core locations, 49 sediment samples (Figure 3-2) 

 Parcel F Berth North Area: 53 core locations, 159 sediment samples (Figure 3-3) 

 Parcel F Berth South Area: 30 core locations, 117 sediment samples (Figure 3-4) 

 Parcel F South Basin: 39 core locations, 143 sediment samples (Figure 3-5) 

 Geotechnical and QA/QC: 33 core locations in Parcel F, 166 sediment samples 
(Figures 3-3 and 3-4) 

 In situ uptake into clam tissues: 5 locations in Parcel F and 6 reference sites 
(Figures 3-3 and 3-4) 

 Sedflume analyses: 3 core locations in Parcel F for determination of sediment 
stability and erosion properties (Figures 3-3 and 3-4) 

 Geochronology: 2 core locations in Parcel F, sediment age and deposition rates over 
time (Figures 3-3 and 3-4) 

4.1.1 Radionuclides in Sediment 
ROC concentrations were measured in 247 (out of 300 total) sediment cores collected from 
Parcel F at the locations shown on Figures 3-2 through 3-5. Background ROC concentrations 
in the Bay were determined by measuring ROC concentrations in three sediment cores 
collected from each of the six reference areas shown on Figure 3-1.  

4.1.2 Statistical Analysis of the Radionuclide Distribution 
This section summarizes the statistical comparison of the Parcel F sediment ROC data to 
applicable reference data and PALs that was documented in Section 3.2.1 of the Phase 2a 
Report (Battelle and Sea Engineering, 2013) for Phase 1 and 2a data, and in Section 3.2.1 of 
the Phase 2b Report (ITSI Gilbane & SAIC, 2013) for Phase 2b data.  

The statistical analysis was designed to compare the radionuclide activity levels within the 
sediment in Parcel F to background activity levels in non-impacted San Francisco Bay 
sediment. Background activity levels were defined as the combination of both natural and 
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anthropogenic inputs in areas not affected or influenced by the HPNS. The background data 
was not separated into intertidal or subtidal zones. Specifically, Parcel F sediment data from 
all three phases were statistically compared to sediment data from the six reference areas to 
determine whether the radionuclide activity levels in HPNS Parcel F sediments were 
statistically greater than the background radionuclide activity levels in San Francisco Bay 
sediments concentrations by greater than the PALs (Table 3-1). The PALs, including the 
background values (PAL + background concentration), were used for comparison purposes, 
as discussed in Section 4.0. A more-comprehensive discussion of the statistical design and 
methods is provided in Appendix C of the Phase 2a and 2b reports.  

To determine whether the radionuclide activity levels of the sediments in Parcel F were 
greater than the radionuclide activity levels of the sediments in the background reference 
area by more than the PAL, the Wilcoxon Rank Sum (WRS) test was conducted in the 
Phase 2a and Phase 2 reports following MARSSIM guidance (USEPA, 2000). The WRS test 
(also known as the Mann-Whitney test) is a two-sample, non-parametric statistical 
hypothesis test that assesses whether one dataset (e.g., Parcel F sediment) tends to have 
higher values than another dataset (e.g., reference area sediment). The WRS test can also be 
used to assess whether the values of one dataset are higher than the values of another 
dataset by more than a given constant (such as the PAL).  

Separate WRS tests were performed for each ROC for the intertidal and subtidal CSM 
exposure scenarios for the Phase 1, 2a, and 2b datasets. The Phase 2a report included the 
Phase 1 and 2a datasets combined and the Phase 2b Report includes Phase 2b data only. 
Depending on the exposure scenario being evaluated, the intertidal and subtidal, the PAL 
for a given ROC was added to the ROC concentration for each of the reference area samples. 
The method detection limit was substituted for all reported non-detect results before any 
WRS calculations were performed.  

In addition to a comparison between the reference area data and the PAL, a comparison was 
performed between the reference area background dataset and Parcel F sediment data 
collected from Phase 2b without the inclusion of the PAL (meaning a comparison to 
background). The Phase 2a report did not compare medians without the inclusion of the 
PAL and thus a comparison to background was not reported.  

The historical dataset for the Parcel F radionuclides and background reference area and the 
results of the WRS test are included in the Phase 2a and Phase 2b Reports and are 
summarized in Section 4.1.3. 

4.1.3 Summary of Analytical Results and Statistical Comparisons 
This section summarizes the statistical comparison of Parcel F sediment ROC data to 
site-specific PALs. Analytical data for all sediment samples and corresponding laboratory 
reports have been taken from the Phase 2a and Phase 2b reports. Summary statistics for 
Parcel F and reference area sediment ROC data are provided in Table 4-1. 

Statistical summaries of the number of samples, minimum, median, maximum, and WRS 
test results for each intertidal and subtidal ROC dataset presented in the Phase 2a and 2b 
reports as follows: 

 Phase 1 – Phase 2a Report, Appendix B1, B3, B4 
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 Phase 2a – Phase 2a Report, Appendix B1, B5 
 Phase 2b – Phase 2b Report, Appendix B1, B3 

These results are summarized in Table 4-2. 

Table 4-2 shows that all WRS tests have a p-value of <0.0001, which indicates a highly 
statistically significant rejection of the null hypothesis that the median ROC concentration in 
Parcel F exceeds the median ROC concentration, by more than the PAL, in the San Francisco 
Bay reference areas for intertidal and subtidal exposure scenarios. This means that the 
alternative hypothesis—that the median radionuclide concentration in Parcel F exceeds the 
median background concentration by less than the PAL or does not exceed the median 
background concentration— should be accepted.  

In the Phase 2b Report, the data collected only during Phase 2b was compared to the 
background reference area data. Box plots comparing the Parcel F Phase 2b data to the 
reference dataset for each ROC are provided on Figure 4-1 for Cs-137, Co-60, Pu-239/240, 
and Ra-226 and Figure 4-2 for Sr-90 and U-235 Box Plots (ITSI Gilbane & SAIC, 2013). These 
box plots were reported to support the conclusion that Parcel F radionuclide concentrations 
are not attributable to site-specific conditions. The box plot results indicate that the median 
values of the Parcel F intertidal and subtidal Phase 2b datasets (represented by the 
horizontal line in the middle of the box in the figures) were less than the median value for 
the reference area datasets for Co-60, Ra-226, Sr-90, and U-235. Only the median value from 
the subtidal was more than the median value from the reference area dataset for Cs-137 and 
Pu-239/240. These median values for these two radionuclides do not exceed the background 
concentrations by more than the PAL as described above. Further, the median values for 
both the Phase 2b intertidal and subtidal datasets for all ROCs were substantially lower than 
the listed PALs. The Phase 2b Report concluded that these results indicate that Parcel F 
radionuclide levels are not attributable to site-specific conditions (ITSI Gilbane & SAIC, 
2013).  

The results of the WRS testing and the box plots support the alternative hypothesis that 
median Parcel F ROC levels do not exceed background levels by more than the PALs. In 
addition, the maximums of all individual data points from the Parcel F datasets were 
compared directly to the corresponding PAL. The results of this comparison, provided in 
Table 4-3, show that no individual Parcel F sediment sample had ROC concentrations 
exceeding any of the corresponding PALs. Therefore, no individual Parcel F sediment 
samples had ROC concentrations exceeding the PAL + background (i.e., no ROC 
concentrations presented a risk that exceeded the PAL at 10-6 above background). 

In summary, the following conclusions for Parcel F presented in the Phase 2a and 2b reports 
describe the extent of radionuclides in sediment: 

1. The Parcel F median radionuclide concentrations are equal to or less than the median 
background concentrations including the PALs for all six ROCs.  

2. There is a highly statistically significant rejection of the null hypothesis that the median 
ROC concentration in Parcel F exceeds the median ROC concentration in the 
San Francisco Bay reference areas for the intertidal and subtidal exposure scenarios. 

3. No individual sample had ROC concentrations exceeding the PAL + background. 
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4.1.4 Radionuclides in Clam Tissue 
As part of the data gap investigation sampling activities, clams were deployed and 
recovered from a total of nine Parcel F locations and three reference areas. Tissue 
bioaccumulation results from the Phase 2a (Battelle and Sea Engineering, 2013) and Phase 2b 
(ITSI Gilbane & SAIC, 2013) data gap investigations are presented together with tissue 
ingestion PALs in Table 4-4. 

4.1.4.1 Summary of Tissue Analytical Results 
There was no evidence of bioaccumulation of the ROCs in tissues and no PAL exceedances 
for any of the ROCs. Analytical results indicated that ROCs were not detected in tissue at all 
clam sampling locations, except for two ROCs that were reported as detected at one location 
(Cs-137 and Ra-226 in clams deployed at SA-05). These two results were qualified as 
estimated values below the reporting limit. The tissue results suggest that ROC uptake by 
clams in Parcel F sediment was essentially negligible. As a result, it was not possible to 
develop a dose-response relationship between site sediment concentrations and clam tissue 
bioaccumulation, nor was it possible to calculate a sediment/tissue radionuclide 
concentration factor to support the evaluation of risk from ROC activity in Parcel F 
sediments. However, the analytical results indicate that bioaccumulation of ROCs in clam 
tissue does not pose risk to human health or the environment. The two results qualified as 
estimated concentrations below the reporting limit are 23 times (Ra-226 at SA-05) to 
1,440 times (Cs-137 at SA-05) less than respective PALs, which are protective of human 
health and the environment. Maximum nondetected results for Parcel F samples range from 
20 times (Ra-226 at BS09A) to 17,900 times (Co-60 at SB07A) less than respective PALs. 

4.2 Parcel F Survey Data Evaluation 
This section provides the following: 

 Documents that the characterization work performed for Parcel F is sufficient to support 
the conclusion that radiation in Parcel F sediment is consistent with background (i.e., it 
is not significantly elevated with respect to the reference area), that the residual dose is 
low, and that the sediment does not require further action. 

 Validates that the number of sediment samples used to make decisions are appropriate.  

 Presents the net dose from sediment at the site. 

 Compares the characterization survey data to the applicable reference area distribution.  

 Provides conclusions that reasonable effort has been made to properly characterize the 
sediment and assess any possible residual dose.  

To assess whether the amount of historical sediment data collected (sample densities) is 
sufficient to make decisions, the dataset was evaluated using available guidance that has 
been approved by multiple federal agencies, including USEPA, the Department of Defense, 
Department of Energy (DOE), and the Nuclear Regulatory Commission—namely, 
MARSSIM (USEPA, 2000). Section 5.2.2.2 of MARSSIM provides guidance on how to 
determine that the number of data points being used in statistical tests to make decisions are 
appropriate. The WRS test was used in the data gap investigations following MARSSIM 
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guidance, namely in the Phase 2a and 2b report. MARSSIM provides guidance on how to 
evaluate sediment samples for surveys and radiological release. This flexible guidance is 
used in this FS Addendum as a reference for evaluating historical sample densities. This 
new evaluation is discussed below using the data collected to date and MARSSIM 
terminology to assist decision makers.  

4.2.1 Survey Design 
The Phase 2a and 2b reports describe the methodology for the samples collected within 
Parcel F. This section presents the information needed to confirm that the historical data 
collected were sufficient in quality and quantity to support decisions for release of the site.  

The ROCs were identified in the HRA and data gap investigations and have been measured 
and evaluated within Parcel F during Phase 1, 2a, and 2b investigations. In order to 
determine that the quantity of data collected in the data gap investigations was sufficient, 
the flexible MARSSIM guidance has been used and retroactively applied to the sample 
density at Parcel F. A survey unit is a physical area consisting of a land area of specified size 
and shape for which a separate decision will be made as to whether or not that area exceeds 
the release criterion (MARSSIM Section 2.2). The intertidal and subtidal zones were 
renamed as survey units in this addendum and have been classified as Class 3 survey units 
following the flexible guidance contained in MARSSIM. A Class 3 survey unit is defined as 
an area having slight or no potential for residual radioactivity. Class 3 was assigned because 
the HRA identified contamination as potentially unlikely at Parcel F and historical data 
from the three phases of investigation confirm that no ROCs are greater than PAL plus 
background presented in Table 3-1. There is no size limitation for Class 3 survey units, so 
the size of this investigation area was consistent with its classification.  

A total of 800 samples was analyzed for ROCs in a certified laboratory. The sampling design 
from the data gap investigation was based on professional judgment to include those depths 
that correlate to the time period when a release of radioactive material would have been 
possible, and was consistent with MARSSIM guidance for a Class 3 survey unit.  

The limiting radionuclide for calculating sample densities is Ra -226 for intertidal based on 
the MARSSIM calculations. Ra-226 resulted in the highest number of samples required 
because of the values for the PAL, standard deviation, and factors presented in the 
following list that are inputs into the calculation. The following are the inputs used to 
sample density calculations for Ra-226:  

 PAL including background = 1.6039 pCi/g. This value is conservative and consists of 
the background concentration (0.6039 pCi/g) added to the PAL (1 pCi/g). 

 Lower Bound of the Gray Region (LBGR) = 1 pCi/g, which is equivalent to the PAL of 
1 pCi/g. 

 Derived Concentration Guideline Limit (DCGL) = 1.6039, which is equivalent to the PAL 
plus background. 

 Standard deviation for background Ra-226 concentration in sediment = 0.1601 pCi/g and 

 The WRS test (contaminants present in background).  
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The reference area data show that the ROCs are present in background, so the WRS test was 
used to determine whether survey unit data exceeded background. Using the data inputs 
above, the number of samples per survey unit was calculated at 48. This is significantly 
lower than the number of samples collected within Parcel F of 1,058 samples (with 800 
analyzed for radionuclides) and confirms that the data collected were sufficient in quantity.  

4.2.2 Data Quality 
Appendix C in the Phase 2a report (Battelle and Sea Engineering, 2013) and in Appendix E 
of the Phase 2b report (ITSI Gilbane & SAIC, 2013) provide a thorough evaluation of the 
data gap investigation data quality. Test America St. Louis of Earth City, Missouri analyzed 
the radiological, geochronology, and tissue samples and currently holds a United States 
Department of Defense Environmental Laboratory Accreditation Certification and a 
California National Environmental Laboratory Accreditation Certification. Third party 
validation was performed by Validata Chemical Services of Duluth, Georgia and performed 
a manual USEPA Level III and Level IV review. These reports have been approved by the 
BCT and document that the data were sufficient in quality and quantity to make decisions 
regarding the suitability of the survey unit for release. 
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5.0 Risk Assessment 

Risk assessments were conducted to estimate risks associated with current and potential 
future exposure by human receptors and biota to radionuclides in sediment at Parcel F. The 
risk assessments provide a foundation for assessing the need for further response actions. 

5.1 Radiological Risk Evaluation for Human Health 
Radiological risk evaluations for human health were completed during the Phase 2a and 2b 
investigations using the sediment data collected during these and the Phase 1 investigations. 
In addition, the Phase 2a investigation established human health sediment PALs for ROCs 
at Parcel F for three CSM exposure scenarios (intertidal, subtidal, and revetment wall). The 
PALs were based on several model parameters that were established for human exposure to 
chemical contaminants in the final FS report for Parcel F (Barajas, 2008) and the Final 
Hunters Point Shipyard Parcel F Validation Study Report, San Francisco Bay, California (Battelle 
et al., 2005). The previously established factors included consumption rates, exposure times, 
and other miscellaneous exposure parameters.  

PALs were developed for adult and child recreational users and for construction workers 
based on exposure from ingestion of contaminated shellfish and sediment and external 
exposure to contaminated sediment. In the final FS report for Parcel F (Barajas, 2008), the 
revised shellfish consumption rate of 0.00213 kilogram per day is based on the seafood 
consumption study completed by the San Francisco Estuary Institute (SFEI, 2000) and the 
study by Wong (1997). The SFEI (2001) study reported a value of 48 grams per day (90th 
percentile) for a reasonable maximum exposure (RME) scenario. The SFEI (2001) study was 
based on Wong (1997), which reported that shellfish typically make up only 5 percent of 
total seafood consumption among San Francisco Bay anglers. Adjusting the SFEI (2001) 
study seafood consumption rate by the shellfish-specific percentage reported by Wong 
(1997) resulted in a revised shellfish ingestion rate of 0.00213 kilogram per day. 

The SFEI (2001) study encompassed the San Francisco Bay Area, and not specifically the 
Hunters Point area. Thirty-three percent of overall study respondents were of Asian 
ethnicity; however, this percentage includes respondents for all modes of fishing evaluated 
in the study: fishing, including pier, beach and bank, private boat, and party boat. For 
shore-based modes of fishing (i.e., pier, beach, and bank), more than 50 percent of study 
respondents interviewed at the Candlestick Point study location (just south of the Hunters 
Point area) were of Asian ethnicity (SFEI, 2001). In addition, 45 percent and 42 percent of 
overall study respondents who fished by pier, beach, or bank modes, respectively, were 
Asian (SFEI, 2000). 

PALs were not developed for ingestion of contaminated sport fish through sport fishing 
because of the uncertainties associated with the fish consumption pathway, such as the 
difficulty in linking tissue concentrations in larger sport fish to site-specific sediment 
concentrations. The transfer of radioactive material from sediment to organisms to a human 
was modeled using a concentration factor approach similar to that used in the Environmental 
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Risk from Ionising Contaminants: Assessment and Management (ERICA) Tool for Biota Risks 
(Brown et al., 2008). 

For adult and child recreational users, PALs were calculated for excess lifetime cancer risk 
levels of 10-4, 10-5, and 10-6. Consistent with the Final Basewide Radiological Removal Action, 
Action Memorandum-Revision 2006, Hunters Point Shipyard, San Francisco, California (Navy, 
2006), final PALs were based on an excess lifetime cancer risk of 10-6. For construction 
workers, PALs represent the concentration in sediment that would yield a radiation dose of 
0.1 millirem per year. PALs do not include background levels of radionuclides and therefore 
represent increments above background.  

The following sections describe the human health exposure pathways associated with each 
of the CSM exposure scenarios and summarize the results of the previous human health risk 
evaluations for radionuclides in sediment. In addition, a re-assessment of radiological risks 
for recreational users is provided based on the combined results of the Phase 1, 2a, and 2b 
data gap investigations for radionuclides.  

5.1.1 Conceptual Site Models 
The following sections summarize and describe the receptors and potentially complete 
exposure pathways associated with the intertidal and subtidal CSMs. These exposure 
pathways form the basis of the sediment PALs that were developed for radionuclides for 
Parcel F. The revetment wall CSM, which was part of Parcel F when the human health 
sediment PALs for ROCs were established, is not described because it is now part of Parcel B. 

5.1.1.1 Intertidal 
For the intertidal CSM, adults were assumed to harvest shellfish recreationally. The 
recreational adult receptor was assumed to be externally exposed to contaminated 
sediments while harvesting shellfish, to ingest contaminated sediment incidentally while 
harvesting shellfish, and to eat the shellfish harvested. A similar scenario was evaluated for 
children. As presented in the Parcel F FS (Barajas, 2008), consumption of shellfish was not 
included for children because children under the age of 6 years are unlikely to consume 
shellfish (San Francisco Estuary Institute, 2000). However, children were assumed to be 
externally exposed to contaminated sediments and to ingest contaminated sediments 
incidentally, as they would be while playing on contaminated tidal flats or while 
accompanying their parents who were recreationally harvesting shellfish. Construction 
workers were assumed to be externally exposed to contaminated sediments and to ingest 
contaminated sediments incidentally while working. The exposed individual was assumed 
to stand directly on the sediments for each of the intertidal scenarios; water was assumed to 
not provide significant radiation shielding between the exposed individual and the 
sediments. 

5.1.1.2 Subtidal 
For the subtidal CSM, all receptors (adult recreational user, child recreational user, and 
construction worker) were assumed to be present in a boat over the contaminated sediments 
and to be externally exposed to contaminated sediments shielded by at least 3 feet of water. 
No shielding was assumed to be provided by the boat. Recreational users were also 
assumed to harvest and subsequently consume contaminated shellfish from the boat (adults 
only) and to incidentally ingest contaminated sediments associated with harvesting the 
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shellfish (adults and children). The construction worker was also assumed to be present in a 
boat, and to ingest contaminated sediments incidentally while working. 

5.1.2 Previous Risk Evaluations for ROCs in Sediment 
Risk evaluations were conducted for the six ROCs in sediment (Cs-137, Co-60, Pu-239, 
Ra-226, Sr-90, and U-235) during the Phase 2a and 2b investigations. Results of these risk 
evaluations are summarized in Sections 5.1.2.1 and 5.1.2.2. In addition, an updated 
assessment of risks from exposure to ROCs in sediment is presented in Section 5.1.3, based 
on the combined Phase 1, 2a, and 2b investigation results. 

5.1.2.1 Phase 1 and 2a Investigations 
This section summarizes the methods and results of the risk evaluation for ROCs presented 
in the Phase 2a investigation (Battelle and Sea Engineering, 2013). A sum of fractions 
approach based on the DOE method for evaluating radiation doses to aquatic and terrestrial 
biota (DOE, 2002) was used to estimate health risks for sediment ROCs based on data 
collected during the Phase 1 and 2a investigations for the intertidal, subtidal, and revetment 
wall CSM exposure scenarios (Battelle and Sea Engineering, 2013). As noted in Section 5.1.1, 
the revetment wall exposure scenario is no longer applicable to Parcel F because it is now 
part of Parcel B. 

The sum of fractions approach estimates the cumulative risk from exposure to the six ROCs 
by dividing the sample concentration by the respective PALs for each CSM exposure 
scenario and summing these fractions. Then, the summed fraction for each of the CSM 
exposure scenarios is summed to generate a cumulative summed fraction for all three 
scenarios. If the cumulative sum of fractions was less than 1.0, then the cumulative health 
risk from the six ROCs was deemed acceptable. Because the human health PALs are 
increments above background, mean concentrations for reference areas from the San 
Francisco Bay were subtracted from mean concentrations for each CSM exposure area to 
calculate the fraction of each PAL. For each CSM exposure area and ROC, the most 
conservative PAL for each of the three receptors (adult recreational user, child recreational 
user, construction worker) was used as the PAL for the sum of fractions risk evaluation. 
That is, the risk evaluation was not receptor-specific. Based on this approach, if the 
cumulative sum of fractions based on the most conservative PALs for each receptor was less 
than 1.0, then the cumulative health risks for each individual receptor were also deemed 
acceptable. 

For the Phase 1 and 2a sediment samples, the cumulative sum of fraction results for the all 
three CSM exposure scenarios and all six ROCs was 0.16. This result is less than 1.0; 
therefore, the cumulative human health risk based on potential exposure to the six ROCs 
measured during the Phase 1 and 2a investigations was considered acceptable for each 
receptor. Calculations used for the cumulative sum are presented in Section 3.2.3 and 
Table 1 of the Battelle and Sea Engineering report (2013). 

5.1.2.2 Phase 2b Investigations 
This section summarizes the methods and results of the risk evaluation for ROCs presented 
in the Phase 2b investigation (ITSI Gilbane and SAIC, 2013)(Table 5-1). A sum of fractions 
approach was also used to estimate health risks for sediment ROC data obtained during the 
Phase 2b investigation for the intertidal and subtidal exposure scenarios (ITSI Gilbane and 
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SAIC, 2013). As discussed in Section 3.1.3, archived samples collected during the Phase 1 
screening survey were re-analyzed during the Phase 2b investigation. The re-analysis results 
from Phase 2b replaced the results from Phase 1. Hence, phase 2b ROC data and re-analyzed 
Phase 1 ROC data composed the phase 2b dataset for ROCs. 

The same method used to evaluate risks for the Phase 1 and Phase 2a investigation results 
was used for the Phase 2b risk evaluation. The sum of fractions from the Phase 2b data for 
the intertidal and subtidal exposure scenarios was -0.1399 and -0.0048, respectively. The 
cumulative sum of fractions for all six ROCs for the two CSM exposure scenarios 
investigated in Phase 2b was -0.1447. The negative sum of fractions results for the individual 
and combined CSM exposure scenarios indicates that ROC activity (concentrations) at the 
Phase 2b locations in Parcel F is less than the ROC activity (concentrations) at the reference 
areas in San Francisco Bay. Because these values were all less than 1.0, the cumulative health 
risk based on potential exposure to the six ROCs measured during the Phase 2b 
investigation was considered acceptable for all each receptor.  

5.1.3 Re-assessment of Risks for Phase 1, 2a, and 2b Investigation Results 
As discussed in Section 5.1.2, a sum of fractions approach was used to estimate risks based 
on data for sediment ROCs collected during the Phase 1, 2a, and 2b investigations. The sum 
of fractions approach does not provide cancer risks as estimates of excess lifetime cancer risk 
(e.g., 1 x 10-6, or one additional cancer case in a population of one million people); therefore 
the results from the sum of fractions approach for ROCs cannot be combined with the excess 
lifetime cancer risks estimated for chemicals at Parcel F and cannot be compared with the 
USEPA (1991) range of 10-6 to 10-4 for managing excess cancer risks (i.e., the USEPA risk 
management range). In addition, the sum of fractions approach used was not receptor-
specific. 

For these reasons, risks based on data for sediment ROC-data collected during the Phase 1 
(re-analyzed results only; see Section 3.1.3), 2a, and 2b investigations were re-assessed for 
the intertidal and subtidal scenarios as part of this addendum to the Parcel F FS. The 
re-assessment used an approach that provides receptor-specific estimates of cancer risk for 
each CSM exposure scenario, and provides risk results as estimates of excess lifetime cancer 
risks rather than summed fractions. The results of the re-assessment were combined with 
cancer risk estimates for chemicals to estimate overall health risks from radiological and 
chemical exposure (see Section 5.2 of this FS addendum). The re-assessment was limited to 
adult and child recreational users because the risk-based PALs developed for these 
receptors during the Phase 2a investigation (Battelle and Sea Engineering, 2013) were used 
to calculate cancer risks. PALs for the adult and child recreational user are concentrations 
based on an excess lifetime cancer risk level of 10-6. Construction workers were not included 
in the assessment of radiological risks because the evaluation of exposure for this receptor is 
based on a radiation dose; likewise, PALs for this receptor are based on a radiation dose, 
rather than an excess cancer risk level. 
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The following four steps were used to re-assess ROC risks for the intertidal and subtidal 
scenarios: 

Step 1: Calculate EPCs for each ROC and CSM exposure scenario  
Step 2: Identify receptor-specific PALs 
Step 3: Develop PAL + background concentrations for each ROC 
Step 4: Calculate site radiological risks and PAL + background radiological risks for each ROC 

These steps are detailed in Sections 5.1.3.1 through 5.1.3.4. 

5.1.3.1 Step 1 – Calculate Exposure Point Concentrations for each ROC and CSM Exposure 
Scenario 

The concentration of an ROC that a receptor (e.g., adult recreational user) may be exposed to 
is the EPC. The EPC for each ROC in sediment is represented by the 95 percent upper 
confidence limit (95 UCL) of the mean or the maximum detected concentration. USEPA 
considers the 95 UCL concentration as a conservative upper-bound estimate that is not 
likely to underestimate the mean concentration (USEPA, 1989; USEPA, 1992; USEPA, 2002).  

95 UCLs were calculated for each ROC in intertidal and subtidal sediment using the 
stochastic methods in the USEPA ProUCL software (USEPA, 2013). Data from sediment 
samples collected from the Phase 2a and 2b investigations, and from archived samples 
collected during the Phase 1 screening survey that were re-analyzed during the Phase 2b 
investigation were used in the calculations. 

The procedures in ProUCL identify the statistical distribution type (i.e., normal, lognormal, 
gamma, or nonparametric) for each chemical of potential concern and data grouping (e.g., 
intertidal sediment), and compute the corresponding 95 UCL for the identified distribution 
type. The 95 UCL is used as the EPC unless the calculated 95 UCL is greater than the 
maximum detected concentration or unless the number of samples or number of detected 
results in the data grouping is too small (fewer than five total results or fewer than four 
detected results) to permit estimation of a 95 UCL. If this occurs, then the maximum 
detected concentration is used as the EPC.  

The EPCs calculated using ProUCL are summarized in Table 5-2. For each ROC, Table 5-2 
shows the detection frequency, number of high censored results, arithmetic mean, 
distribution of the data determined by ProUCL (i.e., normal, lognormal, or gamma; data not 
fitting these distributions were treated as nonparametric), maximum detected concentration, 
and resulting EPC. Sufficient sediment data with sufficient detected results are available for 
Parcel F and calculated 95 UCLs did not exceed maximum concentrations; therefore, 
95 UCLs were used as EPCs for all ROCs. 

Table 5-2 also shows the number of negative results for each ROC. Negative results indicate 
that the background activity measured by laboratory instrumentation exceeded the sample 
activity measured by the laboratory. Negative results were replaced with one-half the 
sample-specific method detection limit for calculation of the 95 UCL. Although this 
approach increases the mean and decreases the variability for the sample population, it 
ensures that the resulting 95 UCL is non-negative. 
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5.1.3.2 Step 2 – Identify Receptor-Specific PALs 
Receptor- and CSM exposure scenario (intertidal and subtidal)-specific PALs were used to 
re-assess ROC risks. The PALs are summarized in Table 5-3. 

5.1.3.3 Step 3 – Develop PAL + Background Concentrations for Each ROC 
The receptor-specific PALs for each CSM exposure scenario was added to the ROC-specific 
background concentration to develop “PAL + background” concentrations for each ROC. 
PALs represent increments above background and are based on an allowable excess cancer 
risk level of 1x10-6; the PAL + background concentration is the maximum allowable 
concentration for each ROC, based on exposure to naturally occurring ROC concentrations 
and an allowable increment of excess lifetime cancer risk (1x10-6) above the risk associated 
with naturally occurring levels. 

5.1.3.4 Step 4 – Calculate Site Radiological Risks and PAL + Background Radiological 
Risks for Each ROC 

For each CSM scenario (intertidal, subtidal), radiological risks were calculated using a 
ratiometric (“risk ratio”) approach for the following: 

a. 95 UCL ROC concentrations (calculated in step 1) 
b. PAL + background ROC concentrations (developed in step 2) 

The ratiometric risk calculation approach used to reassess risks is consistent with the 
approach described in USEPA (2014) for estimating risks using pre-calculated, risk-based 
concentrations. For this evaluation, pre-calculated risk-based concentrations were 
represented by the receptor-specific PALs for each ROC. The PALs are based on a target 
excess lifetime cancer risk of 10-6.  

Cancer risks for each ROC were estimated using the following equations: 

Cancer risk = (Csediment/PALsediment)  10-6 

where: 

Csediment = Concentration in sediment (picocuries per gram [pCi/g]) 
PALsediment = Receptor-specific PAL for sediment based on 1x10-6 target excess lifetime 

cancer risk (pCi/g) 

The cumulative risk from exposure to multiple ROCs for each CSM exposure scenario was 
calculated using the following equation: 

Cumulative Riskexposure scenario = 10-6  {Csediment1/PALsediment1 + Csediment2/PALsediment2 + . . . Csedimentn/PALsedimentn} 

For each ROC, the risk estimated for the adult recreational user was added to the risk 
estimated for the child recreational user to calculate the total (adult plus child) risk for the 
recreational receptor. The adult and child risks were summed because cancer risk is 
cumulative over a lifetime of exposure. 

Table 5-3 summarizes the 95 UCL ROC concentrations for each ROC (step 1), the 
receptor-specific PALs (step 2), and the PAL + background concentrations (step 3). For each 
ROC, Table 5-3 presents the site radiological risks based on 95 UCLs for Parcel F ROCs (step 
4a) and the radiological risks based on PAL + background concentrations (step 4b). 
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Table 5-3 also sums the ROC-specific risks to calculate cumulative radiological risks for the 
intertidal and subtidal CSM exposure scenarios.  

5.2 Combined Radiological and Chemical Risk  
This section presents combined cancer risk estimates for Parcel F based on risks from 
exposure to both ROCs and chemical contaminants in sediment. The calculation of 
combined risk from radiological and chemical exposure was completed for this FS 
addendum to estimate the overall potential human health risk associated with the site 
(USEPA, 1989).  

Chemical risks for Parcel F were evaluated as part of the HHRA completed for the Parcel F 
Validation Study (Battelle, Blasland, Bouck & Lee, Inc., and Neptune & Company, 2005) and 
were based on RMEs. RME chemical risks were calculated for a recreational shellfish 
harvesting scenario and for a construction worker scenario for the following five intertidal 
exposure areas (see Figure 1-2 of this FS addendum): 

 India Basin (Area I) 
 Point Avisadero Area (Area III) 
 Eastern Wetland Area (Area VIII) 
 Oil Reclamation Area (Area IX) 
 South Basin Area (Area X) 

Chemical exposure for the recreational shellfish harvesting scenario was based on adult 
shellfish consumption and direct contact with sediment (incidental ingestion and dermal 
contact) and child direct contact with sediment. Chemical exposure for the construction 
worker scenario was based on direct contact with sediment only.  

For this FS addendum report, chemical risks for each of the five intertidal exposure areas 
(Areas I, III, VIII, IX, and X) were revised to reflect updated USEPA and California 
Environmental Protection Agency recommendations for EPCs, exposure assumptions, 
toxicity criteria, and mode of action. The updated chemical HHRA for Parcel F is presented 
in Appendix A. The maximum updated RME chemical risk for the five exposure areas was 
used to estimate combined radiological and chemical risks for both the intertidal and 
subtidal CSM scenarios (see Table 5-4). This approach was used because chemicals risks 
were evaluated for five separate intertidal exposure areas at Parcel F, while radiological 
risks were evaluated for all of Parcel F as a single exposure area. Selecting the highest risk 
from the five exposure areas evaluated for chemical risk results in the most conservative 
estimate of combined chemical and radiological risks for Parcel F. 

Table 5-4 presents the combined radiological and chemical risks for Parcel F. Combined 
risks for Parcel F were calculated for the recreational user for the intertidal and subtidal 
CSM scenarios. Chemical cancer risks were assumed to be the same for intertidal and 
subtidal areas. Combined risks were not calculated for the construction worker because 
evaluation of exposure to ROCs for this receptor is based on a radiation dose, rather than 
estimates of excess cancer risk. Table 5-4 also summarizes RME cancer risks associated with 
PALs of ROCs combined with respective background levels, or “PAL + background” 
concentrations (i.e., Step 4b discussed in Section 5.1.3). The PALs do not include background 
levels of ROCs and represent an incremental level of risk above background. Therefore, the 
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cancer risk associated with the “PAL + background” concentration is the risk associated 
with naturally occurring background levels plus an incremental concentration 
(corresponding to 1x10-6 excess cancer risk) above the background level. RME chemical risks 
associated with ambient levels (i.e., concentrations measured at reference stations, which are 
representative of ambient conditions and not influenced by sources associated with Parcel F) 
are also summarized on Table 5-4. 

The combined risk for the recreational user is 4x10-4 for both the intertidal and subtidal CSM 
exposure scenarios (Table 5-4). The combined risk for the intertidal and subtidal scenarios 
exceeds 10-4, the upper end of the USEPA management range for cancer risks. For both 
scenarios, the chemical risk (4x10-4; Eastern Wetland Area [Area VIII]) contributes to the 
majority of the combined risk and likewise exceeds the upper end of the USEPA risk 
management range. Specifically, the chemical risk contributes to 99 percent of the combined 
risk for the intertidal CSM exposure scenario and to nearly 100 percent of the combined risk 
for the subtidal CSM exposure scenario. Conversely, ROCs contribute to 1 percent of the 
combined risk for the intertidal CSM exposure scenario and negligibly to the combined risk 
for the subtidal CSM exposure scenario.  

In addition, radiological risks associated with Parcel F are less than radiological risks 
associated with PAL + background levels. As shown on Table 5-4, radiological risks for the 
intertidal and subtidal CSM exposure scenarios (4x10-6 and 6x10-8, respectively) are less than 
corresponding intertidal and subtidal radiological risks associated with PAL + background 
levels (2x10-5 and 1x10-5, respectively). Chemical risks associated with Parcel F for the 
recreational user (4x10-4) only slightly exceed ambient chemical risks associated with 
reference stations (3x10-4). Chemical risks associated with Parcel F for the construction 
worker (6x10-6) are the same as ambient chemical risks associated with reference stations 
(6x10-6).  

These comparisons indicate that although combined radiological and chemical risks for the 
recreational user for the intertidal and subtidal CSM scenarios at Parcel F exceed the upper 
end of the USEPA management range for cancer risks, radiological risks at Parcel F do not 
exceed risks associated with PAL + background levels, and chemical risks only slightly 
exceed (recreational user) or are equivalent to (construction worker) risks associated with 
ambient (reference location) levels. As discussed in Section 5.1.3, the PAL + background 
concentration is the maximum allowable concentration for each ROC that has been 
established for Parcel F, and is based on the naturally occurring ROC concentration plus the 
concentration associated with an increment of excess lifetime cancer risk (1x10-6) above 
naturally occurring levels. 

Although assessment of risks for construction workers was limited to chemical risks (see 
Section 5.1.3), exclusion of radiological risk estimates for this receptor does not result in an 
underestimate of site-related (i.e., Parcel F-related) risks. Risks are directly proportional to 
chemical EPCs; therefore, because ROC concentrations at Parcel F are below PAL + 
background concentrations (the maximum allowable concentration for ROCs established for 
Parcel F), risks for ROC concentrations at Parcel F are below corresponding risks for PAL + 
background concentrations.  

The final FS for Parcel F evaluates remedial alternatives to address chemical contamination 
found in sediments at Parcel F (Barajas, 2008). Additional chemical samples will be collected 
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in the vicinity of the former Parcel B piers because these areas were not available for 
sampling previously. This work will be proposed in a separate work plan, and the results 
will be provided in an investigation summary report. 

5.3 Environmental Risk  
Environmental risk was assessed using the ERICA computer code (Brown et al., 2008) to 
determine the potential for impacts to biota. The ERICA tool models the transfer of 
radioactive material from sediment and water to organisms using a concentration factor 
approach. Based on the intertidal and subtidal CSMs for Hunters Point, radiation doses 
were estimated for four marine organisms: 

 Marine birds, representative of the surf scoter 
 Mollusks 
 Benthic fish, representative of the green sturgeon 
 Polychaetes (worms)  

The PALs estimated for biota were higher (less restrictive) than the PALs developed for 
protection of human health (Battelle and Sea Engineering, 2013). Therefore, for purposes of 
this addendum, only PALs for protection of human health were considered. Addressing 
potential risk to human health will also address potential risk to the environment. 
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6.0 Sediment Stability 

Sediment stability evaluations were performed for the Phase 2a and 2b data gap 
investigations. These results were previously reported in Battelle and Sea Engineering 
(2013) and ITSI Gilbane & SAIC (2013). The material presented in this addendum is a 
summary of the earlier reports and does not represent any new investigations. A 
comprehensive analysis was performed to characterize the overall stability of the sediment 
bed in the Parcel F regions of interest. Further details regarding the field data collection and 
data analysis methods can be found in the data gap investigation technical memoranda 
(Battelle and Sea Engineering, 2013; ITSI Gilbane & SAIC, 2013). 

Parcel F sediment samples for ROC analysis were collected at or near suspected 
radionuclide source areas. As discussed in Section 4.0, the sample results indicated that 
ROCs are not present in Parcel F sediments at levels of concern near the suspected source 
areas. The results of the sediment stability evaluation indicate it is unlikely that significant 
amounts of ROC-impacted sediments would have been resuspended, transported away 
from the suspected source areas, and deposited elsewhere.  

Sediment erosion is initiated by bottom shear stress, which is the force exerted on the 
sediment bed by tidal currents, waves, or other forces, such as propeller wash. The critical 
shear stress for erosion is the shear stress at which a small but measurable amount of 
erosion occurs. As the bottom shear stress increases with increasing flow velocity, the 
erosion is more sustained, and particles from the sediment bed move into the overlying 
water column (Blake et al., 2007). 

For the data gap investigations, the critical shear stress for erosion was determined for 
sediments at four locations in Parcel F using Sedflume analysis, as follows: 

 Phase 2a – SA01 (Submarine Area) and BN304 (Parcel B Revetment Area) 
 Phase 2b – BN312 (Berths North Area) and BS04 (Berths South Area) 

Sedflume sample locations are shown on Figures 3-2, 3-3, and 3-4. Critical shear stresses 
were determined for five or six depth intervals in each core. The critical shear stresses 
generally increased with depth because of the consolidation of the sediment.  

The bottom shear stresses in Parcel F from tidal currents and waves under typical and 
extreme (storm) conditions were estimated using information from the Parcel F validation 
study (Battelle et al., 2005) and the Parcel F FS data gap investigation (Battelle et al., 2007). 
Hydrodynamic measurements of waves and currents were collected for 1 month in the 
summer and 1 month in the winter at one location in the Parcel B Revetment Area (Point 
Avisadero) and one location in the South Basin as part of the validation study. These data 
were used to estimate bottom shear stresses in typical weather conditions. The SEDZLJ 
model (Jones and Lick, 2001) was used in the FS data gap investigation to determine the 
bottom shear stresses from storm waves in the South Basin for a 25-year storm. Extreme 
event analysis was based on the best available data, including 8 years of continuous wind 
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data. Data for a 100-year storm are not available for the South Basin. The impact from storm 
events will be evaluated during the remedial design. 

The Phase 2a data gap investigation found that the bottom shear stresses from tidal currents 
in the Submarine Area did not exceed the critical shear stresses determined from the 
Sedflume tests, and concluded that tidal currents were not sufficient to erode bottom 
sediments. The bottom shear stresses from waves periodically exceeded the critical shear 
stress for the surface sediment interval, but not for deeper sediment intervals tested in the 
Sedflume. The report concluded that storm waves would resuspend only the top few 
centimeters of sediment. The Phase 2b data gap investigation concluded that substantial 
erosion from currents and waves is unlikely at the Berths North and Berths South sample 
locations.  

Sediment cores were also collected for geochronology using Cs-137 and Pb-210 in the 
Phase 2a and 2b data gap investigation. The age dating information can be used to estimate 
the net sediment accumulation rate if certain assumptions are met—the sediments have a 
uniform grain size; deposition has been continuous and uninterrupted; and the sediments 
have not been excessively mixed by bioturbation or other processes. The results for two of 
the cores (SA01 in the Submarine Area and BS04 in the Berths South Area) indicated a net 
sediment accumulation rate of about 2 centimeters per year (cm/year). The core from 
BN 312 in the Berths North Area was determined to be unsuitable for dating, and the core 
from BN304 in the Parcel B Revetment Area yielded a net sediment accumulation rate of 
5.8 cm/year, which was considered to be anomalously high and inconsistent with field 
observations. 

In summary, these results indicate it is unlikely that significant amounts of radiologically or 
chemically contaminated sediment historically would have been resuspended and 
transported from suspected source areas and deposited elsewhere. 
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7.0 Updated Conceptual Site Model 

This section presents the updated CSM for Parcel F sediments, integrating results of the FS 
radiological investigations and Parcel F survey results described in Section 4.0. The updated 
CSM includes a summary of the potential sources of radiological contamination and 
contaminant transport pathways. 

7.1 Potential Sources of Radionuclide Contamination to 
Parcel F Sediments 

The HRA indicated that Parcel F sediments may have been historically impacted by 
OPERATION CROSSROADS decontamination operations, radioactive waste disposal 
accidents, contaminated water discharges, and storm and sewer discharge (NAVSEA, 2004). 
OPERATION CROSSROADS ships were decontaminated from 1946 to 1948 at dry docks 3, 
4, and 6 and at various berths. The most effective decontamination method was 
sandblasting the contaminated surfaces of the vessels. The used (or spent) sandblast wastes 
were then accumulated in containers and disposed in the ocean. Other spent sandblast and 
decontamination materials were authorized for disposal to the Bay. After removal of the 
sand from each vessel, the floor was vigorously washed down and the water pumped out of 
the dry dock to the Bay. In addition, from the late 1940s through 1959, the NRDL and HPNS 
conducted radioactive waste disposal operations that involved consolidating waste from 
other military installations and educational institutions, research laboratories, and the 
Atomic Energy Commission. The waste was packaged for disposal in containers that were 
loaded onto barges for shipment to an ocean disposal site near the Farallon Islands. The 
HRA concluded that radiological waste could have been accidently released to Parcel F 
during these waste disposal operations. In addition, small amounts of low-level radioactive 
liquids were authorized for release via the site drainage or sanitary sewer systems into the 
Bay. Because these types of releases were allowed by the regulations of the time, the HRA 
assumed that NRDL most likely disposed of small amounts of low-level liquid effluents 
through the building drains.  

Most of these potential sources of radionuclide contamination either no longer exist or have 
been surveyed and free-released, thereby preventing ongoing or potential future 
contamination of Parcel F sediments. Additionally, past operations at HPNS have not 
resulted in radionuclide contamination of Parcel F sediments in ship docking and berthing 
areas or in the vicinity of outfalls. The Parcel F radiological data gaps investigations 
demonstrated that the sediments do not present unacceptable risk to humans or the 
environment from the six ROCs, and radionuclides were not found at levels of concern in 
surface or subsurface sediments (Battelle and Sea Engineering, 2013; ITSI Gilbane and 
SAIC, 2013). These findings are consistent with the HRA conclusion that Parcel F sediment 
has a low potential for radionuclide contamination (NAVSEA, 2004).  

Sediment core results provide further evidence that even during the most active period at 
the shipyard, radionuclide contamination of the sediment likely did not occur because data 
analysis shows that the sediments do not contain radionuclide concentrations in excess of 
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the PAL including background. Age dating data from previous studies at Parcel F indicated 
an average sedimentation rate of about 1 cm/year (Battelle et al., 2007). This means that 
during the radiological investigations at Parcel F, a depth of approximately 65 cm (or a little 
over 2 feet) would represent the year 1946. To be conservative, the data gap investigations 
collected cores to double that depth to ensure capturing the sediment present in 1946 when 
the sources of radionuclides were most active at HPNS.  

7.2 Contaminant Transport Pathways 
The six ROCs addressed in the Parcel F radiological investigations tend to adsorb to 
sediment particles and if present, would have been transported with Parcel F sediment in 
the San Francisco Bay. The sediment transport environments differ on the south side of 
HPNS in South Basin, and in the areas offshore of the dry docks and berths. South Basin has 
restricted circulation with weak tidal currents. South Basin is an area of net sediment 
accumulation, and the primary source of sediment is suspended sediment from the San 
Francisco Bay. Previous studies have demonstrated that sediment bed in the South Basin is 
relatively stable (Battelle et al., 2007). Any historical release of radiological contamination to 
South Basin most likely would have been buried within the basin; however, the radiological 
data gaps sampling data do not indicate that this type of release occurred. The 
hydrodynamic environment offshore of the dry docks and ship berths is more energetic 
than in South Basin, although conditions are more quiescent within the berths. The age 
dating cores collected as part of the Parcel F data gap investigations indicate that these areas 
experience net sediment accumulation. Given the net depositional environment, some 
evidence of radiological contamination likely would have persisted near the dry docks and 
outfalls if it had occurred.  
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8.0 Findings for Institutional Controls for Parcel 
F Sediment  

The HRA identified the Underwater Areas and All Ships’ Berths as radiologically impacted 
and required scoping surveys in the areas of OPERATION CROSSROADS decontamination 
activities and site outfall discharges, a review of the final status survey reports for 
completed berths, and scoping surveys for the remainder of the berths. OPERATION 
CROSSROADS areas and outfall discharge locations were identified in Parcel F and 
investigated in phased investigations—Phase 1, Phase 2a, and Phase 2b. These 
investigations are described in Section 3.0 and meet the requirement of the required HRA 
scoping surveys.  

The recommendations from the HRA have been implemented. Parcel F sediments have been 
adequately characterized and reasonable effort has been made to investigate the site. The 
Phase 1, 2a, and 2b radiological investigations conducted within Parcel F included 
advancement of more than 300 sediment cores, which generated more than 800 sediment 
samples for radionuclide analysis. 

Cs-137, Co-60, Pu-230/240, Ra-226, Sr-90, and U-235 are the six ROCs in Parcel F. Through 
statistical evaluations, including the WRS test inspection of box plots, and comparisons of 
maximum concentrations to the PAL, the following conclusions were made: 

1. The Parcel F median radionuclide sediment concentrations were equal to or less than the 
median background concentrations for all six ROCs.  

2. There is a highly statistically significant rejection of the null hypothesis that the median 
ROC concentration in Parcel F exceeds the median ROC concentration in the 
San Francisco Bay reference areas for the intertidal and subtidal exposure scenarios. 

3. No individual sample had ROC concentrations exceeding the PAL + background. 

4. Parcel F radionuclide concentrations are not attributable to site-specific conditions and 
are not expected to be toxic. 

5. The clam tissue results suggest that ROC uptake by clams in Parcel F sediment was 
essentially negligible. 

The Navy has made reasonable effort to characterize Parcel F, and the results indicate that 
no radioactivity in excess of naturally occurring background levels has been identified. 
Therefore, the Navy has concluded that there is no risk to human health and the 
environment because of ROCs at HPNS. 

During extensive investigations performed throughout Parcel F, the Navy has not recovered 
any radioluminescent items such as dials, gauges, and deck markers from Parcel F 
sediments. However, based on the CSM for HPNS activities, which include the potential for 
inadvertent disposal of radioluminescent items, the potential remains for these 
radioluminescent items to be present in Parcel F sediments where ships docked during 
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HPNS operations.  Therefore, the Navy has decided that it is appropriate to place ICs on 
Parcel F sediments. ICs will allow for management of future dredging activities in light of 
the potential that low-level radiological objects could be encountered in dredge spoils, and 
will ensure the proper assessment of sediments and disposal of potential 
radiological devices. 
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TABLE 3-1 
PALs and Background Reference Area Concentrations 
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California 

Radionuclide CSM  
Sediment PAL 

(pCi/g)  

Background 
Concentration 

(pCi/g)  

PAL + Background 
Concentration 

(pCi/g)  

Cs-137  Intertidal 1.28 0.0747 1.355 
Subtidal 425 425.1 

Co-60  Intertidal 0.364 0.0426 0.4066 
Subtidal 99.9 99.94 

Pu-239/240  Intertidal 67.8 0.0173 67.82 
Subtidal 68.2 68.22 

Ra-226  Intertidal 1 0.6039 1.604 
Subtidal 22.4 23.00 

Sr-90  Intertidal 9.37 0.1747 9.545 
Subtidal 9.93 10.10 

U-235  Intertidal 4.22 0.2342 4.454 
Subtidal 101 101.2 

Notes:  
Intertidal and Subtidal PALs from Phase 2b (ITSI Gilbane & SAIC, 2013). The PALs including the background values (PAL + 
background concentration) were used for comparison purposes, as discussed in Section 4.0. 
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TABLE 4-1  
Statistical Summary of Radionuclides in Sediment at Parcel F 
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California 

Radionuclide  CSM 
No. of 

Samples  
No. 

Detected  
Percent 
Detected  

Min 
(pCi/g)  

Max Detected 
Concentration 

(pCi/g) Area of Max Station of Max 

Cs-137  Reference Area 69 31 45% 0.0214 0.213 Bay Farm RB02  
Intertidal 246 150 61% 0.0111 0.2480 Submarine Area SA407  
Subtidal 440 424 96% 0.0128 0.2450 Submarine Area SA210 

Co-60 Reference Area 69 4 6% 0.0081 0.1030 Paradise Cove RP03  
Intertidal 246 6 2% 0.0093 0.0452 South Basin Area SB233  
Subtidal 440 24 5% 0.0070 0.0884 Submarine Area SA202 

Pu-239/240  Reference Area 69 15 22% 0.0089 0.0527 Bay Farm RB03  
Intertidal 227 34 15% 0.0085 0.0422 Submarine Area SA205 
Subtidal 431 112 26% 0.0085 0.7530 Berths North BN222 

Ra-226  Reference Area 69 69 100% 0.2120 0.9940 Alameda Buoy RA02 

Intertidal 246 242 98% 0.1880 1.0600 Submarine Area SA101 
Subtidal 440 419 95% 0.0570 1.3800 Submarine Area SA201 

Sr-90  Reference Area 69 12 17% 0.1080 0.2990 Bay Farm RB03 

Intertidal 220 34 15% 0.0655 4.5600 Submarine Area SA218 
Subtidal 416 58 14% 0.0981 0.7590 Berths North BN204 

U-235  Reference Area 69 22 32% 0.1050 0.6220 Paradise Cove RP01 

Intertidal 246 115 47% 0.0443 0.6720 Submarine Area SA106 
Subtidal 440 214 49% 0.0350 0.6970 Submarine Area SA206 

Note: 
Data Source: Battelle and Sea Engineering, 2013, Table 3-4 (Intertidal and Subtidal) and Appendix B1-2, and ITSI Gilbane & SAIC, 2013 Table 3-4 (Intertidal and Subtidal), Table 3-5 
(Reference Area) and Appendix B 
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TABLE 4-2  
Parcel F Sediment Radionuclide Data WRS Test Statistics – Phase 1, 2a, 2b Data 
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California 

 

   Phase 1 and Phase 2a  Phase 2b and Phase 1 Re-Analysis 

Radionuclide CSM 

PAL + 
Background 

(pCi/g) 
No. of 

Samples 
Min 

(pCi/g)  
Median 
(pCi/g) 

Max 
(pCi/g) 

WRS Test 
P-value 

No. of 
Samples 

Min 
(pCi/g)  

Median
(pCi/g) 

Max 
(pCi/g) 

WRS Test 
P-value 

Cs-137  Reference Area NA 69 0.0214 0.0507 0.2130 NA 69 0.0214 0.0507 0.2130 NA  
Intertidal 1.355 103 0.0279 0.0764 0.2480 <0.0001 143 0.0111 0.0297 0.2410 <0.0001  
Subtidal 425.1 104 0.0355 0.1350 0.2450 <0.0001 336 0.0128 0.1145 0.1960 <0.0001 

Co-60 Reference Area NA 69 0.0081 0.0404 0.1030 NA 69 0.0081 0.0404 0.1030 NA  
Intertidal 0.4066 103 0.0099 0.0422 (0.0852)a <0.0001 143 0.0093 0.0211 0.0452 <0.0001  
Subtidal 99.94 104 0.0092 0.0434 (0.1280)a <0.0001 336 0.0070 0.0207 0.0576 <0.0001 

Pu-239/240  Reference Area NA 69 0.0089 0.0176 0.0527 NA 69 0.0089 0.0176 0.0527 NA 

Intertidal 67.82 84 0.0085 0.0189 0.0422 <0.0001 143 0.0086 0.0134 0.0327 <0.0001 
Subtidal 68.22 95 0.0091 0.0238 0.0547 <0.0001 336 0.0085 0.0199 0.7530 <0.0001 

Ra-226  Reference Area NA 69 0.2120 0.6240 0.9940 NA 69 0.2120 0.6240 0.9940 NA 

Intertidal 1.604 103 0.1880 0.6540 2.4894 b <0.0001 143 0.3300 0.5570 0.7830 <0.0001 
Subtidal 23.00 104 0.0570 0.6910 1.8842 b <0.0001 336 0.2440 0.5350 0.7850 <0.0001 

Sr-90  Reference Area NA 69 0.1080 0.1730 0.2990 NA 69 0.1080 0.1730 0.2990 NA 

Intertidal 9.545 84 0.1350 0.1955 4.5600 <0.0001 136 0.0655 0.1440 0.7540 <0.0001 
Subtidal 10.10 95 0.1120 0.1750 0.3100 <0.0001 321 0.0981 0.1430 0.7590 <0.0001 

U-235  Reference Area NA 69 0.1050 0.2010 0.6220 NA 69 0.1050 0.2010 0.6220 NA 

Intertidal 4.454 103 0.0443 0.2000 0.6720 <0.0001 143 0.0548 0.1220 0.3520 <0.0001  
Subtidal 101.2 104 0.0350 0.2255 0.6970 <0.0001 336 0.0676 0.1195 0.3270 <0.0001 

Notes: 
a Maximum concentration equals the method detection limit substituted for a non-detect value. Concentration in table was not detected. 
a Maximum concentration was reanalyzed using an archived sample during the Phase 2b data gap investigation. The reanalysis result from Phase 2b replaced the result 
from Phase 1. 
Data Source: Phase 1 and 2a: Battelle and Sea Engineering, 2013, Appendix B1-2 and Appendix C2 (Intertidal and Subtidal); and Reference Area and Phase 2b and 
Phase 1 Re-Analysis: ITSI Gilbane & SAIC, 2013 Appendix B1 and Table C-1 (Intertidal and Subtidal). 
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TABLE 4-3  
Summary of Individual Sediment Samples Compared to Their PALs Phase 1, 2a, 2b Data 
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California 

Radionuclide CSM 

Max Detected 
Concentration 

(pCi/g) 
PAL 

(pCi/g)

Background 
Concentration 

(pCi/g) 

PAL + 
Background 

Concentration 
(pCi/g) 

No. of 
Exceedances 

of Pal 
+Background 

Station(s) 
Exceeding 

PAL 

Cs-137 Intertidal 0.2480 1.28 0.0747 1.355 0 NA 
Subtidal 0.2450 425 425.1 0 NA 

Co-60 Intertidal 0.0452 0.364 0.0426 0.4066 0 NA 
Subtidal 0.0884 99.9 99.94 0 NA 

Pu-239/240 Intertidal 0.0422 67.8 0.0173 67.82 0 NA 
Subtidal 0.7530 68.2 68.22 0 NA 

Ra-226 Intertidal 1.0600 1 0.6039 1.604 0 NA 
Subtidal 1.3800 22.4 23.00 0 NA 

Sr-90 Intertidal 4.5600 9.37 0.1747 9.545 0 NA 
Subtidal 0.7590 9.93 10.10 0 NA 

U-235 Intertidal 0.6720 4.22 0.2342 4.454 0 NA 
Subtidal 0.6970 101 101.2 0 NA 

Notes: 
a Maximum concentration equals the method detection limit substituted for a non-detect value. Concentration in table was not 
detected. 
b Maximum concentration was reanalyzed using an archived sample during the Phase 2b data gap investigation. The reanalysis 
result from Phase 2b replaced the result from Phase 1. 
Data Source: Battelle and Sea Engineering, 2013, Table 3-4 (Intertidal and Subtidal), Table 3-8, and Appendix B1-2 and ITSI 
Gilbane & SAIC, 2013, Table 3-4 (Intertidal and Subtidal) and Appendix B1. 
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TABLE 4-4  
Tissue Bioaccumulation Results for Macoma nasuta 
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California 

Radionuclide Location 
Data Gap 

Investigation 
Tissue Result

(pCi/g)a 
Tissue 

Qualifierb 
Tissue PALc

(pCi/g) 
Exceeds 

PAL? 
Cs-137 BN-04 Phase 2a 0.0045 U 24.2 No 

SA-05 Phase 2a 0.0168 J No 
SA-07 Phase 2a -0.0002 U No 
SA-08 Phase 2a 0.0178 U No 
SB02A Phase 2b 0.0132 U No 
SB05A Phase 2b 0.0127 U No 
SB07A Phase 2b 0.0151 U No 
BS09A Phase 2b 0.0165 U No 
BN11A Phase 2b 0.0153 U No 

Bay Farm (Ref.) Phase 2a 0.0054 U No 
Paradise Cove (Ref.) Phase 2b 0.0173 U No 
Oyster Point (Ref.) Phase 2b 0.0127 U No 

Co-60 BN-04 Phase 2a 0.0065 U 324 No 
SA-05 Phase 2a -0.0044 U No 
SA-07 Phase 2a -0.0113 U No 
SA-08 Phase 2a -0.0015 U No 
SB02A Phase 2b 0.0156 U No 
SB05A Phase 2b 0.0156 U No 
SB07A Phase 2b 0.0181 U No 
BS09A Phase 2b 0.0180 U No 
BN11A Phase 2b 0.0172 U No 

Bay Farm (Ref.) Phase 2a 0.0063 U No 
Paradise Cove (Ref.) Phase 2b 0.0183 U No 
Oyster Point (Ref.) Phase 2b 0.0158 U No 

Pu-239/240 BN-04 Phase 2a -0.0089 U 4.32 No 
SA-05 Phase 2a 0.0121 U No 
SA-07 Phase 2a -0.0028 U No 
SA-08 Phase 2a 0.0000 U No 
SB02A Phase 2b 0.0284 U No 
SB05A Phase 2b 0.0290 U No 
SB07A Phase 2b 0.0316 U No 
BS09A Phase 2b 0.0417 U No 
BN11A Phase 2b 0.0258 U No 

Bay Farm (Ref.) Phase 2a -0.0028 U No 
Paradise Cove (Ref.) Phase 2b 0.0310 U No 
Oyster Point (Ref.) Phase 2b 0.0398 U No 
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TABLE 4-4  
Tissue Bioaccumulation Results for Macoma nasuta 
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California 

Radionuclide Location 
Data Gap 

Investigation 
Tissue Result

(pCi/g)a 
Tissue 

Qualifierb 
Tissue PALc

(pCi/g) 
Exceeds 

PAL? 
Ra-226 BN-04 Phase 2a -0.0161 U 2.53 No 

SA-05 Phase 2a 0.1100 J No 
SA-07 Phase 2a 0.0167 U No 
SA-08 Phase 2a -0.0029 U No 
SB02A Phase 2b 0.0889 U No 
SB05A Phase 2b 0.0789 UJ No 
SB07A Phase 2b 0.0894 UJ No 
BS09A Phase 2b 0.1263 U No 
BN11A Phase 2b 0.1052 U No 

Bay Farm (Ref.) Phase 2a 0.0199 U No 
Paradise Cove (Ref.) Phase 2b 0.0993 U No 
Oyster Point (Ref.) Phase 2b 0.1001 U No 

Sr-90 BN-04 Phase 2a 0.0225 U 12.7 No 
SA-05 Phase 2a -0.0070 U No 
SA-07 Phase 2a 0.0436 U No 
SA-08 Phase 2a -0.0188 U No 
SB02A Phase 2b 0.0518 U No 
SB05A Phase 2b 0.0599 U No 
SB07A Phase 2b 0.0680 U No 
BS09A Phase 2b 0.0636 U No 
BN11A Phase 2b 0.0569 U No 

Bay Farm (Ref.) Phase 2a -0.0086 U No 
Paradise Cove (Ref.) Phase 2b 0.0597 U No 
Oyster Point (Ref.) Phase 2b 0.0549 U No 

U-235 BN-04 Phase 2a 0.0345 U 11.3 No 
SA-05 Phase 2a -0.0066 U No 
SA-07 Phase 2a -0.0298 U No 
SA-08 Phase 2a -0.0003 U No 
SB02A Phase 2b 0.0020 U No 
SB05A Phase 2b 0.0012 U No 
SB07A Phase 2b 0.0016 U No 
BS09A Phase 2b 0.0016 U No 
BN11A Phase 2b 0.0013 U No 

Bay Farm (Ref.) Phase 2a -0.0451 U No 
Paradise Cove (Ref.) Phase 2b 0.0013 U No 
Oyster Point (Ref.) Phase 2b 0.0016 U No 

Notes: 
a Radionuclide data are presented as measured minus the laboratory documented background concentration for each radionuclide. 
Therefore, negative values indicate samples were measured below the documented laboratory background for that radionuclide. 
b Qualifiers: J = Estimated value detected below the reporting limit; U = Not detected; and UJ = Not detected at the estimated 
reporting limit. 
c Tissue PAL = PALs for ingestion of contaminated shellfish. PAL represents the radionuclide concentrations in shellfish tissue that 
would yield a lifetime human health risk of 10-6. 
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TABLE 5-1 
Summary of Analytical Results for Radionuclides of Concern in Parcel F Intertidal and Subtidal Sediment from Phase 1, 2a, and 2B Data Gap Investigations 
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California 

 

Radionuclide 
of Concern 

CSM 
Exposure 
Scenario 

Phase 2a Data Gap Investigationa Phase 2b Data Gap Investigationb 

Re-Analysis during Phase 2b Data Gap Investigation of 
Phase 1 Samples Exceeding Intertidal CSM PAL for Ra-

226c Phase 1, 2b, and 2b Data Gap Investigations Combined 

Human 
Health 
PAL 

(pCi/g)e

Background 
Concentration 

(pCi/g) 

PAL + 
Background 

Concentration 
(pCi/g) 

Number of 
Samples 

Exceeding PAL + 
Background 

Concentration 
Detection 
Frequency 

Minimum  
Detected 

Concentration 
(pCi/g) 

Maximum  
Detected 

Concentration 
(pCi/g) 

Location of 
Maximum 

Detection 
Frequency 

Minimum  
Detected 

Concentration 
(pCi/g) 

Maximum  
Detected 

Concentration 
(pCi/g) 

Location of 
Maximum 

Detection 
Frequency

Minimum  
Detected 

Concentration 
(pCi/g) 

Maximum  
Detected 

Concentration 
(pCi/g) 

Location of 
Maximum 

Detection  
Frequency 

Minimum 
Detected 

Concentration 
(pCi/g) 

Maximum 
Detected 

Concentration 
(pCi/g)d 

Location of 
Maximum 

Investigation 
Associated 

with 
Maximum 

Cesium-137 Intertidal 54/79 0.0354 J 0.2480 
 

SA407 76/132 -0.0133 
 

0.2410 
 

SB201 7/11 0.0488 0.1190 BN01 137 / 222 -0.0133 0.2480 
 

SA407 Phase 2a 1.28 0.0747 1.355 0 

Subtidal 82/90 0.0471 J 0.2450 
 

SA210 330/336 0.0184 
 

0.1960 
 

SA417 not sampled 412 / 426 0.0184 0.2450 
 

SA210 Phase 2a 425 425.1 0 

Cobalt-60 Intertidal 0/79 ND 
 

ND 
 

-- 25/132 -0.0357 
 

0.0452 
 

SB233 0/11 ND ND -- 25 / 222 -0.0357 0.0452 
 

SB233 Phase 2b 0.364 0.0426 0.4066 0 

Subtidal 6/90 0.0334 
 

0.0884 
 

SA202 23/336 0.00291 
 

0.0576 
 

BN111 not sampled 29 / 426 0.00291 0.0884 
 

SA202 Phase 2a 99.9 99.94 0 

Plutonium-
239/240 

Intertidal 21/79 0.00872 J 0.0422 J SA205 30/132 -0.00419 
 

0.0327 
 

SB216 0/11 ND ND -- 51 / 222 -0.00419 0.0422 J SA205 Phase 2a 67.8 0.0173 67.82 0 

Subtidal 23/90 0.0167 J 0.0547 J SA408 91/336 -0.00208 
 

0.0753 
 

BN222 not sampled 114 / 426 -0.00208 0.0753 
 

BN222 Phase 2b 68.2 68.22 0 

Radium-226 Intertidal 79/79 0.188 J 1.0600 SA101 132/132 0.33 0.7590 SB245 11/11 0.398 0.7830 SB05 222 / 222 0.188 J 1.0600 SA101 Phase 2a 1f 0.6039 1.604 0 

Subtidal 90/90 0.32 J 1.3800 SA201 336/336 0.244 0.7850 BN203 not sampled 426 / 426 0.244 1.3800 SA201 Phase 2a 22.4 23 0 

Strontium-90 Intertidal 26/79 0.177 4.5600 SA218 34/125 -0.0567 0.7540 SB204 0/11 ND ND -- 60 / 215 -0.0567 4.5600 SA218 Phase 2a 9.37 0.1747 9.545 0 

Subtidal 17/90 0.14 0.3100 SA204 54/321 -0.0641 0.7590 BN204 not sampled 71 / 411 -0.0641 0.7590 BN204 Phase 2b 9.93 10.1 0 

Uranium-235 Intertidal 15/79 0.14 0.6720 SA106 82/132 0.0664 0.3520 J SB218 6/11 0.116 0.2840 SB05 103 / 222 0.0664 0.6720 SA106 Phase 2a 4.22 0.2342 4.454 0 
Subtidal 26/90 0.157 0.6970 SA206 179/336 0.0676 0.3270 BS108 not sampled 205 / 426 0.0676 0.6970 SA206 Phase 2a 101 101.2 0 
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TABLE 5-2 
Exposure Point Concentrations for Intertidal and Subtidal Sediment 
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California 

CSM Exposure 
Scenario 

Radionuclide of 
Concern 

Detection  
Frequency 

Number of 
Negative 

Results (a) 

Number of High 
Censored 

Results (b) Units 
Mean of Detected 

Results 
95 UCL (Distribution) 

(c, d) 

Maximum 
Concentration  

(Qualifier) 

Exposure Point Concentration (e) 

Value Statistic Method (f) 

Intertidal Cesium-137 137 / 222 34 0 pCi/g 9.27E-02 6.49E-02 NP 0.248 6.49E-02 95 UCL (1) 
Cobalt-60 25 / 222 87 0 pCi/g 1.23E-02 4.85E-03 NP 0.0452 4.85E-03 95 UCL (2) 

Plutonium-239/240 51 / 222 83 0 pCi/g 1.61E-02 5.22E-03 NP 0.0422 J 5.22E-03 95 UCL (3) 
Radium-226 222 / 222 0 0 pCi/g 5.80E-01 5.93E-01 N 1.06 5.93E-01 95 UCL (4) 
Strontium-90 60 / 215 50 0 pCi/g 3.00E-01 1.31E-01 NP 4.56 1.31E-01 95 UCL (1) 
Uranium-235 103 / 222 11 0 pCi/g 1.74E-01 1.06E-01 NP 0.672 1.06E-01 95 UCL (1) 

Subtidal Cesium-137 412 / 426 2 0 pCi/g 1.21E-01 1.30E-01 NP 0.245 1.30E-01 95 UCL (2) 
Cobalt-60 29 / 426 135 0 pCi/g 3.35E-02 3.29E-03 NP 0.0884 3.29E-03 95 UCL (1) 

Plutonium-239/240 114 / 426 108 0 pCi/g 2.77E-02 1.18E-02 NP 0.0753 1.18E-02 95 UCL (2) 
Radium-226 426 / 426 0 0 pCi/g 5.73E-01 5.82E-01 N 1.38 5.82E-01 95 UCL (4) 
Strontium-90 71 / 411 121 0 pCi/g 2.10E-01 4.60E-02 G 0.759 4.60E-02 95 UCL (5) 
Uranium-235 205 / 426 8 0 pCi/g 1.70E-01 1.19E-01 NP 0.697 1.19E-01 95 UCL (2) 

Notes: 
Data from Phase 2a data gap investigation samples, Phase 2b data gap investigation samples, and Phase 1 samples reanalyzed during the Phase 2b data gap investigation were used to calculate EPCs; see Table 5-1. 
(a) A negative result indicates the background activity measured by laboratory instrumentation exceeded the sample activity.  
(b) Number of censored (nondetect) results that exceeded the maximum detected concentration. These results are excluded from the statistical calculations. 
(c) Negative results were replaced with one-half the sample-specific method detection limit for calculation of the 95 UCL. Although this approach increases the mean and decreases the variability for the sample population, it ensures that the resulting 95 UCL is non-negative. 
(d) The three data distributions considered in ProUCL 5.0 include the normal, lognormal, and the gamma distributions. Shapiro-Wilk (n ≤ 50) and Lilliefors (n > 50) test statistics are used to test for normality or lognormality of a dataset. A 5 percent level of significance was used in all tests. 
Distribution tests were only conducted for samples with at least four detected results. Distributions not confirmed as normal, lognormal, or gamma, or not tested, were treated as nonparametric in all statistical calculations. 
Distribution Codes: G = gamma, LN = lognormal, N = normal, NP = nonparametric 
(e) The 95 UCL is not calculated when there are fewer than five total results or four detected results. If this occurs, then the maximum detected concentration is used as the EPC. The maximum concentration is also used as the EPC if the 95 UCL exceeds the maximum. 
(f) All methods follow USEPA (2002, 2013). 
Method (Statistic) Codes are defined as follows, and indicated the basis for the EPC: 

(1) 95% KM (Percentile Bootstrap) UCL 
(2) 97.5% KM Chebyshev UCL 
(3) 95% KM (t) UCL 
(4) 95% Student's-t UCL 
(5) 95% Approximate Gamma KM-UCL 

95 UCL = One-sided 95 percent upper confidence limit of the mean. Following USEPA (2002, 2013), this may be estimated by either a 95, 97.5, or 99 percent UCL depending on sample size, skewness, and degree of censorship. 
EPC = exposure point concentration 
J = estimated concentration below the laboratory reporting limit 
KM = Kaplan-Meier 
Max = maximum detected concentration 
NA = not applicable 
pCi/g = picocurie(s) per gram 
UCL = upper confidence limit 
References: 
United States Environmental Protection Agency (USEPA). 2002. “Calculating Exposure Point Concentrations at Hazardous Waste Sites.” OSWER 9285.6-10. Office of Emergency and Remedial Response. Washington, DC. December. 
United States Environmental Protection Agency (USEPA). 2013. “ProUCL Version 5.0.00 Technical Guide.” Prepared by Singh, A. and R. Maichle for USEPA Office of Research and Development. EPA/600/R-07/041. September. 
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TABLE 5-3 
Cancer Risks for Radionuclides of Concern in Sediment 
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California 

Radionuclide of 
Concern 

CSM 
Exposure 
Scenario Parcel F EPCa 

PALs by Receptor, Target 
Cancer Risk=1E-06 

(pCi/g)b 

Background Concentration 
(pCi/g) 

PAL + Background Concentration
(pCi/g) Radiological Risk Based on Parcel F EPC 

Radiological Risk Based on PAL + Background 
Concentration 

Adult 
Recreational 

User 

Child 
Recreational 

User 

Adult 
Recreational 

User 

Child 
Recreational 

User 

Adult 
Recreational 

User 

Child 
Recreational 

User 

Recreational 
User (Adult + 

Child) 

Adult 
Recreational 

User 

Child 
Recreational 

User 

Recreational 
User (Adult + 

Child) 

Cesium-137 Intertidal 6.49E-02 1.28  1.31  0.0747 1.355 1.385 5E-08 5E-08 1E-07 1E-06 1E-06 2E-06 
Subtidal 1.30E-01 425  633  425.07 633.07 3E-10 2E-10 5E-10 1E-06 1E-06 2E-06 

Cobalt-60 Intertidal 4.85E-03 0.764  0.364  0.0426 0.8066 0.4066 6E-09 1E-08 2E-08 1E-06 1E-06 2E-06 
Subtidal 3.29E-03 237  99.9  237.04 99.94 1E-11 3E-11 5E-11 1E-06 1E-06 2E-06 

Plutonium-
239/240 

Intertidal 5.22E-03 67.8  70.4  0.0173 67.82 70.42 8E-11 7E-11 2E-10 1E-06 1E-06 2E-06 
Subtidal 1.18E-02 68.2  70.7  68.22 70.72 2E-10 2E-10 3E-10 1E-06 1E-06 2E-06 

Radium-226 Intertidal 5.93E-01 1 [0.277]c  1 [0.362] c  0.6039 1.6039 1.6039 3E-06 2E-06 4E-06 7E-06 4E-06 1E-05 
Subtidal 5.82E-01 22.4  22.9  23.00 23.50 3E-08 3E-08 5E-08 1E-06 1E-06 2E-06 

Strontium-90 Intertidal 1.31E-01 9.37  75.9  0.1747 9.54 76.07 1E-08 2E-09 2E-08 1E-06 1E-06 2E-06 
Subtidal 4.60E-02 9.93  136  10.10 136.17 5E-09 3E-10 5E-09 1E-06 1E-06 2E-06 

Uranium-235 Intertidal 1.06E-01 4.22  54.2  0.2342 4.454 54.43 3E-08 2E-09 3E-08 1E-06 1E-06 2E-06 
Subtidal 1.19E-01 178  101  178.23 101.23 7E-10 1E-09 2E-09 1E-06 1E-06 2E-06 

Cumulative Risk Intertidal 3E-06 2E-06 4E-06 1E-05 1E-05 2E-05 
Subtidal 3E-08 3E-08 6E-08 6E-06 6E-06 1E-05 

Notes: 
a Exposure point concentrations (EPCs) for Parcel F ROCs are based on 95 percent upper confidence limit concentrations calculated from Phase 2a data gap investigation samples, Phase 2b data gap investigation samples, and Phase 1 samples reanalyzed during the Phase 2b data gap 
investigation; see Table 5-2. 
b The PALs shown are receptor-specific, and are based on Tables 2-5 through 2-7 of ITSI & Gilbane (2013). PALs are based on exposure to sediment from shellfish ingestion, incidental ingestion, and external exposure for the adult recreational shellfish scenario. PALs are based on 
exposure to sediment from incidental ingestion and external exposure for the child recreational scenario. Except for Ra-226, the PAL represents the risk-based radionuclide concentration that would yield an excess lifetime cancer risk of 1x10-6. The PAL for Ra-226 is the terrestrial soil PAL of 
1 pCi/g above background. The PALs do not include background and represent increments above background. 
c The PAL for Ra-226 is the terrestrial soil PAL of 1 pCi/g above background (ITSI Gilbane and SAIC, 2013). The value shown in brackets is the risk-based concentrations for Ra-226 corresponding to an excess lifetime cancer risk level of 1x10-6 (0.227 pCi/g for adult recreational shellfish 
scenario; 0.362 pCi/g for child recreational shellfish scenario). The risk-based concentrations for Ra-226 were used in ratiometric equations to estimate radiological risks for Ra-226 based on the 95 UCL ROC concentration for Ra-226 and based on the PAL plus background concentration for 
Ra-226. 
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TABLE 5-4 
Combined Radiological and Chemical Cancer Risks 
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California 

CSM 
Exposure 
Scenario Receptor 

Parcel F Cancer Risk Radiological Risk 
Associated with 

PALs Plus 
Background 

Levelsd 

Chemical Risk 
Associated with 

Ambient 
(Reference 

Stations) Levelse

Parcel F Radiological Risk 
Exceeds Risk Associated 

with PALs Plus 
Background Levels? 

Parcel F Chemical Risk 
Exceeds Risk 

Associated with Ambient 
(Reference Station) 

Levels? 
Radiological 

Riska 
Chemical 

Riskb 
Combined 

Riskc 

Intertidal Recreational 
User 

(Adult+Child) 
4E-06 4E-04 4E-04 2E-05 3E-04 No Yes 

Construction 
Worker 

NC 6E-06 NCf NC 6E-06 -- No 

Subtidal Recreational 
User 

(Adult+Child) 
6E-08 4E-04 4E-04 1E-05 3E-04 No Yes 

Construction 
Worker 

NC 6E-06 NCf NC 6E-06 -- No 

Notes: 
a Radiological risks are calculated in Table 5-3 and are based on data from Phase 2a data gap investigation samples, Phase 2b data gap investigation samples, and Phase 1 data gap 
investigation samples re-analyzed during the Phase 2b data gap investigation. 
b Chemical risks were assessed in BBL (2005); chemical risks were revised to reflect updated USEPA and California Environmental Protection Agency recommendations for EPCs, 
exposure assumptions, toxicity criteria, and mode of action (see Appendix A).The chemical risks shown are for RMEs, and are based on the maximum of the cumulative RME cancer risks 
calculated for each receptor for the five Parcel F exposure areas evaluated (Eastern Wetland Area [Area VIII], India Basin Area [Area I], Oil Reclamation Area [Area IX], Point Avisadero 
Area [Area III], and South Basin Area [Area X]). For the recreational receptor, the maximum chemical cancer risk is based on the Eastern Wetland Area (see Table A-18 of Appendix A). 
For the construction worker receptor, the maximum chemical cancer risk is the same for the following three of five exposure areas (see Table A-18 of Appendix A): Oil Reclamation Area 
(Area IX), Point Avisadero Area (Area III), and South Basin Area (Area X). Chemical cancer risks were assumed to be same for intertidal and subtidal areas. 
c The combined risk is the sum of the radiological risk and the chemical risk. 
d See Table 5-3. 
e See note (d); chemical risks for reference stations were also revised to reflect updated USEPA and California Environmental Protection Agency recommendations for EPCs, exposure 
assumptions, toxicity criteria, and mode of action (see Appendix A). 
f Combined risks for the intertidal and subtidal scenario were not calculated for the construction worker because radiological risks were not estimated for this receptor (see Section 5.1.3).  
Cancer risks shown in boldface exceed 1E-06, the lower end of the USEPA risk management range for cancer risks of 1E-06 to 1E-04. 
-- = Not applicable 
Reference: Battelle, Blasland, Bouck & Lee, Inc. (BBL) and Neptune & Company. 2005. Final Hunters Point Shipyard Parcel F, Validation Study Report, San Francisco Bay, California. 
May 2. 
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FIGURE 3-6 
Intertidal CSM for Parcel F (high tide line to less than or equal to -3.0 feet MLLW) 
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FIGURE 3-7 
Subtidal CSM for Parcel F (greater than -3.0 feet MLLW) 
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FIGURE 4-1 
Cs-137, Co-60, Pu-239/240, and Ra-226 Box Plots for Phase 2b Dataset 

Reference: Figure 3‐6 through 3‐9 (ITSI & Gilbane (2013). 
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FIGURE 4-2 
Sr-90 and U-235 Box Plots for Phase 2b Dataset 

Reference: Figures 3‐10 and 3‐11 (ITSI & Gilbane (2013). 
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1.0 Introduction 
This appendix presents the methods used to update the human health risk assessment 
(HHRA) for chemical exposures at Parcel F. Chemical risks for Parcel F were previously 
assessed as part of the HHRA completed for the Parcel F Validation Study (Battelle, 
Blasland, Bouck & Lee, Inc. and Neptune & Company, 2005), hereafter referred to as the 
2005 HHRA. The 2005 HHRA estimated chemical risks for a recreational shellfish harvesting 
scenario and for a construction worker scenario for the following five exposure areas at 
Parcel F:  

 Eastern Wetland Area 
 India Basin Area I  
 Oil Reclamation Area  
 Point Avisadero Area  
 South Basin Area X  

In addition, risks were estimated based on exposure to reference station (i.e., background) 
concentrations. Risks to adult recreational users were based on exposure from shellfish 
consumption and direct contact with sediment (incidental ingestion and dermal contact). 
Risks to child recreational users and construction workers were based on direct contact with 
sediment. Further information regarding the potential human receptors, chemical transport 
mechanisms, and potentially complete exposure pathways for Parcel F is provided in the 
2005 HHRA (Battelle, Blasland, Bouck & Lee, Inc. and Neptune & Company, 2005). 

In this feasibility study (FS) addendum report, chemical risks are summed with radiological 
risks for Parcel F to estimate the overall potential for excess lifetime cancer risks from 
exposure to contaminated media. In the intervening years since the 2005 HHRA was 
completed, however, toxicity criteria for many of the chemicals of potential concern (COPC) 
at Parcel F have evolved based on additional scientific research. Toxicity criteria form the 
basis for evaluating risk and developing appropriate remedial goals to protect human health 
and the environment in accordance with the Comprehensive Environmental Response, 
Compensation, and Liability Act. In addition, methods and assumptions recommended by 
the United States Environmental Protection Agency (USEPA) and California Department of 
Toxic Substances Control (DTSC) for estimating health risks have been updated. 

Before they were summed with radiological risks, chemical risks for Parcel F were updated 
for the each of the five exposure areas and the reference stations to reflect updated USEPA 
and DTSC methodology for HHRAs. Both reasonable maximum exposure (RME) and 
central tendency exposure (CTE) risks were estimated in the 2005 HHRA; the updated 
HHRA was limited to estimation of RME risks. The maximum updated RME chemical risk 
for the five exposure areas was then used to estimate combined chemical and radiological 
risks for Parcel F (see Section 5.4 of the FS addendum report).  

This appendix discusses the methods used to update the chemical HHRA for Parcel F. 
Approaches used to calculate risks that were unchanged from the 2005 HHRA completed 
for Parcel F are not described; details for these methods are provided in Section 9 and 
Appendices J and Q of the 2005 Parcel F Validation Study (Battelle, Blasland, Bouck & Lee, 
Inc., and Neptune & Company, 2005). 
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The updated chemical HHRA for Parcel F reflects revised methods for estimating exposure 
point concentrations (EPC), revised assumptions for estimating exposure and chemical 
intake, changes to toxicity criteria, and updated risk characterization methods. These 
revisions are discussed Sections 2.0 through 5.0. Results of the updated HHRA are provided 
in Section 6.0. References are listed in Section 7.0. 

2.0 Exposure Point Concentrations 
EPCs for each COPC identified in sediment and clam (Macoma nasuta) samples collected 
from the five exposure areas and the reference stations were revised to incorporate updated 
toxicity equivalency factors (TEFs) for dioxin/furan congeners and to incorporate updated 
methods for calculating 95 percent upper confidence limit of the mean (95UCL) 
concentrations. The updated EPCs are provided in Tables A-1 and A-2. 

2.1 Toxicity Equivalency Factors 
TEFs used in the updated HHRA to estimate 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 
toxicity equivalent (TEQ) concentrations were revised based on TEFs provided by the 
USEPA (2010). The revised TCDD TEQ concentrations are referred to as total TEQ for 
dioxin/furan-like congeners, or “Total TEQ – TCDD DLC,” in the updated HHRA. 

Total TEQ concentrations for the four coplanar polychlorinated biphenyl (PCBs) congeners 
(i.e., PCB-77, PCB 105, PCB 118, and PCB 126) were also calculated in the updated HHRA 
because of the availability of TEFs for these congeners. Evaluation of these PCB congeners 
was limited to total PCBs in the 2005 HHRA; however, these coplanar PCB congeners are 
also associated with dioxin-like toxicity. TEQ concentrations for the coplanar PCB congeners 
are referred to as total TEQ for dioxin-like PCB congeners, or “Total TEQ – PCB DLC” in the 
updated HHRA. 

The chart below summarizes the dioxin/furan and PCB congener TEFs that were revised in 
the updated HHRA. Updated TEFs for congeners that were not analyzed in Parcel F 
samples are not listed. 

Compound 
2005 HHRA TEF (Van 
den Berg et al., 1998) 

Updated HHRA 
TEF (USEPA, 2010) 

1,2,3,7,8-Pentachlorinated dibenzofuran (1,2,3,7,8-PeCDF) 0.05 0.03 
2,3,4,7,8-Pentachlorinated dibenzofuran (2,3,4,7,8-PeCDF) 0.5 0.3 
PCB-105 0.0001 0.00003 
PCB-118 0.0001 0.00003 
   

2.2 95 Percent Upper Confidence Limit Concentrations 
Although goodness-of-fit tests did not conclusively indicate a normal or lognormal 
distribution for exposure area-specific sampling results for COPCs, graphical analysis of the 
combined exposure area and reference data sets during the 2005 HHRA indicated a normal 
distribution (Battelle, Blasland, Bouck & Lee, Inc. and Neptune & Company, 2005). 
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Therefore, the 2005 HHRA calculated 95UCL concentrations for all COPCs using the 
Student’s t-statistic and the USEPA (1992) method for normally distributed data. 

95UCLs were recalculated for the updated HHRA using the stochastic methods in USEPA’s 
ProUCL software (version 5.0.00) and technical guidance (USEPA, 2013). The procedures in 
ProUCL identify the COPC-specific statistical distribution type (e.g., normal, lognormal, 
gamma, or nonparametric) and compute the corresponding 95UCL for the identified 
distribution type. The 95UCL was used in the updated HHRA as the EPC unless the 
calculated 95UCL is greater than the maximum detected concentration or when the number 
of samples or number of detected results in the data grouping is too small (fewer than five 
total results or fewer than four detected results) to permit estimation of a 95UCL. If this 
occurs, then the maximum detected concentration was used as the EPC.  

3.0 Exposure and Chemical Intake 
The updated HHRA incorporates revised exposure assumptions, updated dermal 
absorption factors, and bioavailability for arsenic to estimate exposure and chemical intake. 

3.1 Exposure Assumptions 
Values used in the 2005 HHRA to estimate exposure were largely based on assumptions 
used by USEPA in 2002 to develop preliminary remediation goals (PRGs) for Region 9. The 
USEPA regional screening levels (RSLs) have replaced the USEPA Region 9 PRGs. The 2014 
RSLs (USEPA, 2014a) incorporate revisions made in 2014 by USEPA (2014b) for several key 
exposure parameters, such as adult body weight, exposure skin surface area available for 
contact with soil and sediment, and residential exposure duration. In addition, DTSC (2014) 
has developed exposure assumption recommendations for soil and sediment contact. The 
updated HHRA uses the most conservative values between exposure assumptions used for 
the RSLs (USEPA, 2014a) and DTSC (2014) recommendations for exposure assumptions. For 
some exposure parameters (i.e., body weight and exposure duration) the DTSC (2014) 
recommendations are based on historical USEPA values that have since been replaced by 
newer USEPA (2014) values; the newer USEPA (2014) values are used for these parameters. 

The site-specific ingestion rate for shellfish consumption of 0.048 kilograms per day 
(kg/day) used in the 2005 HHRA was revised in the updated HHRA to 0.00213 kg/day. The 
revised shellfish consumption rate reflects the approach established in the 2008 FS report for 
Parcel F to develop remediation goals for Parcel F (Barajas & Associates, Inc. 2008). 

Table A-3 presents the updated exposure assumptions for direct contact with sediment and 
Table A-4 presents the updated exposure assumptions for shellfish consumption. The 2005 
HHRA exposure assumptions are provided in these tables for comparison purposes; the 
tables also indicate which values were revised for the updated HHRA. 

3.2 Dermal Absorption Factors 
Dermal absorption (ABS) factors used in the 2005 HHRA to estimate chemical intake from 
exposure to COPCs in sediment were based on values used by USEPA in 2002 to develop 
the PRGs. The updated HHRA uses the most conservative ABS factor between those used 
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by USEPA to develop the 2014 RSLs (USEPA, 2014a) and those recommended by DTSC in 
its 2013 preliminary endangerment assessment guidance (DTSC, 2013). 

Table A-5 presents the ABS factors used in the updated HHRA. The 2005 HHRA ABS factors 
are provided in this table for comparison purposes; the table also indicates which factors 
were revised for the updated HHRA. 

3.3 Arsenic Bioavailability  
The 2005 HHRA assumed 100 percent relative bioavailability (RBA) of arsenic when 
exposure results from sediment ingestion. Recent guidance from USEPA (2012) 
recommends a default RBA value of 60 percent be used to adjust intake estimates for 
ingestion of arsenic in soil; this value is also incorporated in the derivation of the 2014 RSLs 
(USEPA, 2014a). Intake estimates for ingestion of arsenic were likewise adjusted in the 
updated HHRA to incorporate the default arsenic RBA of 60 percent. 

4.0 Toxicity Criteria 
The updated HHRA incorporates updated toxicity criteria, adjusts toxicity criteria for 
evaluating dermal exposures, uses toxicity criteria based on surrogate chemicals when 
chemical-specific toxicity criteria are not available, and makes changes to the assumed form 
of chromium present in sediment and clam tissue at Parcel F. 

4.1 Toxicity Criteria  
The 2005 HHRA used the following hierarchy as sources for toxicity criteria: (1) California 
Environmental Protection Agency’s (Cal/EPA) Office of Health Hazard Assessment 
(OEHHA) criteria for carcinogens, (2) USEPA’s Integrated Risk Information System (IRIS), 
and (3) USEPA’s Health Effects Assessment Summary Tables (HEAST). 

USEPA revised its recommendations for the hierarchy of toxicity criteria sources in 2003 
(USEPA, 2003), and further refined its recommendations for the hierarchy of sources during 
subsequent development of the RSLs (USEPA, 2014a). USEPA (2014a) currently 
recommends the following three-tiered hierarchy of sources: 

Tier 1: USEPA’s IRIS  

Tier 2: USEPA’s Provisional Peer-Reviewed Toxicity Values (PPRTV) database.  

Tier 3: Other toxicity values, from the following sources in the order in which they 
are listed:  

a. Agency for Toxic Substances and Disease Registry minimal risk levels  
b. Cal/EPA’s OEHHA online database  
c. USEPA PPRTV appendix screening toxicity values  
d. USEPA’s HEAST 

The updated HHRA used this current (USEPA, 2014a) hierarchy to identify and update 
toxicity criteria, with one exception. The USEPA (2014a) hierarchy includes Cal/EPA-
established criteria as third-tier sources. If the Cal/EPA toxicity criterion for carcinogens 
was more conservative than toxicity criterion for carcinogens from first- and second-tier 
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sources, then the Cal/EPA criterion was used preferentially over the first- and second-tier 
source criterion. This approach provides a conservative estimate of health risks for 
carcinogens because Cal/EPA criteria for some chemicals are more conservative than 
toxicity criteria established by the other sources. This exception to the hierarchy was used to 
evaluate cancer effects only, as the Cal/EPA criteria for evaluation of noncancer effects have 
not undergone the same level of peer review as criteria for evaluation of cancer effects. 

Table A-5 presents the toxicity criteria used in the updated HHRA. The 2005 HHRA toxicity 
criteria are provided in this table for comparison purposes; the table also indicates which 
factors were revised for the updated HHRA. 

4.2 Toxicity Criteria – Dermal Exposure  
Toxicity criteria are not available for the dermal exposure route. The 2005 HHRA used 
route-to-route extrapolations of oral toxicity criteria to evaluate dermal exposures. The 
gastrointestinal (GI) absorption fraction was assumed to be 100 percent for all COPCs; that 
is, oral toxicity criteria were not adjusted for GI absorption fraction in the 2005 HHRA to 
evaluate dermal exposures. 

Current USEPA (2004) guidance recommends that oral toxicity criteria be adjusted for 
evaluation of dermal exposures so that criteria are based on an absorbed dose. Toxicity 
value adjustments are only needed when the GI absorption fraction is less than 50 percent 
(USEPA, 2004).  

USEPA (2004)-recommended GI absorption fractions are summarized in Table A-5. These 
fractions were used in the updated HHRA to adjust oral toxicity criteria for evaluation of 
dermal exposures; the resulting dermal toxicity criteria are also shown on Table A-5. GI 
absorption fractions are not available for all COPCs. In the absence of information; the GI 
absorption fraction was assumed to be 1 (i.e., 100 percent) and oral toxicity criteria were not 
adjusted to evaluate dermal exposures. 

4.3 Surrogate Chemicals 
The 2005 HHRA did not estimate health risks for COPCs that did not have USEPA- or 
Cal/EPA-established toxicity criteria. The updated HHRA used chemical surrogates to 
address data gaps in the risk estimates resulting from lack of toxicity criteria for some 
COPCs. Chemical surrogates were selected based on structural similarity to the COPCs that 
lack toxicity criteria. The chemical surrogates used to identify toxicity criteria in the updated 
HHRA are listed in Table A-5. 

4.4 Chromium 
Chromium is a COPC in sediment and clam (Macoma nasuta) tissue. In the absence of 
speciation data, the 2005 HHRA assumed all chromium in sediment and clam tissue was 
present as hexavalent chromium for estimating health risks. Hexavalent chromium is 
considered a carcinogen (USEPA, 2014a). However, chromium in reducing or even mildly 
oxidizing conditions in aquatic environments is present primarily as trivalent chromium 
because these conditions do not provide stability for chromium in the hexavalent state 
(Rifkin, et. al., 2004). Under the anoxic conditions present in most sediments, hexavalent 
chromium is readily reduced to the trivalent form by a number of naturally-occurring 
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chemical and microbial species. Natural chemical reductants include reduced iron and 
sulfur species as well as organic sediment constituents. Once formed, trivalent chromium 
has very low solubility at mid-range pH values due to the formation of Cr(OH)3. Oxidation 
of trivalent to hexavalent chromium does not readily occur, even in the presence of possible 
oxidants such as oxygen or MnO2, due to the general reductive capacity of the sediments 
(Sorensen, et al., 2010; Truex, et al., 2015). For this reason, the updated HHRA based toxicity 
criteria for chromium on trivalent chromium. Trivalent chromium is only associated with 
noncancer effects (USEPA, 2014a). 

5.0 Risk Characterization 
The updated HHRA incorporates mutagenic mode of action to estimate cancer risks, revises 
the methodology used to estimate cumulative cancer risks and noncancer hazards for 
recreational user contact with sediment, and confirms the approach for characterizing health 
effects for lead. 

5.1 Mutagenic Mode of Action 
Seven carcinogenic PAHsbenzo(a)anthracene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-
cd)pyrenewere identified as COPCs. These cancer-causing chemicals operate by a 
mutagenic mode of action. It is believed that chemicals with a mutagenic mode of action 
may exhibit a greater effect in early life versus later-life exposure. Cancer risk to children 
from exposure includes early life exposures that may result in the occurrence of cancer 
during childhood or that may contribute to cancers later in life (USEPA, 2005). The 
following USEPA (2005) default age-dependent adjustment factors (ADAFs) are used to 
estimate cancer risks in the updated HHRA for mutagenic COPCs. USEPA (2005) equations 
for incorporating these ADAFs to estimate intake of mutagenic COPCs are shown in 
Table A-3. 

 A 10-fold adjustment for ages 0 to less than 2 years 
 A 3-fold adjustment for ages 2 to less than 16 years 
 No adjustment for ages 16 years and older 

Adjustment to cancer risks for mutagenic COPCs using ADAFs was not done in the 2005 
HHRA.  

5.2 Cumulative Cancer Risk Estimates 
Cumulative cancer risks for direct contact with sediment for recreational users were 
estimated in the 2005 HHRA solely based on cancer risks for the adult recreational user. For 
the updated HHRA, cumulative cancer risks for recreational user direct contact with 
sediment were calculated by summing direct contact cancer risks for both the adult and 
child recreational users. This approach was used because cancer risks are cumulative over a 
lifetime of exposure (USEPA, 1989). This approach is also consistent with the method 
USEPA uses to develop residential RSLs, which include evaluation of adult and child 
exposures, for chemicals with cancer effects (USEPA, 2014a). Evaluation of construction 
worker exposure to sediment from direct contact was not affected by this change. 
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5.3 Cumulative Noncancer Hazard Estimates 
The cumulative noncancer hazard for direct contact with sediment for recreational users 
was estimated in the 2005 HHRA based on the total noncancer hazard index (HI) for the 
adult recreational user. For the updated HHRA, the cumulative noncancer hazard for 
recreational users was based on the total HI for the child recreational user. This approach 
was used because intake of sediment from incidental ingestion and dermal contact per unit 
body mass is higher for children than for adults; thus, noncancer HIs for a child recreational 
user are always higher than noncancer HIs for an adult recreational user. This approach is 
also consistent with the method USEPA uses to develop residential RSLs, which is limited to 
evaluation of child exposures for chemicals with noncancer effects (USEPA, 2014a). 
Evaluation of construction worker exposure to sediment from direct contact was not 
affected by this change. 

5.4 Lead 
The 2005 HHRA evaluated the potential for health effects from exposure to lead in sediment 
and clam (Macoma nasuta) tissue by comparing the range of detected concentrations for lead 
with the USEPA 2002 residential PRG for lead in soil of 400 milligrams per kilogram 
(mg/kg). As discussed in Section 3.1, the USEPA PRGs have been replaced by USEPA RSLs; 
the current USEPA (2014) residential RSL for lead is the same as the 2002 PRG (400 mg/kg). 
However, as indicated in the 2005 HHRA, this screening concentration for lead is based on a 
target blood lead level concentration and lead uptake modeling for exposure to lead in soil, 
drinking water, homegrown produce, and respirable dust and air. The uptake modeling 
was not designed to predict blood lead levels associated with seafood consumption or from 
contact with sediment (Battelle, Blasland, Bouck & Lee, Inc. and Neptune & Company, 
2005). Despite this difference, the 2005 HHRA found that concentrations of lead at Parcel F 
were lower than the health-protective concentration of 400 mg/kg and further evaluation of 
lead was therefore not warranted. For this reason, health effects from exposure to lead were 
not re-evaluated in the updated HHRA. 

6.0 Risk Results 
The updated cancer risk and noncancer HI results for the recreational user (direct contact 
with sediment, shellfish consumption) and construction worker (direct contact with 
sediment) scenarios are presented in the following tables: 

 Eastern Wetland Area: Tables A-6A through A-7C 
 India Basin Area I: Tables A-8A through A-9C 
 Oil Reclamation Area: Tables A-10A through A-11C 
 Point Avisadero Area: Tables A-12A through A-13C 
 South Basin Area X: Tables A-14A through A-15C 
 Reference Stations: Tables A-16A through A-17C 

Table A-18 provides an overall summary of the updated cumulative cancer risk and 
noncancer HI results. Table A-19 compares the updated HHRA results with the results for 
the 2005 HHRA. The same format used for the summary tables in the 2005 HHRA was used 
for the comparison summary in Table A-19 for comparability. 
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Cumulative cancer risk and noncancer HI estimates in Table A-18 are presented to one 
significant figure in accordance with USEPA (1989) guidance. However, Tables A-6A 
through A-17C show chemical-specific risk and HI results to two significant figures to aid 
review of the risk calculations. Table A-19 shows both cumulative and chemical-specific risk 
and HI results to two significant figures for comparability with the results provided in the 
2005 HHRA. 
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TABLE A-1
Exposure Point Concentration Summary for Sediment

Scenario Timeframe:  Current and Future
Medium:  Sediment
Exposure Medium:  Sediment

Value Units Statistic (d) Method (e)

Sediment Eastern Wetland Area Metals
Aluminum 7429-90-5 mg/kg 8 / 8 0 4.20E+04 5.51E+04 6.40E+04 N 7.49E+04 6.40E+04 mg/kg 95UCL (2)
Antimony 7440-36-0 mg/kg 8 / 8 0 6.42E-01 1.21E+00 2.77E+00 NP 3.64E+00 2.77E+00 mg/kg 95UCL (4)
Arsenic 7440-38-2 mg/kg 8 / 8 0 5.18E+00 8.12E+00 9.69E+00 N 1.11E+01 9.69E+00 mg/kg 95UCL (2)
Barium 7440-39-3 mg/kg 8 / 8 0 3.32E+02 3.92E+02 4.24E+02 N 4.58E+02 4.24E+02 mg/kg 95UCL (2)
Cadmium 7440-43-9 mg/kg 8 / 8 0 1.84E-01 2.34E-01 2.59E-01 N 2.71E-01 2.59E-01 mg/kg 95UCL (2)
Chromium 7440-47-3 mg/kg 8 / 8 0 1.58E+02 2.36E+02 2.90E+02 N 4.00E+02 2.90E+02 mg/kg 95UCL (2)
Cobalt 7440-48-4 mg/kg 8 / 8 0 1.27E+01 1.55E+01 1.74E+01 N 1.88E+01 1.74E+01 mg/kg 95UCL (2)
Copper 7440-50-8 mg/kg 8 / 8 0 1.20E+01 3.11E+01 4.11E+01 N 5.28E+01 4.11E+01 mg/kg 95UCL (2)
Iron 7439-89-6 mg/kg 8 / 8 0 2.21E+04 3.34E+04 3.94E+04 N 4.65E+04 3.94E+04 mg/kg 95UCL (2)
Lead 7439-92-1 mg/kg 8 / 8 0 1.57E+01 2.14E+01 2.47E+01 N 2.98E+01 2.47E+01 mg/kg 95UCL (2)
Manganese 7439-96-5 mg/kg 8 / 8 0 4.28E+02 4.95E+02 5.35E+02 N 5.79E+02 5.35E+02 mg/kg 95UCL (2)
Mercury 7439-97-6 mg/kg 8 / 8 0 8.08E-02 1.61E-01 2.18E-01 N 2.86E-01 2.18E-01 mg/kg 95UCL (2)
Molybdenum 7439-98-7 mg/kg 8 / 8 0 3.81E-01 7.38E-01 9.47E-01 N 1.17E+00 9.47E-01 mg/kg 95UCL (2)
Nickel 7440-02-0 mg/kg 8 / 8 0 5.96E+01 7.41E+01 8.53E+01 N 9.75E+01 8.53E+01 mg/kg 95UCL (19)
Selenium 7782-49-2 mg/kg 3 / 8 0 3.05E-01 3.94E-01 3.39E-01 NP 4.71E-01 3.39E-01 mg/kg 95UCL (12)
Silver 7440-22-4 mg/kg 7 / 8 0 7.32E-02 2.09E-01 2.81E-01 NP 3.97E-01 2.81E-01 mg/kg 95UCL (12)
Vanadium 7440-62-2 mg/kg 8 / 8 0 8.14E+01 1.15E+02 1.38E+02 N 1.62E+02 1.38E+02 mg/kg 95UCL (2)
Zinc 7440-66-6 mg/kg 8 / 8 0 4.70E+01 9.05E+01 1.09E+02 N 1.27E+02 1.09E+02 mg/kg 95UCL (2)
Pesticides
4,4'-DDD 72-54-8 mg/kg 6 / 8 0 2.10E-04 6.03E-04 7.43E-04 NP 1.03E-03 7.43E-04 mg/kg 95UCL (12)
4,4'-DDE 72-55-9 mg/kg 8 / 8 0 2.00E-04 5.89E-04 8.73E-04 N 1.19E-03 8.73E-04 mg/kg 95UCL (2)
4,4'-DDT 50-29-3 mg/kg 3 / 8 0 1.20E-04 3.23E-04 2.93E-04 NP 5.30E-04 2.93E-04 mg/kg 95UCL (12)
alpha-Chlordane 5103-71-9 mg/kg 3 / 8 0 1.10E-04 1.37E-04 1.18E-04 NP 1.50E-04 1.18E-04 mg/kg 95UCL (12)
gamma-Chlordane 5566-34-7 mg/kg 1 / 1 7 2.00E-05 2.00E-05 N/A -- 2.00E-05 2.00E-05 mg/kg Max (1)
PAHs
2-Methylnaphthalene 91-57-6 mg/kg 8 / 8 0 1.59E-03 3.59E-03 4.89E-03 N 6.39E-03 4.89E-03 mg/kg 95UCL (2)
Acenaphthene 83-32-9 mg/kg 8 / 8 0 6.80E-04 2.77E-03 4.38E-03 N 6.24E-03 4.38E-03 mg/kg 95UCL (2)
Acenaphthylene 208-96-8 mg/kg 8 / 8 0 1.09E-03 4.57E-03 6.57E-03 N 8.54E-03 6.57E-03 mg/kg 95UCL (2)
Anthracene 120-12-7 mg/kg 8 / 8 0 2.91E-03 2.05E-02 3.19E-02 N 4.32E-02 3.19E-02 mg/kg 95UCL (2)
Fluorene 86-73-7 mg/kg 8 / 8 0 1.29E-03 4.32E-03 6.36E-03 N 8.61E-03 6.36E-03 mg/kg 95UCL (2)
Naphthalene 91-20-3 mg/kg 6 / 8 0 4.63E-03 1.01E-02 1.18E-02 NP 1.60E-02 1.18E-02 mg/kg 95UCL (12)
Phenanthrene 85-01-8 mg/kg 8 / 8 0 1.18E-02 5.77E-02 8.86E-02 N 1.33E-01 8.86E-02 mg/kg 95UCL (2)
Benzo(a)anthracene 56-55-3 mg/kg 8 / 8 0 1.09E-02 6.12E-02 9.32E-02 N 1.28E-01 9.32E-02 mg/kg 95UCL (2)
Benzo(a)pyrene 50-32-8 mg/kg 8 / 8 0 2.16E-02 9.64E-02 1.43E-01 N 1.97E-01 1.43E-01 mg/kg 95UCL (2)
Benzo(b)fluoranthene 205-99-2 mg/kg 8 / 8 0 1.36E-02 5.90E-02 8.84E-02 N 1.18E-01 8.84E-02 mg/kg 95UCL (2)
Benzo(g,h,i)perylene 191-24-2 mg/kg 8 / 8 0 2.11E-02 8.35E-02 1.24E-01 N 1.66E-01 1.24E-01 mg/kg 95UCL (2)
Benzo(k)fluoranthene 207-08-9 mg/kg 8 / 8 0 1.56E-02 6.30E-02 9.31E-02 N 1.29E-01 9.31E-02 mg/kg 95UCL (2)
Chrysene 218-01-9 mg/kg 8 / 8 0 1.64E-02 7.47E-02 1.13E-01 N 1.56E-01 1.13E-01 mg/kg 95UCL (2)
Dibenz(a,h)anthracene 53-70-3 mg/kg 8 / 8 0 1.49E-03 8.09E-03 1.22E-02 N 1.56E-02 1.22E-02 mg/kg 95UCL (2)
Fluoranthene 206-44-0 mg/kg 8 / 8 0 3.71E-02 1.35E-01 1.99E-01 N 2.76E-01 1.99E-01 mg/kg 95UCL (2)
Indeno(1,2,3-cd)pyrene 193-39-5 mg/kg 8 / 8 0 1.72E-02 7.45E-02 1.12E-01 N 1.50E-01 1.12E-01 mg/kg 95UCL (2)
Pyrene 129-00-0 mg/kg 8 / 8 0 4.64E-02 1.79E-01 2.62E-01 N 3.59E-01 2.62E-01 mg/kg 95UCL (2)
Butyltins
Dibutyltin 1002-53-5 mg/kg 3 / 8 0 3.80E-03 4.66E-03 3.91E-03 NP 5.36E-03 3.91E-03 mg/kg 95UCL (12)
Tributyltin 688-73-3 mg/kg 3 / 8 0 4.52E-03 5.87E-03 4.79E-03 NP 6.82E-03 4.79E-03 mg/kg 95UCL (12)
PCBs
Total PCB Congeners 1336-36-3 mg/kg 8 / 8 0 1.25E-02 2.32E-02 2.82E-02 N 3.31E-02 2.82E-02 mg/kg 95UCL (2)
Total TEQ – PCB DLC -- mg/kg 8 / 8 0 4.51E-06 6.09E-06 7.52E-06 N 9.04E-06 7.52E-06 mg/kg 95UCL (19)
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TABLE A-1
Exposure Point Concentration Summary for Sediment

Scenario Timeframe:  Current and Future
Medium:  Sediment
Exposure Medium:  Sediment

Value Units Statistic (d) Method (e)
Detection 
Frequency

Maximum 
Detected

Concentration

Exposure Point Concentration

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Exposure Point Chemical of Potential 
Concern CAS Number Units

Number of 
High 

Censored 
Results (a)

Arithmetic 
Mean (b)

95 UCL 
Distribution (c)Area Minimum 

Concentration

India Basin Area I Metals
Aluminum 7429-90-5 mg/kg 6 / 6 0 6.35E+04 6.92E+04 7.21E+04 N 7.25E+04 7.21E+04 mg/kg 95UCL (2)
Antimony 7440-36-0 mg/kg 6 / 6 0 7.00E-01 9.09E-01 1.08E+00 N 1.24E+00 1.08E+00 mg/kg 95UCL (2)
Arsenic 7440-38-2 mg/kg 6 / 6 0 9.69E+00 1.05E+01 1.10E+01 N 1.14E+01 1.10E+01 mg/kg 95UCL (2)
Barium 7440-39-3 mg/kg 6 / 6 0 4.38E+02 4.69E+02 4.96E+02 N 5.33E+02 4.96E+02 mg/kg 95UCL (2)
Cadmium 7440-43-9 mg/kg 6 / 6 0 2.00E-01 2.25E-01 2.45E-01 N 2.64E-01 2.45E-01 mg/kg 95UCL (2)
Chromium 7440-47-3 mg/kg 6 / 6 0 1.56E+02 2.06E+02 2.66E+02 N 3.19E+02 2.66E+02 mg/kg 95UCL (19)
Cobalt 7440-48-4 mg/kg 6 / 6 0 1.53E+01 1.68E+01 1.87E+01 N 2.14E+01 1.87E+01 mg/kg 95UCL (2)
Copper 7440-50-8 mg/kg 6 / 6 0 4.00E+01 5.89E+01 8.35E+01 N 1.17E+02 8.35E+01 mg/kg 95UCL (2)
Iron 7439-89-6 mg/kg 6 / 6 0 3.98E+04 4.18E+04 4.30E+04 N 4.37E+04 4.30E+04 mg/kg 95UCL (2)
Lead 7439-92-1 mg/kg 6 / 6 0 2.16E+01 4.11E+01 1.15E+02 NP 1.26E+02 1.15E+02 mg/kg 95UCL (4)
Manganese 7439-96-5 mg/kg 6 / 6 0 4.11E+02 4.28E+02 4.40E+02 N 4.50E+02 4.40E+02 mg/kg 95UCL (2)
Mercury 7439-97-6 mg/kg 6 / 6 0 2.41E-01 3.12E-01 3.62E-01 N 4.07E-01 3.62E-01 mg/kg 95UCL (2)
Molybdenum 7439-98-7 mg/kg 6 / 6 0 7.63E-01 1.03E+00 1.29E+00 N 1.63E+00 1.29E+00 mg/kg 95UCL (2)
Nickel 7440-02-0 mg/kg 6 / 6 0 8.36E+01 1.26E+02 1.79E+02 N 2.32E+02 1.79E+02 mg/kg 95UCL (19)
Selenium 7782-49-2 mg/kg 6 / 6 0 2.73E-01 3.37E-01 3.87E-01 N 4.30E-01 3.87E-01 mg/kg 95UCL (2)
Silver 7440-22-4 mg/kg 6 / 6 0 2.53E-01 2.79E-01 3.00E-01 N 3.21E-01 3.00E-01 mg/kg 95UCL (2)
Vanadium 7440-62-2 mg/kg 6 / 6 0 1.21E+02 1.36E+02 1.43E+02 -- 1.41E+02 1.41E+02 mg/kg Max (1)
Zinc 7440-66-6 mg/kg 6 / 6 0 1.11E+02 1.22E+02 1.30E+02 N 1.36E+02 1.30E+02 mg/kg 95UCL (2)
Pesticides
4,4'-DDD 72-54-8 mg/kg 6 / 6 0 6.60E-04 1.19E-03 1.55E-03 N 1.92E-03 1.55E-03 mg/kg 95UCL (2)
4,4'-DDE 72-55-9 mg/kg 6 / 6 0 8.90E-04 1.27E-03 1.54E-03 N 1.84E-03 1.54E-03 mg/kg 95UCL (2)
4,4'-DDT 50-29-3 mg/kg 5 / 6 0 2.80E-04 5.56E-04 7.12E-04 NP 8.30E-04 7.12E-04 mg/kg 95UCL (12)
alpha-Chlordane 5103-71-9 mg/kg 6 / 6 0 7.00E-05 1.82E-04 3.23E-04 N 5.00E-04 3.23E-04 mg/kg 95UCL (2)
gamma-Chlordane 5566-34-7 mg/kg 1 / 6 0 1.40E-04 1.40E-04 N/A -- 1.40E-04 1.40E-04 mg/kg Max (1)
PAHs
2-Methylnaphthalene 91-57-6 mg/kg 6 / 6 0 6.17E-03 8.00E-03 1.02E-02 N 1.30E-02 1.02E-02 mg/kg 95UCL (2)
Acenaphthene 83-32-9 mg/kg 6 / 6 0 4.92E-03 7.68E-03 9.72E-03 N 1.18E-02 9.72E-03 mg/kg 95UCL (2)
Acenaphthylene 208-96-8 mg/kg 6 / 6 0 7.36E-03 1.03E-02 1.22E-02 N 1.32E-02 1.22E-02 mg/kg 95UCL (2)
Anthracene 120-12-7 mg/kg 6 / 6 0 3.45E-02 7.79E-02 2.10E-01 NP 2.28E-01 2.10E-01 mg/kg 95UCL (4)
Fluorene 86-73-7 mg/kg 6 / 6 0 8.45E-03 1.46E-02 2.95E-02 G 3.27E-02 2.95E-02 mg/kg 95UCL (11)
Naphthalene 91-20-3 mg/kg 6 / 6 0 1.22E-02 1.42E-02 1.65E-02 N 1.93E-02 1.65E-02 mg/kg 95UCL (2)
Phenanthrene 85-01-8 mg/kg 6 / 6 0 7.88E-02 1.11E-01 1.37E-01 N 1.67E-01 1.37E-01 mg/kg 95UCL (2)
Benzo(a)anthracene 56-55-3 mg/kg 6 / 6 0 9.78E-02 1.34E-01 1.78E-01 N 2.36E-01 1.78E-01 mg/kg 95UCL (2)
Benzo(a)pyrene 50-32-8 mg/kg 6 / 6 0 1.70E-01 2.04E-01 2.45E-01 N 2.99E-01 2.45E-01 mg/kg 95UCL (2)
Benzo(b)fluoranthene 205-99-2 mg/kg 6 / 6 0 1.14E-01 1.52E-01 1.99E-01 N 2.65E-01 1.99E-01 mg/kg 95UCL (2)
Benzo(g,h,i)perylene 191-24-2 mg/kg 6 / 6 0 1.50E-01 1.70E-01 1.93E-01 N 2.21E-01 1.93E-01 mg/kg 95UCL (2)
Benzo(k)fluoranthene 207-08-9 mg/kg 6 / 6 0 1.05E-01 1.44E-01 1.91E-01 N 2.55E-01 1.91E-01 mg/kg 95UCL (2)
Chrysene 218-01-9 mg/kg 6 / 6 0 1.26E-01 1.87E-01 2.66E-01 N 3.75E-01 2.66E-01 mg/kg 95UCL (2)
Dibenz(a,h)anthracene 53-70-3 mg/kg 6 / 6 0 1.67E-02 2.41E-02 3.27E-02 N 4.28E-02 3.27E-02 mg/kg 95UCL (2)
Fluoranthene 206-44-0 mg/kg 6 / 6 0 2.18E-01 2.72E-01 3.34E-01 N 4.19E-01 3.34E-01 mg/kg 95UCL (2)
Indeno(1,2,3-cd)pyrene 193-39-5 mg/kg 6 / 6 0 1.36E-01 1.60E-01 1.88E-01 N 2.24E-01 1.88E-01 mg/kg 95UCL (2)
Pyrene 129-00-0 mg/kg 6 / 6 0 2.89E-01 3.32E-01 3.78E-01 N 4.37E-01 3.78E-01 mg/kg 95UCL (2)
Butyltins
Dibutyltin 1002-53-5 mg/kg 1 / 6 0 1.09E-02 1.09E-02 N/A -- 1.09E-02 1.09E-02 mg/kg Max (1)
Tributyltin 688-73-3 mg/kg 1 / 6 0 1.77E-02 1.77E-02 N/A -- 1.77E-02 1.77E-02 mg/kg Max (1)
PCBs
Total PCB Congeners 1336-36-3 mg/kg 6 / 6 0 1.32E-02 3.87E-02 1.01E-01 -- 8.98E-02 8.98E-02 mg/kg Max (1)
Total TEQ – PCB DLC -- mg/kg 6 / 6 0 7.53E-06 7.96E-06 8.28E-06 N 8.57E-06 8.28E-06 mg/kg 95UCL (2)
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TABLE A-1
Exposure Point Concentration Summary for Sediment

Scenario Timeframe:  Current and Future
Medium:  Sediment
Exposure Medium:  Sediment

Value Units Statistic (d) Method (e)
Detection 
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Detected
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Exposure Point Concentration

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Exposure Point Chemical of Potential 
Concern CAS Number Units

Number of 
High 

Censored 
Results (a)

Arithmetic 
Mean (b)

95 UCL 
Distribution (c)Area Minimum 

Concentration

Oil Reclamation Area Metals
Aluminum 7429-90-5 mg/kg 6 / 6 0 5.20E+04 6.48E+04 7.17E+04 N 7.30E+04 7.17E+04 mg/kg 95UCL (2)
Antimony 7440-36-0 mg/kg 6 / 6 0 5.87E-01 2.02E+00 2.76E+00 N 3.17E+00 2.76E+00 mg/kg 95UCL (2)
Arsenic 7440-38-2 mg/kg 6 / 6 0 8.90E+00 1.13E+01 1.27E+01 N 1.36E+01 1.27E+01 mg/kg 95UCL (2)
Barium 7440-39-3 mg/kg 6 / 6 0 2.93E+02 3.92E+02 4.42E+02 N 4.58E+02 4.42E+02 mg/kg 95UCL (2)
Cadmium 7440-43-9 mg/kg 6 / 6 0 2.23E-01 3.34E-01 3.87E-01 N 3.99E-01 3.87E-01 mg/kg 95UCL (2)
Chromium 7440-47-3 mg/kg 6 / 6 0 1.67E+02 3.20E+02 4.29E+02 N 4.64E+02 4.29E+02 mg/kg 95UCL (2)
Cobalt 7440-48-4 mg/kg 6 / 6 0 1.75E+01 1.93E+01 2.08E+01 N 2.26E+01 2.08E+01 mg/kg 95UCL (2)
Copper 7440-50-8 mg/kg 6 / 6 0 5.51E+01 6.94E+01 8.43E+01 N 9.75E+01 8.43E+01 mg/kg 95UCL (2)
Iron 7439-89-6 mg/kg 6 / 6 0 4.12E+04 4.49E+04 4.73E+04 N 4.87E+04 4.73E+04 mg/kg 95UCL (2)
Lead 7439-92-1 mg/kg 6 / 6 0 1.19E+01 4.05E+01 5.45E+01 N 6.01E+01 5.45E+01 mg/kg 95UCL (2)
Manganese 7439-96-5 mg/kg 6 / 6 0 3.86E+02 4.95E+02 5.71E+02 N 6.24E+02 5.71E+02 mg/kg 95UCL (2)
Mercury 7439-97-6 mg/kg 6 / 6 0 3.03E-01 4.32E-01 5.18E-01 N 6.02E-01 5.18E-01 mg/kg 95UCL (2)
Molybdenum 7439-98-7 mg/kg 6 / 6 0 8.30E-01 1.35E+00 1.63E+00 N 1.71E+00 1.63E+00 mg/kg 95UCL (2)
Nickel 7440-02-0 mg/kg 6 / 6 0 9.49E+01 1.15E+02 1.35E+02 N 1.60E+02 1.35E+02 mg/kg 95UCL (2)
Selenium 7782-49-2 mg/kg 6 / 6 0 2.33E-01 3.21E-01 3.78E-01 N 4.06E-01 3.78E-01 mg/kg 95UCL (2)
Silver 7440-22-4 mg/kg 6 / 6 0 1.20E-01 3.25E-01 4.28E-01 N 4.35E-01 4.28E-01 mg/kg 95UCL (2)
Vanadium 7440-62-2 mg/kg 6 / 6 0 1.34E+02 1.52E+02 1.63E+02 N 1.71E+02 1.63E+02 mg/kg 95UCL (2)
Zinc 7440-66-6 mg/kg 6 / 6 0 1.14E+02 1.43E+02 1.62E+02 N 1.79E+02 1.62E+02 mg/kg 95UCL (2)
Pesticides
4,4'-DDD 72-54-8 mg/kg 6 / 6 0 9.10E-04 1.89E-03 2.66E-03 N 3.08E-03 2.66E-03 mg/kg 95UCL (2)
4,4'-DDE 72-55-9 mg/kg 6 / 6 0 3.30E-04 9.82E-04 1.31E-03 N 1.50E-03 1.31E-03 mg/kg 95UCL (2)
4,4'-DDT 50-29-3 mg/kg 5 / 6 0 1.20E-04 4.62E-04 6.58E-04 NP 7.80E-04 6.58E-04 mg/kg 95UCL (12)
alpha-Chlordane 5103-71-9 mg/kg 6 / 6 0 1.40E-04 2.70E-04 3.62E-04 N 4.10E-04 3.62E-04 mg/kg 95UCL (2)
Dieldrin 60-57-1 mg/kg 1 / 6 0 4.40E-04 4.40E-04 N/A -- 4.40E-04 4.40E-04 mg/kg Max (1)
gamma-Chlordane 5566-34-7 mg/kg 5 / 6 0 8.00E-05 2.70E-04 3.80E-04 NP 4.20E-04 3.80E-04 mg/kg 95UCL (12)
PAHs
2-Methylnaphthalene 91-57-6 mg/kg 6 / 6 0 5.23E-03 7.32E-03 8.65E-03 N 9.85E-03 8.65E-03 mg/kg 95UCL (2)
Acenaphthene 83-32-9 mg/kg 6 / 6 0 2.13E-03 4.06E-03 5.76E-03 N 7.62E-03 5.76E-03 mg/kg 95UCL (2)
Acenaphthylene 208-96-8 mg/kg 6 / 6 0 4.71E-03 7.28E-03 9.07E-03 N 1.02E-02 9.07E-03 mg/kg 95UCL (2)
Anthracene 120-12-7 mg/kg 6 / 6 0 1.14E-02 2.81E-02 4.24E-02 N 6.09E-02 4.24E-02 mg/kg 95UCL (2)
Fluorene 86-73-7 mg/kg 6 / 6 0 3.27E-03 6.65E-03 8.93E-03 N 1.13E-02 8.93E-03 mg/kg 95UCL (2)
Naphthalene 91-20-3 mg/kg 6 / 6 0 1.04E-02 1.34E-02 1.52E-02 N 1.59E-02 1.52E-02 mg/kg 95UCL (2)
Phenanthrene 85-01-8 mg/kg 6 / 6 0 4.04E-02 7.54E-02 1.03E-01 N 1.35E-01 1.03E-01 mg/kg 95UCL (2)
Benzo(a)anthracene 56-55-3 mg/kg 6 / 6 0 5.13E-02 9.10E-02 1.20E-01 N 1.51E-01 1.20E-01 mg/kg 95UCL (2)
Benzo(a)pyrene 50-32-8 mg/kg 6 / 6 0 1.09E-01 1.58E-01 1.96E-01 N 2.04E-01 1.96E-01 mg/kg 95UCL (2)
Benzo(b)fluoranthene 205-99-2 mg/kg 6 / 6 0 6.83E-02 1.07E-01 1.34E-01 N 1.49E-01 1.34E-01 mg/kg 95UCL (2)
Benzo(g,h,i)perylene 191-24-2 mg/kg 6 / 6 0 1.13E-01 1.50E-01 1.80E-01 N 1.93E-01 1.80E-01 mg/kg 95UCL (2)
Benzo(k)fluoranthene 207-08-9 mg/kg 6 / 6 0 7.30E-02 1.12E-01 1.41E-01 N 1.69E-01 1.41E-01 mg/kg 95UCL (2)
Chrysene 218-01-9 mg/kg 6 / 6 0 7.07E-02 1.39E-01 1.95E-01 N 2.62E-01 1.95E-01 mg/kg 95UCL (2)
Dibenz(a,h)anthracene 53-70-3 mg/kg 6 / 6 0 8.82E-03 1.61E-02 2.10E-02 N 2.48E-02 2.10E-02 mg/kg 95UCL (2)
Fluoranthene 206-44-0 mg/kg 6 / 6 0 1.32E-01 1.89E-01 2.39E-01 N 2.91E-01 2.39E-01 mg/kg 95UCL (2)
Indeno(1,2,3-cd)pyrene 193-39-5 mg/kg 6 / 6 0 8.99E-02 1.30E-01 1.63E-01 N 1.81E-01 1.63E-01 mg/kg 95UCL (2)
Pyrene 129-00-0 mg/kg 6 / 6 0 1.71E-01 2.41E-01 2.99E-01 N 3.28E-01 2.99E-01 mg/kg 95UCL (2)
Butyltins
Monobutyltin 78763-54-9 mg/kg 1 / 6 0 2.69E-03 2.69E-03 N/A -- 2.69E-03 2.69E-03 mg/kg Max (1)
Dibutyltin 1002-53-5 mg/kg 6 / 6 0 2.69E-03 1.03E-02 1.61E-02 N 2.08E-02 1.61E-02 mg/kg 95UCL (2)
Tributyltin 688-73-3 mg/kg 6 / 6 0 3.30E-03 2.16E-02 4.07E-02 N 6.59E-02 4.07E-02 mg/kg 95UCL (2)
PCBs
Total PCB Congeners 1336-36-3 mg/kg 6 / 6 0 8.78E-02 2.27E-01 3.39E-01 N 4.25E-01 3.39E-01 mg/kg 95UCL (2)
Total TEQ – PCB DLC -- mg/kg 6 / 6 0 6.09E-06 7.63E-06 8.49E-06 N 8.59E-06 8.49E-06 mg/kg 95UCL (2)
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TABLE A-1
Exposure Point Concentration Summary for Sediment

Scenario Timeframe:  Current and Future
Medium:  Sediment
Exposure Medium:  Sediment

Value Units Statistic (d) Method (e)
Detection 
Frequency

Maximum 
Detected

Concentration

Exposure Point Concentration

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Exposure Point Chemical of Potential 
Concern CAS Number Units

Number of 
High 

Censored 
Results (a)

Arithmetic 
Mean (b)

95 UCL 
Distribution (c)Area Minimum 

Concentration

Point Avisadero Area Metals
Aluminum 7429-90-5 mg/kg 19 / 19 0 5.91E+04 6.69E+04 6.85E+04 N 7.20E+04 6.85E+04 mg/kg 95UCL (2)
Antimony 7440-36-0 mg/kg 19 / 19 0 5.54E-01 1.78E+00 5.44E+00 NP 1.68E+01 5.44E+00 mg/kg 95UCL (4)
Arsenic 7440-38-2 mg/kg 19 / 19 0 8.74E+00 1.17E+01 1.25E+01 N 1.82E+01 1.25E+01 mg/kg 95UCL (2)
Barium 7440-39-3 mg/kg 19 / 19 0 4.04E+02 4.63E+02 4.78E+02 N 5.68E+02 4.78E+02 mg/kg 95UCL (2)
Cadmium 7440-43-9 mg/kg 19 / 19 0 1.85E-01 2.76E-01 3.23E-01 G 7.60E-01 3.23E-01 mg/kg 95UCL (11)
Chromium 7440-47-3 mg/kg 19 / 19 0 1.62E+02 2.26E+02 2.57E+02 N 3.91E+02 2.57E+02 mg/kg 95UCL (19)
Cobalt 7440-48-4 mg/kg 19 / 19 0 1.40E+01 1.74E+01 1.81E+01 N 2.16E+01 1.81E+01 mg/kg 95UCL (2)
Copper 7440-50-8 mg/kg 19 / 19 0 3.27E+01 1.72E+02 4.25E+02 NP 1.05E+03 4.25E+02 mg/kg 95UCL (4)
Iron 7439-89-6 mg/kg 19 / 19 0 3.87E+04 4.12E+04 4.19E+04 N 4.65E+04 4.19E+04 mg/kg 95UCL (2)
Lead 7439-92-1 mg/kg 19 / 19 0 1.81E+01 4.38E+01 1.04E+02 NP 2.75E+02 1.04E+02 mg/kg 95UCL (4)
Manganese 7439-96-5 mg/kg 19 / 19 0 4.23E+02 4.99E+02 5.17E+02 N 6.15E+02 5.17E+02 mg/kg 95UCL (2)
Mercury 7439-97-6 mg/kg 19 / 19 0 1.45E-01 9.04E-01 2.53E+00 NP 7.47E+00 2.53E+00 mg/kg 95UCL (4)
Molybdenum 7439-98-7 mg/kg 19 / 19 0 6.11E-01 9.50E-01 1.03E+00 N 1.47E+00 1.03E+00 mg/kg 95UCL (2)
Nickel 7440-02-0 mg/kg 19 / 19 0 8.40E+01 1.09E+02 1.30E+02 N 2.50E+02 1.30E+02 mg/kg 95UCL (19)
Selenium 7782-49-2 mg/kg 19 / 19 0 2.22E-01 3.70E-01 4.29E-01 N 8.55E-01 4.29E-01 mg/kg 95UCL (19)
Silver 7440-22-4 mg/kg 19 / 19 0 1.77E-01 2.74E-01 2.95E-01 N 4.34E-01 2.95E-01 mg/kg 95UCL (2)
Vanadium 7440-62-2 mg/kg 19 / 19 0 1.08E+02 1.33E+02 1.38E+02 N 1.57E+02 1.38E+02 mg/kg 95UCL (2)
Zinc 7440-66-6 mg/kg 19 / 19 0 9.08E+01 1.25E+02 1.48E+02 N 3.22E+02 1.48E+02 mg/kg 95UCL (19)
Pesticides
2,4'-DDD 53-19-0 mg/kg 1 / 19 0 8.40E-04 8.40E-04 N/A -- 8.40E-04 8.40E-04 mg/kg Max (1)
4,4'-DDD 72-54-8 mg/kg 19 / 19 0 5.70E-04 1.13E-03 1.27E-03 N 1.74E-03 1.27E-03 mg/kg 95UCL (2)
4,4'-DDE 72-55-9 mg/kg 19 / 19 0 4.80E-04 1.07E-03 1.20E-03 N 1.54E-03 1.20E-03 mg/kg 95UCL (2)
4,4'-DDT 50-29-3 mg/kg 11 / 19 0 1.40E-04 3.93E-04 3.55E-04 NP 8.40E-04 3.55E-04 mg/kg 95UCL (12)
alpha-Chlordane 5103-71-9 mg/kg 13 / 19 0 3.00E-05 1.49E-04 1.49E-04 LN 3.70E-04 1.49E-04 mg/kg 95UCL (16)
PAHs
2-Methylnaphthalene 91-57-6 mg/kg 19 / 19 0 4.13E-03 1.02E-02 1.21E-02 N 2.04E-02 1.21E-02 mg/kg 95UCL (2)
Acenaphthene 83-32-9 mg/kg 19 / 19 0 4.44E-03 2.95E-02 4.52E-02 G 1.82E-01 4.52E-02 mg/kg 95UCL (11)
Acenaphthylene 208-96-8 mg/kg 19 / 19 0 6.98E-03 2.23E-02 3.12E-02 LN 5.81E-02 3.12E-02 mg/kg 95UCL (3)
Anthracene 120-12-7 mg/kg 19 / 19 0 3.63E-02 1.32E-01 1.79E-01 G 4.89E-01 1.79E-01 mg/kg 95UCL (11)
Fluorene 86-73-7 mg/kg 19 / 19 0 8.20E-03 3.09E-02 3.98E-02 N 9.24E-02 3.98E-02 mg/kg 95UCL (2)
Naphthalene 91-20-3 mg/kg 19 / 19 0 7.72E-03 2.11E-02 2.51E-02 N 4.57E-02 2.51E-02 mg/kg 95UCL (2)
Phenanthrene 85-01-8 mg/kg 19 / 19 0 7.28E-02 3.25E-01 4.11E-01 N 7.63E-01 4.11E-01 mg/kg 95UCL (2)
Benzo(a)anthracene 56-55-3 mg/kg 19 / 19 0 8.13E-02 3.00E-01 3.64E-01 N 6.01E-01 3.64E-01 mg/kg 95UCL (2)
Benzo(a)pyrene 50-32-8 mg/kg 19 / 19 0 1.24E-01 4.03E-01 4.82E-01 N 7.54E-01 4.82E-01 mg/kg 95UCL (2)
Benzo(b)fluoranthene 205-99-2 mg/kg 19 / 19 0 8.58E-02 2.73E-01 3.26E-01 N 5.50E-01 3.26E-01 mg/kg 95UCL (2)
Benzo(g,h,i)perylene 191-24-2 mg/kg 19 / 19 0 1.07E-01 3.01E-01 3.58E-01 N 5.52E-01 3.58E-01 mg/kg 95UCL (2)
Benzo(k)fluoranthene 207-08-9 mg/kg 19 / 19 0 8.34E-02 2.75E-01 3.28E-01 N 5.46E-01 3.28E-01 mg/kg 95UCL (2)
Chrysene 218-01-9 mg/kg 19 / 19 0 1.04E-01 3.51E-01 4.24E-01 N 7.15E-01 4.24E-01 mg/kg 95UCL (2)
Dibenz(a,h)anthracene 53-70-3 mg/kg 19 / 19 0 1.22E-02 4.71E-02 5.72E-02 N 9.48E-02 5.72E-02 mg/kg 95UCL (2)
Fluoranthene 206-44-0 mg/kg 19 / 19 0 1.86E-01 6.27E-01 7.50E-01 N 1.21E+00 7.50E-01 mg/kg 95UCL (2)
Indeno(1,2,3-cd)pyrene 193-39-5 mg/kg 19 / 19 0 9.98E-02 2.96E-01 3.52E-01 N 5.36E-01 3.52E-01 mg/kg 95UCL (2)
Pyrene 129-00-0 mg/kg 19 / 19 0 2.25E-01 7.39E-01 8.90E-01 N 1.47E+00 8.90E-01 mg/kg 95UCL (2)
Butyltins
Dibutyltin 1002-53-5 mg/kg 11 / 19 0 1.30E-02 2.86E-02 2.40E-02 NP 5.74E-02 2.40E-02 mg/kg 95UCL (12)
Tributyltin 688-73-3 mg/kg 12 / 19 0 1.47E-02 9.11E-02 8.24E-02 NP 2.08E-01 8.24E-02 mg/kg 95UCL (12)
PCBs
Total PCB Congeners 1336-36-3 mg/kg 19 / 19 0 1.20E-02 3.23E-01 1.70E+00 NP 2.46E+00 1.70E+00 mg/kg 95UCL (4)
Total TEQ – PCB DLC 1336-36-3 mg/kg 19 / 19 0 6.52E-06 7.19E-06 7.43E-06 N 8.52E-06 7.43E-06 mg/kg 95UCL (2)
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TABLE A-1
Exposure Point Concentration Summary for Sediment

Scenario Timeframe:  Current and Future
Medium:  Sediment
Exposure Medium:  Sediment

Value Units Statistic (d) Method (e)
Detection 
Frequency

Maximum 
Detected

Concentration

Exposure Point Concentration

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Exposure Point Chemical of Potential 
Concern CAS Number Units

Number of 
High 

Censored 
Results (a)

Arithmetic 
Mean (b)

95 UCL 
Distribution (c)Area Minimum 

Concentration

South Basin Area X Metals
Aluminum 7429-90-5 mg/kg 23 / 23 0 3.91E+04 6.44E+04 6.82E+04 N 7.41E+04 6.82E+04 mg/kg 95UCL (2)
Antimony 7440-36-0 mg/kg 23 / 23 0 4.85E-01 3.16E+00 4.28E+00 G 1.06E+01 4.28E+00 mg/kg 95UCL (11)
Arsenic 7440-38-2 mg/kg 23 / 23 0 5.86E+00 1.07E+01 1.14E+01 N 1.43E+01 1.14E+01 mg/kg 95UCL (2)
Barium 7440-39-3 mg/kg 23 / 23 0 4.00E+02 5.12E+02 5.57E+02 N 8.93E+02 5.57E+02 mg/kg 95UCL (19)
Cadmium 7440-43-9 mg/kg 23 / 23 0 2.19E-01 4.55E-01 5.15E-01 N 8.45E-01 5.15E-01 mg/kg 95UCL (2)
Chromium 7440-47-3 mg/kg 23 / 23 0 1.67E+02 2.28E+02 2.52E+02 N 4.51E+02 2.52E+02 mg/kg 95UCL (19)
Cobalt 7440-48-4 mg/kg 23 / 23 0 1.05E+01 1.69E+01 1.80E+01 N 2.19E+01 1.80E+01 mg/kg 95UCL (2)
Copper 7440-50-8 mg/kg 23 / 23 0 6.61E+01 1.21E+02 1.49E+02 N 3.19E+02 1.49E+02 mg/kg 95UCL (19)
Iron 7439-89-6 mg/kg 23 / 23 0 1.57E+04 4.02E+04 4.34E+04 N 4.78E+04 4.34E+04 mg/kg 95UCL (2)
Lead 7439-92-1 mg/kg 23 / 23 0 1.10E+01 8.52E+01 9.80E+01 N 1.42E+02 9.80E+01 mg/kg 95UCL (2)
Manganese 7439-96-5 mg/kg 23 / 23 0 2.71E+02 4.32E+02 4.53E+02 N 5.80E+02 4.53E+02 mg/kg 95UCL (2)
Mercury 7439-97-6 mg/kg 23 / 23 0 2.32E-01 7.07E-01 8.21E-01 N 1.47E+00 8.21E-01 mg/kg 95UCL (2)
Molybdenum 7439-98-7 mg/kg 23 / 23 0 7.04E-01 1.14E+00 1.23E+00 N 1.83E+00 1.23E+00 mg/kg 95UCL (2)
Nickel 7440-02-0 mg/kg 23 / 23 0 7.25E+01 1.13E+02 1.24E+02 N 1.99E+02 1.24E+02 mg/kg 95UCL (19)
Selenium 7782-49-2 mg/kg 22 / 23 0 1.51E-01 3.34E-01 3.59E-01 NP 4.57E-01 3.59E-01 mg/kg 95UCL (12)
Silver 7440-22-4 mg/kg 23 / 23 0 1.39E-01 5.80E-01 1.04E+00 NP 2.80E+00 1.04E+00 mg/kg 95UCL (4)
Vanadium 7440-62-2 mg/kg 23 / 23 0 5.09E+01 1.32E+02 1.42E+02 N 1.72E+02 1.42E+02 mg/kg 95UCL (2)
Zinc 7440-66-6 mg/kg 23 / 23 0 1.64E+02 2.02E+02 2.13E+02 N 2.97E+02 2.13E+02 mg/kg 95UCL (2)
Pesticides
2,4'-DDD 53-19-0 mg/kg 1 / 16 6 1.20E-04 1.20E-04 N/A -- 1.20E-04 1.20E-04 mg/kg Max (1)
4,4'-DDD 72-54-8 mg/kg 23 / 23 0 9.70E-04 8.16E-03 1.81E-02 NP 4.36E-02 1.81E-02 mg/kg 95UCL (4)
4,4'-DDE 72-55-9 mg/kg 21 / 22 0 1.06E-03 6.10E-03 7.39E-03 NP 1.84E-02 7.39E-03 mg/kg 95UCL (12)
4,4'-DDT 50-29-3 mg/kg 20 / 23 0 2.60E-04 1.13E-03 3.59E-03 G 3.60E-03 3.59E-03 mg/kg 95UCL (11)
alpha-Chlordane 5103-71-9 mg/kg 23 / 23 0 2.00E-04 1.43E-03 2.12E-03 LN 5.47E-03 2.12E-03 mg/kg 95UCL (3)
Dieldrin 60-57-1 mg/kg 15 / 22 0 7.50E-04 2.47E-03 7.18E-03 G 1.04E-02 7.18E-03 mg/kg 95UCL (11)
gamma-Chlordane 5566-34-7 mg/kg 23 / 23 0 1.70E-04 2.27E-03 3.33E-03 G 1.05E-02 3.33E-03 mg/kg 95UCL (11)
Heptachlor 76-44-8 mg/kg 1 / 22 0 2.13E-03 2.13E-03 N/A -- 2.13E-03 2.13E-03 mg/kg Max (1)
PAHs
2-Methylnaphthalene 91-57-6 mg/kg 23 / 23 0 3.70E-03 1.82E-02 2.15E-02 N 4.90E-02 2.15E-02 mg/kg 95UCL (2)
Acenaphthene 83-32-9 mg/kg 23 / 23 0 1.08E-03 7.59E-03 9.10E-03 N 2.13E-02 9.10E-03 mg/kg 95UCL (2)
Acenaphthylene 208-96-8 mg/kg 23 / 23 0 2.26E-03 1.19E-02 1.99E-02 NP 4.37E-02 1.99E-02 mg/kg 95UCL (4)
Anthracene 120-12-7 mg/kg 23 / 23 0 6.99E-03 5.18E-02 1.01E-01 NP 2.34E-01 1.01E-01 mg/kg 95UCL (4)
Fluorene 86-73-7 mg/kg 23 / 23 0 2.02E-03 1.47E-02 3.03E-02 NP 8.15E-02 3.03E-02 mg/kg 95UCL (4)
Naphthalene 91-20-3 mg/kg 22 / 23 0 8.27E-03 3.07E-02 3.45E-02 NP 5.87E-02 3.45E-02 mg/kg 95UCL (12)
Phenanthrene 85-01-8 mg/kg 23 / 23 0 2.20E-02 1.49E-01 2.78E-01 NP 6.68E-01 2.78E-01 mg/kg 95UCL (4)
Benzo(a)anthracene 56-55-3 mg/kg 23 / 23 0 2.58E-02 1.81E-01 2.36E-01 G 6.29E-01 2.36E-01 mg/kg 95UCL (11)
Benzo(a)pyrene 50-32-8 mg/kg 23 / 23 0 5.32E-02 2.69E-01 3.14E-01 N 6.32E-01 3.14E-01 mg/kg 95UCL (2)
Benzo(b)fluoranthene 205-99-2 mg/kg 23 / 23 0 3.47E-02 2.01E-01 2.36E-01 N 4.84E-01 2.36E-01 mg/kg 95UCL (2)
Benzo(g,h,i)perylene 191-24-2 mg/kg 23 / 23 0 5.54E-02 2.39E-01 2.69E-01 N 3.84E-01 2.69E-01 mg/kg 95UCL (2)
Benzo(k)fluoranthene 207-08-9 mg/kg 23 / 23 0 4.08E-02 2.07E-01 2.44E-01 N 5.00E-01 2.44E-01 mg/kg 95UCL (2)
Chrysene 218-01-9 mg/kg 23 / 23 0 3.94E-02 2.45E-01 3.15E-01 G 7.44E-01 3.15E-01 mg/kg 95UCL (11)
Dibenz(a,h)anthracene 53-70-3 mg/kg 23 / 23 0 4.03E-03 3.62E-02 4.41E-02 N 1.04E-01 4.41E-02 mg/kg 95UCL (2)
Fluoranthene 206-44-0 mg/kg 23 / 23 0 5.97E-02 3.25E-01 3.94E-01 N 9.53E-01 3.94E-01 mg/kg 95UCL (2)
Indeno(1,2,3-cd)pyrene 193-39-5 mg/kg 23 / 23 0 4.39E-02 2.17E-01 2.47E-01 N 4.13E-01 2.47E-01 mg/kg 95UCL (2)
Pyrene 129-00-0 mg/kg 23 / 23 0 7.98E-02 3.90E-01 4.63E-01 N 1.07E+00 4.63E-01 mg/kg 95UCL (2)
Butyltins
Monobutyltin 78763-54-9 mg/kg 3 / 22 0 1.17E-03 2.18E-03 1.16E-03 NP 3.30E-03 1.16E-03 mg/kg 95UCL (12)
Dibutyltin 1002-53-5 mg/kg 23 / 23 0 2.72E-03 1.63E-02 2.15E-02 G 5.12E-02 2.15E-02 mg/kg 95UCL (11)
Tributyltin 688-73-3 mg/kg 23 / 23 0 3.08E-03 2.38E-02 4.85E-02 NP 1.29E-01 4.85E-02 mg/kg 95UCL (4)
PCBs
Total PCB Congeners 1336-36-3 mg/kg 23 / 23 0 1.13E-01 1.16E+00 1.70E+00 G 5.19E+00 1.70E+00 mg/kg 95UCL (11)
Total TEQ – PCB DLC -- mg/kg 23 / 23 0 4.92E-06 1.21E-05 2.98E-05 NP 1.01E-04 2.98E-05 mg/kg 95UCL (4)
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TABLE A-1
Exposure Point Concentration Summary for Sediment

Scenario Timeframe:  Current and Future
Medium:  Sediment
Exposure Medium:  Sediment

Value Units Statistic (d) Method (e)
Detection 
Frequency

Maximum 
Detected

Concentration

Exposure Point Concentration

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Exposure Point Chemical of Potential 
Concern CAS Number Units

Number of 
High 

Censored 
Results (a)

Arithmetic 
Mean (b)

95 UCL 
Distribution (c)Area Minimum 

Concentration

Reference Sediment Area Metals
Aluminum 7429-90-5 mg/kg 5 / 5 0 4.43E+04 6.43E+04 7.65E+04 N 7.59E+04 7.59E+04 mg/kg Max (1)
Antimony 7440-36-0 mg/kg 5 / 5 0 3.61E-01 6.63E-01 9.16E-01 N 9.29E-01 9.16E-01 mg/kg 95UCL (2)
Arsenic 7440-38-2 mg/kg 5 / 5 0 6.69E+00 1.02E+01 1.22E+01 N 1.21E+01 1.21E+01 mg/kg Max (1)
Barium 7440-39-3 mg/kg 5 / 5 0 4.05E+02 4.45E+02 4.83E+02 N 5.01E+02 4.83E+02 mg/kg 95UCL (2)
Cadmium 7440-43-9 mg/kg 5 / 5 0 1.56E-01 3.63E-01 6.42E-01 N 8.41E-01 6.42E-01 mg/kg 95UCL (2)
Chromium 7440-47-3 mg/kg 5 / 5 0 1.03E+02 1.54E+02 1.82E+02 N 1.76E+02 1.76E+02 mg/kg Max (1)
Cobalt 7440-48-4 mg/kg 5 / 5 0 1.03E+01 1.73E+01 2.15E+01 N 2.26E+01 2.15E+01 mg/kg 95UCL (2)
Copper 7440-50-8 mg/kg 5 / 5 0 1.65E+01 3.33E+01 4.70E+01 N 4.79E+01 4.70E+01 mg/kg 95UCL (2)
Iron 7439-89-6 mg/kg 5 / 5 0 2.06E+04 3.89E+04 4.92E+04 N 4.95E+04 4.92E+04 mg/kg 95UCL (2)
Lead 7439-92-1 mg/kg 5 / 5 0 1.23E+01 2.15E+01 2.86E+01 N 2.97E+01 2.86E+01 mg/kg 95UCL (2)
Manganese 7439-96-5 mg/kg 5 / 5 0 3.90E+02 5.21E+02 6.15E+02 N 6.34E+02 6.15E+02 mg/kg 95UCL (2)
Mercury 7439-97-6 mg/kg 5 / 5 0 2.52E-02 2.15E-01 3.64E-01 N 3.84E-01 3.64E-01 mg/kg 95UCL (2)
Molybdenum 7439-98-7 mg/kg 5 / 5 0 2.93E-01 6.42E-01 8.80E-01 -- 8.51E-01 8.51E-01 mg/kg Max (1)
Nickel 7440-02-0 mg/kg 5 / 5 0 3.98E+01 7.84E+01 1.00E+02 N 1.01E+02 1.00E+02 mg/kg 95UCL (2)
Selenium 7782-49-2 mg/kg 4 / 5 0 1.24E-01 3.32E-01 4.56E-01 NP 4.98E-01 4.56E-01 mg/kg 95UCL (12)
Silver 7440-22-4 mg/kg 4 / 5 0 1.23E-01 3.11E-01 4.47E-01 NP 5.38E-01 4.47E-01 mg/kg 95UCL (12)
Vanadium 7440-62-2 mg/kg 5 / 5 0 6.27E+01 1.30E+02 1.67E+02 N 1.59E+02 1.59E+02 mg/kg Max (1)
Zinc 7440-66-6 mg/kg 5 / 5 0 4.25E+01 9.48E+01 1.27E+02 N 1.30E+02 1.27E+02 mg/kg 95UCL (2)
Pesticides
4,4'-DDD 72-54-8 mg/kg 4 / 5 0 4.10E-04 1.51E-03 2.41E-03 NP 3.11E-03 2.41E-03 mg/kg 95UCL (12)
4,4'-DDE 72-55-9 mg/kg 4 / 5 0 3.10E-04 6.83E-04 9.13E-04 NP 9.30E-04 9.13E-04 mg/kg 95UCL (12)
4,4'-DDT 50-29-3 mg/kg 1 / 5 0 1.65E-03 1.65E-03 N/A -- 1.65E-03 1.65E-03 mg/kg Max (1)
alpha-Chlordane 5103-71-9 mg/kg 2 / 5 0 2.00E-05 7.00E-05 N/A -- 1.20E-04 1.20E-04 mg/kg Max (1)
PAHs
2-Methylnaphthalene 91-57-6 mg/kg 5 / 5 0 1.17E-03 3.85E-03 6.43E-03 N 7.15E-03 6.43E-03 mg/kg 95UCL (2)
Acenaphthene 83-32-9 mg/kg 5 / 5 0 1.04E-03 4.04E-03 2.53E-02 G 1.24E-02 1.24E-02 mg/kg Max (1)
Acenaphthylene 208-96-8 mg/kg 5 / 5 0 1.02E-03 5.49E-03 9.31E-03 N 1.20E-02 9.31E-03 mg/kg 95UCL (2)
Anthracene 120-12-7 mg/kg 5 / 5 0 2.73E-03 1.70E-02 3.13E-02 N 4.25E-02 3.13E-02 mg/kg 95UCL (2)
Fluorene 86-73-7 mg/kg 5 / 5 0 1.06E-03 4.76E-03 8.36E-03 N 1.09E-02 8.36E-03 mg/kg 95UCL (2)
Naphthalene 91-20-3 mg/kg 4 / 5 0 3.68E-03 1.01E-02 1.43E-02 NP 1.65E-02 1.43E-02 mg/kg 95UCL (12)
Phenanthrene 85-01-8 mg/kg 5 / 5 0 1.42E-02 5.74E-02 1.05E-01 N 1.42E-01 1.05E-01 mg/kg 95UCL (2)
Benzo(a)anthracene 56-55-3 mg/kg 5 / 5 0 1.25E-02 5.48E-02 9.49E-02 N 1.25E-01 9.49E-02 mg/kg 95UCL (2)
Benzo(a)pyrene 50-32-8 mg/kg 5 / 5 0 2.33E-02 1.07E-01 1.86E-01 N 2.40E-01 1.86E-01 mg/kg 95UCL (2)
Benzo(b)fluoranthene 205-99-2 mg/kg 5 / 5 0 1.67E-02 6.78E-02 1.17E-01 N 1.47E-01 1.17E-01 mg/kg 95UCL (2)
Benzo(g,h,i)perylene 191-24-2 mg/kg 5 / 5 0 2.09E-02 1.01E-01 1.78E-01 N 2.21E-01 1.78E-01 mg/kg 95UCL (2)
Benzo(k)fluoranthene 207-08-9 mg/kg 5 / 5 0 1.45E-02 6.60E-02 1.13E-01 N 1.45E-01 1.13E-01 mg/kg 95UCL (2)
Chrysene 218-01-9 mg/kg 5 / 5 0 1.54E-02 6.93E-02 1.12E-01 N 1.40E-01 1.12E-01 mg/kg 95UCL (2)
Dibenz(a,h)anthracene 53-70-3 mg/kg 5 / 5 0 2.06E-03 1.03E-02 1.87E-02 N 2.45E-02 1.87E-02 mg/kg 95UCL (2)
Fluoranthene 206-44-0 mg/kg 5 / 5 0 3.42E-02 1.35E-01 2.33E-01 N 3.06E-01 2.33E-01 mg/kg 95UCL (2)
Indeno(1,2,3-cd)pyrene 193-39-5 mg/kg 5 / 5 0 2.10E-02 9.05E-02 1.59E-01 N 2.00E-01 1.59E-01 mg/kg 95UCL (2)
Pyrene 129-00-0 mg/kg 5 / 5 0 4.49E-02 1.75E-01 2.94E-01 N 3.83E-01 2.94E-01 mg/kg 95UCL (2)
Butyltins
Dibutyltin 1002-53-5 mg/kg 1 / 1 4 1.32E-03 1.32E-03 N/A -- 1.32E-03 1.32E-03 mg/kg Max (1)
Tributyltin 688-73-3 mg/kg 1 / 5 0 4.04E-03 4.04E-03 N/A -- 4.04E-03 4.04E-03 mg/kg Max (1)
PCBs
Total PCB Congeners 1336-36-3 mg/kg 5 / 5 0 1.54E-03 1.42E-02 3.04E-02 N 4.32E-02 3.04E-02 mg/kg 95UCL (2)
Total TEQ – PCB DLC -- mg/kg 5 / 5 0 4.51E-06 6.73E-06 8.66E-06 N 9.53E-06 8.66E-06 mg/kg 95UCL (2)
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TABLE A-1
Exposure Point Concentration Summary for Sediment

Scenario Timeframe:  Current and Future
Medium:  Sediment
Exposure Medium:  Sediment

Value Units Statistic (d) Method (e)
Detection 
Frequency

Maximum 
Detected

Concentration

Exposure Point Concentration

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Exposure Point Chemical of Potential 
Concern CAS Number Units

Number of 
High 

Censored 
Results (a)

Arithmetic 
Mean (b)

95 UCL 
Distribution (c)Area Minimum 

Concentration

Notes:

-- Not applicable
95UCL A 95% upper confidence limit, the upper boundary (or limit) of a confidence interval of a parameter of interest such as the population mean
DDD Dichlorodiphenyldichloroethane
DDE Dichlorodiphenyldichloroethylene
DDT Dichlorodiphenyltrichloroethane
DLC Dioxin-like Congeners
EPC Exposure point concentration
KM Kaplan-Meier product limit estimator
Max Maximum detected concentration
mg/kg Milligram per kilogram
N/A Not applicable, no estimate provided because there were fewer than five total results and four distinct detected results.
PAH Polycyclic Aromatic Hydrocarbons
PCB Polychlorinated biphenyl
TCDD Tetrachlorodibenzo-p-dioxin
TEQ Toxic Equivalents
USEPA United States Environmental Protection Agency

a Number of censored (nondetect) results that exceeded the maximum detected concentration.  The nondetected results are based on the sample-specific detection limits. These results were excluded from the statistical calculations.
b Arithmetic mean based on detected data only.
c

Distribution Codes: G= gamma, LN= lognormal, N= normal, NP= nonparametric
d The EPC is the lesser of the UCL and the maximum detected result.  The maximum detected result is the default when there are fewer than 5 total results or fewer than 4 detected results.
e All methods follow USEPA (2002, 2013).

Method (Statistic) Codes are defined as follows:
(1) Maximum detected concentration
(2) 95 percent UCL calculated using Student's t distribution
(3) 95 percent UCL calculated using Land's H statistic

(4), (5), (6) 95, 97.5, or 99 percent UCL, respectively, calculated using the nonparametric Chebyshev method
(7), (8), (9) 95, 97.5, or 99 percent UCL, respectively, calculated using the MVUE Chebyshev method

(10) 95 percent UCL calculated using the approximate gamma method
(11) 95 percent UCL calculated using the adjusted gamma method
(12) 95 percent UCL calculated using the KM mean and Student's t cuttoff for the UCL

(13), (14), (15) 95, 97.5, or 99 percent UCL, respectively, calculated using the KM mean and the nonparametric Chebyshev method to estimate the UCL
(16) 95 percent UCL calculated using the KM mean and a percentile bootstrap to estimate the UCL
(17) 95 percent UCL calculated using the KM mean and a BCA bootstrap to estimate the UCL
(18) Hall's bootstrap
(19) 95 percent UCL calculated using Modified t distribution
(20) 95 percent UCL calculated using the adjusted gamma KM statistic

References:
United States Environmental Protection Agency (USEPA). 2002. “Calculating Exposure Point Concentrations at Hazardous Waste Sites.” OSWER 9285.6-10. Office of Emergency and Remedial Response. December.
United States Environmental Protection Agency (USEPA). 2013. “ProUCL Version 5.0.00 Technical Guide.” Prepared by Singh, A., Armbya, N. and Singh, A.K. EPA/600/R-07/041. 2013.

The three data distributions considered in ProUCL 5.0.00 include the normal, lognormal, and the gamma distributions. Shapiro-Wilk (n ≤ 50) and Lilliefors (n > 50) test statistics are used to test for normality or lognormality of a 
data set.  A five percent level of significance was used in all tests.  Distribution tests were only conducted for samples with at least 4 detected results.  Distributions not confirmed as normal, lognormal, or gamma, or not tested, 
were treated as nonparametric in all statistical calculations.
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TABLE A-2
Exposure Point Concentration Summary for Macoma

Scenario Timeframe:  Current and Future
Medium:  Macoma
Exposure Medium:  Tissue

Value Units Statistic (d) Method (e)

Macoma Eastern Wetland Area Metals
Tissue Aluminum 7429-90-5 mg/kg 8 / 8 0 1.18E+02 2.09E+02 2.59E+02 N 3.26E+02 2.59E+02 mg/kg 95UCL (2)

Antimony 7440-36-0 mg/kg 8 / 8 0 1.62E-02 2.98E-02 3.89E-02 N 4.98E-02 3.89E-02 mg/kg 95UCL (2)
Arsenic 7440-38-2 mg/kg 8 / 8 0 3.02E+00 3.81E+00 4.29E+00 N 5.02E+00 4.29E+00 mg/kg 95UCL (2)
Barium 7440-39-3 mg/kg 8 / 8 0 1.25E+00 1.99E+00 2.41E+00 N 3.08E+00 2.41E+00 mg/kg 95UCL (2)
Cadmium 7440-43-9 mg/kg 8 / 8 0 3.38E-02 7.24E-02 1.77E-01 NP 2.32E-01 1.77E-01 mg/kg 95UCL (4)
Chromium 7440-47-3 mg/kg 8 / 8 0 1.28E+00 2.21E+00 2.74E+00 N 3.75E+00 2.74E+00 mg/kg 95UCL (2)
Cobalt 7440-48-4 mg/kg 8 / 8 0 2.54E-01 3.54E-01 4.00E-01 N 4.80E-01 4.00E-01 mg/kg 95UCL (2)
Copper 7440-50-8 mg/kg 8 / 8 0 1.53E+00 2.83E+00 3.75E+00 N 5.02E+00 3.75E+00 mg/kg 95UCL (2)
Iron 7439-89-6 mg/kg 8 / 8 0 2.06E+02 3.16E+02 3.64E+02 N 4.15E+02 3.64E+02 mg/kg 95UCL (2)
Lead 7439-92-1 mg/kg 8 / 8 0 2.97E-01 5.46E-01 7.15E-01 N 8.98E-01 7.15E-01 mg/kg 95UCL (2)
Manganese 7439-96-5 mg/kg 8 / 8 0 2.83E+00 4.61E+00 5.23E+00 N 5.71E+00 5.23E+00 mg/kg 95UCL (2)
Mercury 7439-97-6 mg/kg 4 / 7 1 1.50E-02 2.29E-02 2.61E-02 NP 3.11E-02 2.61E-02 mg/kg 95UCL (12)
Molybdenum 7439-98-7 mg/kg 8 / 8 0 3.44E-01 5.00E-01 5.97E-01 N 7.82E-01 5.97E-01 mg/kg 95UCL (2)
Nickel 7440-02-0 mg/kg 8 / 8 0 7.83E-01 1.18E+00 1.38E+00 N 1.60E+00 1.38E+00 mg/kg 95UCL (2)
Selenium 7782-49-2 mg/kg 8 / 8 0 6.70E-01 8.00E-01 8.68E-01 N 9.44E-01 8.68E-01 mg/kg 95UCL (2)
Silver 7440-22-4 mg/kg 4 / 8 0 1.65E-02 3.41E-02 3.94E-02 NP 6.00E-02 3.94E-02 mg/kg 95UCL (12)
Vanadium 7440-62-2 mg/kg 8 / 8 0 7.91E-01 1.17E+00 1.32E+00 N 1.55E+00 1.32E+00 mg/kg 95UCL (2)
Zinc 7440-66-6 mg/kg 8 / 8 0 1.25E+01 1.84E+01 2.13E+01 N 2.63E+01 2.13E+01 mg/kg 95UCL (2)
Pesticides
4,4'-DDD 72-54-8 mg/kg 8 / 8 0 9.00E-05 4.94E-04 6.18E-04 N 7.20E-04 6.18E-04 mg/kg 95UCL (2)
4,4'-DDE 72-55-9 mg/kg 8 / 8 0 2.50E-04 1.09E-03 1.36E-03 N 1.45E-03 1.36E-03 mg/kg 95UCL (2)
alpha-Chlordane 5103-71-9 mg/kg 8 / 8 0 3.00E-05 1.39E-04 1.78E-04 N 2.20E-04 1.78E-04 mg/kg 95UCL (2)
Dieldrin 60-57-1 mg/kg 8 / 8 0 3.00E-05 2.30E-04 3.22E-04 N 4.50E-04 3.22E-04 mg/kg 95UCL (2)
gamma-Chlordane 5566-34-7 mg/kg 8 / 8 0 4.00E-05 1.40E-04 1.75E-04 N 2.20E-04 1.75E-04 mg/kg 95UCL (2)
PAHs
Acenaphthene 83-32-9 mg/kg 6 / 8 0 1.40E-04 2.06E-04 2.31E-04 NP 2.80E-04 2.31E-04 mg/kg 95UCL (12)
Acenaphthylene 208-96-8 mg/kg 6 / 8 0 2.10E-04 2.86E-04 3.18E-04 NP 4.11E-04 3.18E-04 mg/kg 95UCL (12)
Anthracene 120-12-7 mg/kg 7 / 8 0 9.61E-04 1.62E-03 2.04E-03 NP 3.19E-03 2.04E-03 mg/kg 95UCL (12)
Fluorene 86-73-7 mg/kg 6 / 8 0 2.25E-04 3.43E-04 3.74E-04 NP 4.00E-04 3.74E-04 mg/kg 95UCL (12)
Phenanthrene 85-01-8 mg/kg 7 / 8 0 1.08E-03 2.14E-03 2.50E-03 NP 3.14E-03 2.50E-03 mg/kg 95UCL (12)
Benzo(a)anthracene 56-55-3 mg/kg 7 / 8 0 2.15E-03 3.39E-03 4.00E-03 NP 5.51E-03 4.00E-03 mg/kg 95UCL (12)
Benzo(a)pyrene 50-32-8 mg/kg 8 / 8 0 6.20E-04 3.25E-03 4.05E-03 N 4.47E-03 4.05E-03 mg/kg 95UCL (2)
Benzo(b)fluoranthene 205-99-2 mg/kg 8 / 8 0 5.74E-04 4.00E-03 5.04E-03 N 5.25E-03 5.04E-03 mg/kg 95UCL (2)
Benzo(g,h,i)perylene 191-24-2 mg/kg 7 / 8 0 2.09E-03 3.16E-03 3.67E-03 NP 4.37E-03 3.67E-03 mg/kg 95UCL (12)
Benzo(k)fluoranthene 207-08-9 mg/kg 8 / 8 0 8.77E-04 3.90E-03 4.84E-03 N 5.05E-03 4.84E-03 mg/kg 95UCL (2)
Chrysene 218-01-9 mg/kg 8 / 8 0 7.95E-04 4.68E-03 6.15E-03 N 8.44E-03 6.15E-03 mg/kg 95UCL (2)
Dibenz(a,h)anthracene 53-70-3 mg/kg 6 / 8 0 1.50E-04 1.97E-04 2.13E-04 NP 2.41E-04 2.13E-04 mg/kg 95UCL (12)
Fluoranthene 206-44-0 mg/kg 8 / 8 0 2.29E-03 1.13E-02 1.50E-02 N 2.05E-02 1.50E-02 mg/kg 95UCL (2)
Indeno(1,2,3-cd)pyrene 193-39-5 mg/kg 7 / 8 0 1.04E-03 1.69E-03 1.95E-03 NP 2.30E-03 1.95E-03 mg/kg 95UCL (12)
Pyrene 129-00-0 mg/kg 8 / 8 0 2.39E-03 1.16E-02 1.46E-02 N 1.64E-02 1.46E-02 mg/kg 95UCL (2)
Butyltins
Monobutyltin 78763-54-9 mg/kg 1 / 1 7 8.74E-04 8.74E-04 N/A -- 8.74E-04 8.74E-04 mg/kg Max (1)
Dibutyltin 1002-53-5 mg/kg 8 / 8 0 1.02E-03 1.39E-03 1.51E-03 N 1.66E-03 1.51E-03 mg/kg 95UCL (2)
Tributyltin 688-73-3 mg/kg 8 / 8 0 2.86E-03 4.13E-03 4.58E-03 N 4.89E-03 4.58E-03 mg/kg 95UCL (2)
PCBs
Total PCB Congeners 1336-36-3 mg/kg 8 / 8 0 4.72E-03 3.44E-02 4.77E-02 N 6.53E-02 4.77E-02 mg/kg 95UCL (2)
Total TEQ – PCB DLC -- mg/kg 8 / 8 0 4.01E-06 9.47E-06 1.92E-05 NP 1.85E-05 1.85E-05 mg/kg Max (1)
Dioxins
Total TEQ – TCDD DLC -- mg/kg 2 / 2 0 4.75E-07 4.80E-07 N/A -- 4.86E-07 4.86E-07 mg/kg Max (1)

95 UCL 
Distribution (c)

Maximum 
Detected

Concentration

Exposure Point Concentration
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TABLE A-2
Exposure Point Concentration Summary for Macoma

Scenario Timeframe:  Current and Future
Medium:  Macoma
Exposure Medium:  Tissue

Value Units Statistic (d) Method (e)
95 UCL 

Distribution (c)

Maximum 
Detected

Concentration

Exposure Point Concentration

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Exposure Point Area Chemical of Potential 
Concern CAS Number Units Detection 

Frequency

Number of 
High 

Censored 
Results (a)

Arithmetic 
Mean (b)

Minimum 
Concentration

India Basin Area I Metals
Aluminum 7429-90-5 mg/kg 6 / 6 0 1.02E+02 2.35E+02 3.22E+02 N 3.55E+02 3.22E+02 mg/kg 95UCL (2)
Antimony 7440-36-0 mg/kg 6 / 6 0 1.60E-02 2.02E-02 2.40E-02 LN 2.81E-02 2.40E-02 mg/kg 95UCL (3)
Arsenic 7440-38-2 mg/kg 6 / 6 0 2.92E+00 3.23E+00 3.47E+00 N 3.63E+00 3.47E+00 mg/kg 95UCL (2)
Barium 7440-39-3 mg/kg 6 / 6 0 1.23E+00 2.24E+00 2.99E+00 N 3.72E+00 2.99E+00 mg/kg 95UCL (2)
Cadmium 7440-43-9 mg/kg 6 / 6 0 3.10E-02 3.98E-02 4.75E-02 N 5.62E-02 4.75E-02 mg/kg 95UCL (2)
Chromium 7440-47-3 mg/kg 6 / 6 0 8.04E-01 1.30E+00 1.61E+00 N 1.89E+00 1.61E+00 mg/kg 95UCL (2)
Cobalt 7440-48-4 mg/kg 6 / 6 0 2.28E-01 3.19E-01 3.73E-01 N 3.86E-01 3.73E-01 mg/kg 95UCL (2)
Copper 7440-50-8 mg/kg 6 / 6 0 1.47E+00 2.09E+00 2.42E+00 N 2.50E+00 2.42E+00 mg/kg 95UCL (2)
Iron 7439-89-6 mg/kg 6 / 6 0 1.93E+02 2.92E+02 3.57E+02 N 4.09E+02 3.57E+02 mg/kg 95UCL (2)
Lead 7439-92-1 mg/kg 6 / 6 0 3.01E-01 3.74E-01 4.18E-01 N 4.46E-01 4.18E-01 mg/kg 95UCL (2)
Manganese 7439-96-5 mg/kg 6 / 6 0 2.35E+00 3.53E+00 4.47E+00 N 5.37E+00 4.47E+00 mg/kg 95UCL (2)
Mercury 7439-97-6 mg/kg 3 / 5 1 1.87E-02 1.99E-02 2.09E-02 NP 2.15E-02 2.09E-02 mg/kg 95UCL (12)
Molybdenum 7439-98-7 mg/kg 6 / 6 0 3.63E-01 4.20E-01 4.55E-01 N 4.69E-01 4.55E-01 mg/kg 95UCL (2)
Nickel 7440-02-0 mg/kg 6 / 6 0 8.43E-01 1.33E+00 2.00E+00 N 2.86E+00 2.00E+00 mg/kg 95UCL (19)
Selenium 7782-49-2 mg/kg 6 / 6 0 4.82E-01 6.71E-01 7.91E-01 N 8.24E-01 7.91E-01 mg/kg 95UCL (2)
Silver 7440-22-4 mg/kg 3 / 6 0 2.08E-02 9.13E-02 1.33E-01 NP 2.21E-01 1.33E-01 mg/kg 95UCL (12)
Vanadium 7440-62-2 mg/kg 6 / 6 0 6.96E-01 1.03E+00 1.25E+00 N 1.43E+00 1.25E+00 mg/kg 95UCL (2)
Zinc 7440-66-6 mg/kg 6 / 6 0 1.05E+01 1.49E+01 1.76E+01 N 2.00E+01 1.76E+01 mg/kg 95UCL (2)
Pesticides
4,4'-DDD 72-54-8 mg/kg 6 / 6 0 4.50E-04 6.27E-04 7.67E-04 N 8.40E-04 7.67E-04 mg/kg 95UCL (2)
4,4'-DDE 72-55-9 mg/kg 6 / 6 0 9.60E-04 1.20E-03 1.36E-03 N 1.45E-03 1.36E-03 mg/kg 95UCL (2)
alpha-Chlordane 5103-71-9 mg/kg 5 / 6 0 1.10E-04 2.00E-04 2.55E-04 NP 3.00E-04 2.55E-04 mg/kg 95UCL (12)
Dieldrin 60-57-1 mg/kg 6 / 6 0 1.30E-04 2.30E-04 3.48E-04 N 5.10E-04 3.48E-04 mg/kg 95UCL (2)
gamma-Chlordane 5566-34-7 mg/kg 6 / 6 0 6.00E-05 1.45E-04 2.10E-04 N 2.90E-04 2.10E-04 mg/kg 95UCL (2)
PAHs
Acenaphthene 83-32-9 mg/kg 4 / 6 0 2.68E-04 3.40E-04 3.79E-04 NP 4.30E-04 3.79E-04 mg/kg 95UCL (12)
Acenaphthylene 208-96-8 mg/kg 4 / 6 0 4.10E-04 6.19E-04 7.07E-04 NP 8.70E-04 7.07E-04 mg/kg 95UCL (12)
Anthracene 120-12-7 mg/kg 6 / 6 0 1.46E-03 3.99E-03 6.61E-03 N 1.01E-02 6.61E-03 mg/kg 95UCL (2)
Fluorene 86-73-7 mg/kg 4 / 6 0 3.00E-04 4.45E-04 5.11E-04 NP 6.20E-04 5.11E-04 mg/kg 95UCL (12)
Phenanthrene 85-01-8 mg/kg 6 / 6 0 1.22E-03 2.43E-03 3.39E-03 N 4.45E-03 3.39E-03 mg/kg 95UCL (2)
Benzo(a)anthracene 56-55-3 mg/kg 6 / 6 0 2.94E-03 7.30E-03 1.18E-02 N 1.81E-02 1.18E-02 mg/kg 95UCL (2)
Benzo(a)pyrene 50-32-8 mg/kg 6 / 6 0 3.08E-03 5.64E-03 7.85E-03 N 1.02E-02 7.85E-03 mg/kg 95UCL (2)
Benzo(b)fluoranthene 205-99-2 mg/kg 6 / 6 0 3.20E-03 6.92E-03 9.98E-03 N 1.40E-02 9.98E-03 mg/kg 95UCL (2)
Benzo(g,h,i)perylene 191-24-2 mg/kg 6 / 6 0 1.85E-03 3.21E-03 4.05E-03 N 4.83E-03 4.05E-03 mg/kg 95UCL (2)
Benzo(k)fluoranthene 207-08-9 mg/kg 6 / 6 0 4.03E-03 6.77E-03 9.72E-03 N 1.36E-02 9.72E-03 mg/kg 95UCL (2)
Chrysene 218-01-9 mg/kg 6 / 6 0 4.74E-03 9.80E-03 1.56E-02 N 2.37E-02 1.56E-02 mg/kg 95UCL (2)
Dibenz(a,h)anthracene 53-70-3 mg/kg 3 / 6 0 2.36E-04 3.52E-04 3.63E-04 NP 4.20E-04 3.63E-04 mg/kg 95UCL (12)
Fluoranthene 206-44-0 mg/kg 6 / 6 0 1.03E-02 2.43E-02 3.96E-02 N 6.10E-02 3.96E-02 mg/kg 95UCL (2)
Indeno(1,2,3-cd)pyrene 193-39-5 mg/kg 6 / 6 0 8.29E-04 1.99E-03 2.65E-03 N 3.20E-03 2.65E-03 mg/kg 95UCL (2)
Pyrene 129-00-0 mg/kg 6 / 6 0 1.30E-02 2.77E-02 4.41E-02 N 6.71E-02 4.41E-02 mg/kg 95UCL (2)
Butyltins
Dibutyltin 1002-53-5 mg/kg 6 / 6 0 9.19E-04 1.44E-03 1.79E-03 N 2.04E-03 1.79E-03 mg/kg 95UCL (2)
Tributyltin 688-73-3 mg/kg 6 / 6 0 2.89E-03 5.18E-03 7.23E-03 N 9.97E-03 7.23E-03 mg/kg 95UCL (2)
PCBs
Total PCB Congeners 1336-36-3 mg/kg 6 / 6 0 9.42E-03 1.36E-02 1.79E-02 N 2.06E-02 1.79E-02 mg/kg 95UCL (2)
Dioxins
Total TEQ – PCB DLC -- mg/kg 6 / 6 0 4.52E-06 8.85E-06 1.34E-05 N 1.60E-05 1.34E-05 mg/kg 95UCL (2)
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TABLE A-2
Exposure Point Concentration Summary for Macoma

Scenario Timeframe:  Current and Future
Medium:  Macoma
Exposure Medium:  Tissue

Value Units Statistic (d) Method (e)
95 UCL 

Distribution (c)

Maximum 
Detected

Concentration

Exposure Point Concentration

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Exposure Point Area Chemical of Potential 
Concern CAS Number Units Detection 

Frequency

Number of 
High 

Censored 
Results (a)

Arithmetic 
Mean (b)

Minimum 
Concentration

Oil Reclamation Area Metals
Aluminum 7429-90-5 mg/kg 6 / 6 0 1.71E+02 3.18E+02 4.34E+02 N 5.84E+02 4.34E+02 mg/kg 95UCL (2)
Antimony 7440-36-0 mg/kg 6 / 6 0 2.31E-02 3.33E-02 4.43E-02 N 5.75E-02 4.43E-02 mg/kg 95UCL (2)
Arsenic 7440-38-2 mg/kg 6 / 6 0 3.07E+00 3.53E+00 3.90E+00 N 4.09E+00 3.90E+00 mg/kg 95UCL (2)
Barium 7440-39-3 mg/kg 6 / 6 0 1.33E+00 2.72E+00 3.67E+00 N 4.72E+00 3.67E+00 mg/kg 95UCL (2)
Cadmium 7440-43-9 mg/kg 6 / 6 0 3.43E-02 1.15E-01 2.00E-01 N 2.91E-01 2.00E-01 mg/kg 95UCL (2)
Chromium 7440-47-3 mg/kg 6 / 6 0 8.63E-01 3.21E+00 4.69E+00 N 5.54E+00 4.69E+00 mg/kg 95UCL (2)
Cobalt 7440-48-4 mg/kg 6 / 6 0 2.35E-01 3.64E-01 4.55E-01 N 5.45E-01 4.55E-01 mg/kg 95UCL (2)
Copper 7440-50-8 mg/kg 6 / 6 0 2.23E+00 2.97E+00 3.64E+00 N 4.39E+00 3.64E+00 mg/kg 95UCL (2)
Iron 7439-89-6 mg/kg 6 / 6 0 2.23E+02 4.55E+02 5.98E+02 N 7.39E+02 5.98E+02 mg/kg 95UCL (2)
Lead 7439-92-1 mg/kg 6 / 6 0 3.82E-01 7.60E-01 1.06E+00 N 1.43E+00 1.06E+00 mg/kg 95UCL (2)
Manganese 7439-96-5 mg/kg 6 / 6 0 2.29E+00 5.74E+00 8.02E+00 N 9.00E+00 8.02E+00 mg/kg 95UCL (2)
Mercury 7439-97-6 mg/kg 5 / 6 0 1.63E-02 2.10E-02 2.46E-02 NP 2.91E-02 2.46E-02 mg/kg 95UCL (12)
Molybdenum 7439-98-7 mg/kg 6 / 6 0 3.70E-01 4.50E-01 5.08E-01 N 5.39E-01 5.08E-01 mg/kg 95UCL (2)
Nickel 7440-02-0 mg/kg 6 / 6 0 8.36E-01 1.47E+00 1.93E+00 N 2.47E+00 1.93E+00 mg/kg 95UCL (2)
Selenium 7782-49-2 mg/kg 6 / 6 0 6.92E-01 7.88E-01 8.68E-01 N 9.26E-01 8.68E-01 mg/kg 95UCL (2)
Silver 7440-22-4 mg/kg 1 / 3 3 3.71E-02 3.71E-02 N/A -- 3.71E-02 3.71E-02 mg/kg Max (1)
Vanadium 7440-62-2 mg/kg 6 / 6 0 6.60E-01 1.51E+00 1.99E+00 N 2.43E+00 1.99E+00 mg/kg 95UCL (2)
Zinc 7440-66-6 mg/kg 6 / 6 0 1.38E+01 1.67E+01 1.88E+01 N 2.05E+01 1.88E+01 mg/kg 95UCL (2)
Pesticides
4,4'-DDD 72-54-8 mg/kg 6 / 6 0 5.30E-04 9.35E-04 1.16E-03 N 1.33E-03 1.16E-03 mg/kg 95UCL (2)
4,4'-DDE 72-55-9 mg/kg 6 / 6 0 1.52E-03 1.99E-03 2.21E-03 N 2.22E-03 2.21E-03 mg/kg 95UCL (2)
4,4'-DDT 50-29-3 mg/kg 1 / 6 0 7.00E-05 7.00E-05 N/A -- 7.00E-05 7.00E-05 mg/kg Max (1)
alpha-Chlordane 5103-71-9 mg/kg 6 / 6 0 1.40E-04 2.35E-04 2.77E-04 N 2.80E-04 2.77E-04 mg/kg 95UCL (2)
Dieldrin 60-57-1 mg/kg 6 / 6 0 1.70E-04 2.22E-04 2.61E-04 N 3.10E-04 2.61E-04 mg/kg 95UCL (2)
gamma-Chlordane 5566-34-7 mg/kg 6 / 6 0 1.60E-04 2.80E-04 3.34E-04 N 3.40E-04 3.34E-04 mg/kg 95UCL (2)
PAHs
Acenaphthene 83-32-9 mg/kg 4 / 5 1 1.00E-04 1.38E-04 1.73E-04 NP 2.00E-04 1.73E-04 mg/kg 95UCL (12)
Acenaphthylene 208-96-8 mg/kg 5 / 6 0 2.30E-04 3.50E-04 4.32E-04 NP 5.42E-04 4.32E-04 mg/kg 95UCL (12)
Anthracene 120-12-7 mg/kg 6 / 6 0 6.90E-04 1.11E-03 1.37E-03 N 1.51E-03 1.37E-03 mg/kg 95UCL (2)
Fluorene 86-73-7 mg/kg 4 / 6 0 1.80E-04 2.28E-04 2.59E-04 NP 3.00E-04 2.59E-04 mg/kg 95UCL (12)
Phenanthrene 85-01-8 mg/kg 6 / 6 0 1.12E-03 2.03E-03 2.58E-03 N 2.88E-03 2.58E-03 mg/kg 95UCL (2)
Benzo(a)anthracene 56-55-3 mg/kg 6 / 6 0 2.09E-03 3.66E-03 4.78E-03 N 5.37E-03 4.78E-03 mg/kg 95UCL (2)
Benzo(a)pyrene 50-32-8 mg/kg 6 / 6 0 3.63E-03 5.08E-03 6.56E-03 N 8.00E-03 6.56E-03 mg/kg 95UCL (2)
Benzo(b)fluoranthene 205-99-2 mg/kg 6 / 6 0 3.38E-03 5.39E-03 6.75E-03 N 7.66E-03 6.75E-03 mg/kg 95UCL (2)
Benzo(g,h,i)perylene 191-24-2 mg/kg 6 / 6 0 1.99E-03 3.37E-03 4.50E-03 N 5.62E-03 4.50E-03 mg/kg 95UCL (2)
Benzo(k)fluoranthene 207-08-9 mg/kg 6 / 6 0 4.86E-03 6.49E-03 8.27E-03 N 9.83E-03 8.27E-03 mg/kg 95UCL (2)
Chrysene 218-01-9 mg/kg 6 / 6 0 3.59E-03 6.46E-03 9.05E-03 N 1.21E-02 9.05E-03 mg/kg 95UCL (2)
Dibenz(a,h)anthracene 53-70-3 mg/kg 4 / 6 0 1.40E-04 2.33E-04 2.79E-04 NP 3.49E-04 2.79E-04 mg/kg 95UCL (12)
Fluoranthene 206-44-0 mg/kg 6 / 6 0 7.32E-03 1.26E-02 1.74E-02 N 2.33E-02 1.74E-02 mg/kg 95UCL (2)
Indeno(1,2,3-cd)pyrene 193-39-5 mg/kg 6 / 6 0 1.12E-03 2.05E-03 2.65E-03 N 3.12E-03 2.65E-03 mg/kg 95UCL (2)
Pyrene 129-00-0 mg/kg 6 / 6 0 9.63E-03 1.52E-02 1.97E-02 N 2.43E-02 1.97E-02 mg/kg 95UCL (2)
Butyltins
Dibutyltin 1002-53-5 mg/kg 6 / 6 0 1.43E-03 2.56E-03 3.72E-03 N 5.31E-03 3.72E-03 mg/kg 95UCL (2)
Tributyltin 688-73-3 mg/kg 6 / 6 0 4.10E-03 1.69E-02 3.21E-02 N 5.28E-02 3.21E-02 mg/kg 95UCL (2)
PCBs
Total PCB Congeners 1336-36-3 mg/kg 6 / 6 0 5.37E-02 1.28E-01 1.71E-01 N 2.04E-01 1.71E-01 mg/kg 95UCL (2)
Total TEQ – PCB DLC -- mg/kg 6 / 6 0 4.59E-06 5.27E-06 5.60E-06 N 5.61E-06 5.60E-06 mg/kg 95UCL (2)
Dioxins
Total TEQ – TCDD DLC -- mg/kg 2 / 2 0 4.55E-07 6.17E-07 N/A -- 7.79E-07 7.79E-07 mg/kg Max (1)
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TABLE A-2
Exposure Point Concentration Summary for Macoma

Scenario Timeframe:  Current and Future
Medium:  Macoma
Exposure Medium:  Tissue

Value Units Statistic (d) Method (e)
95 UCL 

Distribution (c)

Maximum 
Detected

Concentration

Exposure Point Concentration

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Exposure Point Area Chemical of Potential 
Concern CAS Number Units Detection 

Frequency

Number of 
High 

Censored 
Results (a)

Arithmetic 
Mean (b)

Minimum 
Concentration

Point Avisadero Area Metals
Aluminum 7429-90-5 mg/kg 16 / 16 0 1.94E+02 2.83E+02 3.15E+02 N 4.48E+02 3.15E+02 mg/kg 95UCL (2)
Antimony 7440-36-0 mg/kg 16 / 16 0 1.65E-02 2.34E-02 2.59E-02 N 3.79E-02 2.59E-02 mg/kg 95UCL (2)
Arsenic 7440-38-2 mg/kg 16 / 16 0 2.61E+00 3.38E+00 3.53E+00 N 3.89E+00 3.53E+00 mg/kg 95UCL (2)
Barium 7440-39-3 mg/kg 16 / 16 0 1.93E+00 2.91E+00 3.32E+00 N 4.87E+00 3.32E+00 mg/kg 95UCL (2)
Cadmium 7440-43-9 mg/kg 16 / 16 0 3.05E-02 4.60E-02 4.98E-02 N 6.30E-02 4.98E-02 mg/kg 95UCL (2)
Chromium 7440-47-3 mg/kg 16 / 16 0 8.33E-01 2.67E+00 3.30E+00 N 5.28E+00 3.30E+00 mg/kg 95UCL (2)
Cobalt 7440-48-4 mg/kg 16 / 16 0 2.97E-01 4.01E-01 4.24E-01 N 4.87E-01 4.24E-01 mg/kg 95UCL (2)
Copper 7440-50-8 mg/kg 16 / 16 0 1.71E+00 6.58E+00 1.51E+01 NP 3.21E+01 1.51E+01 mg/kg 95UCL (4)
Iron 7439-89-6 mg/kg 16 / 16 0 2.84E+02 4.35E+02 4.85E+02 N 6.33E+02 4.85E+02 mg/kg 95UCL (2)
Lead 7439-92-1 mg/kg 16 / 16 0 2.91E-01 4.74E-01 5.46E-01 N 9.26E-01 5.46E-01 mg/kg 95UCL (2)
Manganese 7439-96-5 mg/kg 16 / 16 0 3.49E+00 6.52E+00 7.50E+00 N 1.00E+01 7.50E+00 mg/kg 95UCL (2)
Mercury 7439-97-6 mg/kg 13 / 16 0 1.66E-02 1.05E-01 3.48E-01 NP 6.63E-01 3.48E-01 mg/kg 95UCL (14)
Molybdenum 7439-98-7 mg/kg 16 / 16 0 3.22E-01 4.29E-01 4.55E-01 N 5.48E-01 4.55E-01 mg/kg 95UCL (2)
Nickel 7440-02-0 mg/kg 16 / 16 0 1.01E+00 1.38E+00 1.53E+00 N 2.25E+00 1.53E+00 mg/kg 95UCL (2)
Selenium 7782-49-2 mg/kg 16 / 16 0 4.32E-01 6.48E-01 7.12E-01 N 9.22E-01 7.12E-01 mg/kg 95UCL (2)
Silver 7440-22-4 mg/kg 3 / 16 0 2.16E-02 2.98E-02 2.59E-02 NP 4.53E-02 2.59E-02 mg/kg 95UCL (12)
Vanadium 7440-62-2 mg/kg 16 / 16 0 8.83E-01 1.39E+00 1.54E+00 N 1.95E+00 1.54E+00 mg/kg 95UCL (2)
Zinc 7440-66-6 mg/kg 16 / 16 0 1.21E+01 1.69E+01 1.80E+01 N 2.12E+01 1.80E+01 mg/kg 95UCL (2)
Pesticides
4,4'-DDD 72-54-8 mg/kg 16 / 16 0 3.40E-04 4.95E-04 5.35E-04 N 6.40E-04 5.35E-04 mg/kg 95UCL (2)
4,4'-DDE 72-55-9 mg/kg 16 / 16 0 7.20E-04 9.83E-04 1.06E-03 N 1.31E-03 1.06E-03 mg/kg 95UCL (2)
4,4'-DDT 50-29-3 mg/kg 1 / 16 0 2.60E-04 2.60E-04 N/A -- 2.60E-04 2.60E-04 mg/kg Max (1)
alpha-Chlordane 5103-71-9 mg/kg 15 / 16 0 7.00E-05 1.13E-04 1.23E-04 NP 1.60E-04 1.23E-04 mg/kg 95UCL (12)
Dieldrin 60-57-1 mg/kg 12 / 16 0 1.00E-04 1.56E-04 1.60E-04 NP 3.00E-04 1.60E-04 mg/kg 95UCL (12)
gamma-Chlordane 5566-34-7 mg/kg 14 / 16 0 4.00E-05 1.19E-04 1.31E-04 NP 1.90E-04 1.31E-04 mg/kg 95UCL (12)
PAHs
Acenaphthene 83-32-9 mg/kg 15 / 16 0 1.90E-04 2.73E-04 3.01E-04 NP 4.90E-04 3.01E-04 mg/kg 95UCL (12)
Acenaphthylene 208-96-8 mg/kg 15 / 16 0 2.50E-04 4.77E-04 5.21E-04 NP 6.90E-04 5.21E-04 mg/kg 95UCL (12)
Anthracene 120-12-7 mg/kg 16 / 16 0 1.06E-03 2.65E-03 3.19E-03 N 5.02E-03 3.19E-03 mg/kg 95UCL (2)
Fluorene 86-73-7 mg/kg 15 / 16 0 2.00E-04 4.05E-04 4.51E-04 NP 7.00E-04 4.51E-04 mg/kg 95UCL (12)
Phenanthrene 85-01-8 mg/kg 15 / 16 0 1.28E-03 2.86E-03 3.29E-03 NP 5.87E-03 3.29E-03 mg/kg 95UCL (12)
Benzo(a)anthracene 56-55-3 mg/kg 16 / 16 0 1.78E-03 4.86E-03 6.08E-03 G 9.81E-03 6.08E-03 mg/kg 95UCL (11)
Benzo(a)pyrene 50-32-8 mg/kg 16 / 16 0 1.92E-03 4.84E-03 5.43E-03 N 7.10E-03 5.43E-03 mg/kg 95UCL (2)
Benzo(b)fluoranthene 205-99-2 mg/kg 16 / 16 0 2.01E-03 4.72E-03 5.29E-03 N 7.07E-03 5.29E-03 mg/kg 95UCL (2)
Benzo(g,h,i)perylene 191-24-2 mg/kg 16 / 16 0 1.19E-03 2.73E-03 3.14E-03 N 4.63E-03 3.14E-03 mg/kg 95UCL (2)
Benzo(k)fluoranthene 207-08-9 mg/kg 16 / 16 0 2.69E-03 5.57E-03 6.25E-03 N 8.25E-03 6.25E-03 mg/kg 95UCL (2)
Chrysene 218-01-9 mg/kg 16 / 16 0 2.60E-03 6.67E-03 7.84E-03 N 1.25E-02 7.84E-03 mg/kg 95UCL (2)
Dibenz(a,h)anthracene 53-70-3 mg/kg 14 / 16 0 1.30E-04 2.02E-04 2.15E-04 NP 3.10E-04 2.15E-04 mg/kg 95UCL (12)
Fluoranthene 206-44-0 mg/kg 16 / 16 0 7.20E-03 1.74E-02 2.02E-02 N 3.08E-02 2.02E-02 mg/kg 95UCL (2)
Indeno(1,2,3-cd)pyrene 193-39-5 mg/kg 16 / 16 0 6.00E-04 1.70E-03 2.07E-03 N 3.66E-03 2.07E-03 mg/kg 95UCL (2)
Pyrene 129-00-0 mg/kg 15 / 16 0 8.79E-03 2.16E-02 2.48E-02 NP 3.81E-02 2.48E-02 mg/kg 95UCL (12)
Butyltins
Monobutyltin 78763-54-9 mg/kg 2 / 2 14 1.34E-03 1.47E-03 N/A -- 1.60E-03 1.60E-03 mg/kg Max (1)
Dibutyltin 1002-53-5 mg/kg 16 / 16 0 1.20E-03 5.83E-03 8.17E-03 N 2.00E-02 8.17E-03 mg/kg 95UCL (2)
Tributyltin 688-73-3 mg/kg 16 / 16 0 4.80E-03 5.59E-02 8.07E-02 N 2.09E-01 8.07E-02 mg/kg 95UCL (2)
PCBs
Total PCB Congeners 1336-36-3 mg/kg 16 / 16 0 8.11E-03 1.99E-02 2.80E-02 G 6.63E-02 2.80E-02 mg/kg 95UCL (11)
Dioxins
Total TEQ – PCB DLC -- mg/kg 16 / 16 0 3.52E-06 6.30E-06 8.17E-06 N 1.65E-05 8.17E-06 mg/kg 95UCL (19)
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TABLE A-2
Exposure Point Concentration Summary for Macoma

Scenario Timeframe:  Current and Future
Medium:  Macoma
Exposure Medium:  Tissue

Value Units Statistic (d) Method (e)
95 UCL 

Distribution (c)

Maximum 
Detected

Concentration

Exposure Point Concentration

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Exposure Point Area Chemical of Potential 
Concern CAS Number Units Detection 

Frequency

Number of 
High 

Censored 
Results (a)

Arithmetic 
Mean (b)

Minimum 
Concentration

South Basin Area X Metals
Aluminum 7429-90-5 mg/kg 23 / 23 0 3.14E+01 2.54E+02 2.88E+02 N 4.59E+02 2.88E+02 mg/kg 95UCL (2)
Antimony 7440-36-0 mg/kg 23 / 23 0 1.92E-02 4.42E-02 8.36E-02 NP 2.31E-01 8.36E-02 mg/kg 95UCL (4)
Arsenic 7440-38-2 mg/kg 23 / 23 0 2.00E+00 3.24E+00 3.42E+00 N 3.97E+00 3.42E+00 mg/kg 95UCL (2)
Barium 7440-39-3 mg/kg 23 / 23 0 4.67E-01 2.62E+00 3.03E+00 N 6.04E+00 3.03E+00 mg/kg 95UCL (2)
Cadmium 7440-43-9 mg/kg 23 / 23 0 2.51E-02 4.45E-02 4.99E-02 N 8.40E-02 4.99E-02 mg/kg 95UCL (2)
Chromium 7440-47-3 mg/kg 23 / 23 0 4.60E-01 1.74E+00 2.00E+00 N 3.52E+00 2.00E+00 mg/kg 95UCL (2)
Cobalt 7440-48-4 mg/kg 23 / 23 0 1.47E-01 3.25E-01 3.54E-01 N 4.80E-01 3.54E-01 mg/kg 95UCL (2)
Copper 7440-50-8 mg/kg 23 / 23 0 2.07E+00 3.20E+00 3.44E+00 N 4.43E+00 3.44E+00 mg/kg 95UCL (2)
Iron 7439-89-6 mg/kg 23 / 23 0 1.07E+02 3.43E+02 3.82E+02 N 6.28E+02 3.82E+02 mg/kg 95UCL (2)
Lead 7439-92-1 mg/kg 23 / 23 0 3.76E-01 1.15E+00 1.31E+00 N 2.35E+00 1.31E+00 mg/kg 95UCL (2)
Manganese 7439-96-5 mg/kg 23 / 23 0 2.20E+00 3.92E+00 4.37E+00 N 6.72E+00 4.37E+00 mg/kg 95UCL (2)
Mercury 7439-97-6 mg/kg 19 / 23 0 1.69E-02 2.32E-02 2.45E-02 NP 3.13E-02 2.45E-02 mg/kg 95UCL (12)
Molybdenum 7439-98-7 mg/kg 23 / 23 0 3.04E-01 4.35E-01 4.59E-01 N 5.63E-01 4.59E-01 mg/kg 95UCL (2)
Nickel 7440-02-0 mg/kg 23 / 23 0 3.51E-01 1.21E+00 1.34E+00 N 1.84E+00 1.34E+00 mg/kg 95UCL (2)
Selenium 7782-49-2 mg/kg 23 / 23 0 3.47E-01 6.88E-01 7.45E-01 N 9.33E-01 7.45E-01 mg/kg 95UCL (2)
Silver 7440-22-4 mg/kg 4 / 16 7 3.88E-02 3.95E-02 2.48E-02 NP 4.09E-02 2.48E-02 mg/kg 95UCL (12)
Vanadium 7440-62-2 mg/kg 23 / 23 0 4.05E-01 1.08E+00 1.20E+00 N 1.84E+00 1.20E+00 mg/kg 95UCL (2)
Zinc 7440-66-6 mg/kg 23 / 23 0 9.91E+00 1.69E+01 1.84E+01 N 2.40E+01 1.84E+01 mg/kg 95UCL (2)
Pesticides
4,4'-DDD 72-54-8 mg/kg 23 / 23 0 5.10E-04 1.62E-03 1.86E-03 N 3.94E-03 1.86E-03 mg/kg 95UCL (2)
4,4'-DDE 72-55-9 mg/kg 23 / 23 0 4.70E-04 5.20E-03 6.10E-03 N 1.07E-02 6.10E-03 mg/kg 95UCL (2)
4,4'-DDT 50-29-3 mg/kg 7 / 23 0 6.00E-05 2.34E-04 1.32E-04 NP 3.80E-04 1.32E-04 mg/kg 95UCL (16)
alpha-Chlordane 5103-71-9 mg/kg 23 / 23 0 9.00E-05 6.12E-04 1.08E-03 NP 2.69E-03 1.08E-03 mg/kg 95UCL (4)
Dieldrin 60-57-1 mg/kg 21 / 23 0 3.40E-04 1.03E-03 1.82E-03 NP 4.69E-03 1.82E-03 mg/kg 95UCL (13)
gamma-Chlordane 5566-34-7 mg/kg 23 / 23 0 9.00E-05 8.50E-04 1.52E-03 NP 3.74E-03 1.52E-03 mg/kg 95UCL (4)
PAHs
2-Methylnaphthalene 91-57-6 mg/kg 2 / 23 0 4.02E-04 5.26E-04 3.30E-04 NP 6.50E-04 3.30E-04 mg/kg 95UCL (12)
Acenaphthene 83-32-9 mg/kg 16 / 23 0 9.00E-05 2.77E-04 3.28E-04 NP 1.01E-03 3.28E-04 mg/kg 95UCL (17)
Acenaphthylene 208-96-8 mg/kg 17 / 23 0 1.10E-04 4.89E-04 4.91E-04 NP 9.00E-04 4.91E-04 mg/kg 95UCL (16)
Anthracene 120-12-7 mg/kg 23 / 23 0 4.70E-04 1.61E-03 1.91E-03 N 3.40E-03 1.91E-03 mg/kg 95UCL (2)
Fluorene 86-73-7 mg/kg 18 / 23 0 1.30E-04 3.54E-04 3.69E-04 NP 6.50E-04 3.69E-04 mg/kg 95UCL (12)
Naphthalene 91-20-3 mg/kg 1 / 23 0 1.98E-03 1.98E-03 N/A -- 1.98E-03 1.98E-03 mg/kg Max (1)
Phenanthrene 85-01-8 mg/kg 21 / 23 0 9.70E-04 2.66E-03 3.91E-03 NP 6.50E-03 3.91E-03 mg/kg 95UCL (13)
Benzo(a)anthracene 56-55-3 mg/kg 23 / 23 0 3.90E-04 4.55E-03 5.25E-03 N 8.13E-03 5.25E-03 mg/kg 95UCL (2)
Benzo(a)pyrene 50-32-8 mg/kg 23 / 23 0 4.40E-04 6.75E-03 7.83E-03 N 1.65E-02 7.83E-03 mg/kg 95UCL (2)
Benzo(b)fluoranthene 205-99-2 mg/kg 23 / 23 0 6.30E-04 7.81E-03 8.90E-03 N 1.55E-02 8.90E-03 mg/kg 95UCL (2)
Benzo(g,h,i)perylene 191-24-2 mg/kg 23 / 23 0 4.30E-04 4.75E-03 5.42E-03 N 9.65E-03 5.42E-03 mg/kg 95UCL (2)
Benzo(k)fluoranthene 207-08-9 mg/kg 23 / 23 0 6.20E-04 8.66E-03 1.16E-02 NP 1.65E-02 1.16E-02 mg/kg 95UCL (4)
Chrysene 218-01-9 mg/kg 23 / 23 0 1.95E-03 7.48E-03 8.81E-03 N 1.66E-02 8.81E-03 mg/kg 95UCL (2)
Dibenz(a,h)anthracene 53-70-3 mg/kg 20 / 23 0 2.30E-04 3.86E-04 5.36E-04 NP 9.40E-04 5.36E-04 mg/kg 95UCL (13)
Fluoranthene 206-44-0 mg/kg 23 / 23 0 3.25E-03 1.79E-02 2.35E-02 G 5.39E-02 2.35E-02 mg/kg 95UCL (11)
Indeno(1,2,3-cd)pyrene 193-39-5 mg/kg 23 / 23 0 1.90E-04 3.10E-03 3.66E-03 N 7.30E-03 3.66E-03 mg/kg 95UCL (2)
Pyrene 129-00-0 mg/kg 21 / 23 0 2.80E-03 2.36E-02 3.02E-02 G 8.08E-02 3.02E-02 mg/kg 95UCL (20)
Butyltins
Dibutyltin 1002-53-5 mg/kg 21 / 21 2 1.03E-03 2.12E-03 2.46E-03 N 4.30E-03 2.46E-03 mg/kg 95UCL (19)
Tributyltin 688-73-3 mg/kg 23 / 23 0 2.11E-03 9.00E-03 1.22E-02 G 3.41E-02 1.22E-02 mg/kg 95UCL (11)
PCBs
Total PCB Congeners 1336-36-3 mg/kg 23 / 23 0 1.01E-01 2.68E-01 3.30E-01 G 6.62E-01 3.30E-01 mg/kg 95UCL (11)
Total TEQ – PCB DLC -- mg/kg 23 / 23 0 3.76E-06 6.32E-06 7.67E-06 N 1.73E-05 7.67E-06 mg/kg 95UCL (19)
Dioxins
Total TEQ – TCDD DLC -- mg/kg 2 / 2 0 5.40E-07 7.10E-07 N/A -- 8.80E-07 8.80E-07 mg/kg Max (1)
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TABLE A-2
Exposure Point Concentration Summary for Macoma

Scenario Timeframe:  Current and Future
Medium:  Macoma
Exposure Medium:  Tissue

Value Units Statistic (d) Method (e)
95 UCL 

Distribution (c)

Maximum 
Detected

Concentration

Exposure Point Concentration

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Exposure Point Area Chemical of Potential 
Concern CAS Number Units Detection 

Frequency

Number of 
High 

Censored 
Results (a)

Arithmetic 
Mean (b)

Minimum 
Concentration

Reference Area Metals
Aluminum 7429-90-5 mg/kg 25 / 25 0 4.96E+01 2.46E+02 2.79E+02 N 4.56E+02 2.79E+02 mg/kg 95UCL (2)
Antimony 7440-36-0 mg/kg 24 / 25 0 1.42E-02 2.48E-02 2.67E-02 NP 4.25E-02 2.67E-02 mg/kg 95UCL (12)
Arsenic 7440-38-2 mg/kg 25 / 25 0 2.72E+00 3.50E+00 3.78E+00 N 6.47E+00 3.78E+00 mg/kg 95UCL (19)
Barium 7440-39-3 mg/kg 25 / 25 0 8.08E-01 2.60E+00 2.94E+00 N 5.36E+00 2.94E+00 mg/kg 95UCL (2)
Cadmium 7440-43-9 mg/kg 25 / 25 0 3.38E-02 8.12E-02 1.45E-01 NP 3.53E-01 1.45E-01 mg/kg 95UCL (4)
Chromium 7440-47-3 mg/kg 25 / 25 0 6.70E-01 2.21E+00 2.82E+00 LN 8.31E+00 2.82E+00 mg/kg 95UCL (3)
Cobalt 7440-48-4 mg/kg 25 / 25 0 2.89E-01 4.70E-01 5.09E-01 N 7.56E-01 5.09E-01 mg/kg 95UCL (2)
Copper 7440-50-8 mg/kg 25 / 25 0 1.61E+00 2.26E+00 2.49E+00 N 4.93E+00 2.49E+00 mg/kg 95UCL (19)
Iron 7439-89-6 mg/kg 25 / 25 0 1.24E+02 3.45E+02 3.92E+02 N 6.92E+02 3.92E+02 mg/kg 95UCL (2)
Lead 7439-92-1 mg/kg 25 / 25 0 2.10E-01 4.33E-01 4.90E-01 N 8.80E-01 4.90E-01 mg/kg 95UCL (2)
Manganese 7439-96-5 mg/kg 25 / 25 0 4.08E+00 7.17E+00 7.93E+00 N 1.25E+01 7.93E+00 mg/kg 95UCL (2)
Mercury 7439-97-6 mg/kg 16 / 25 0 1.63E-02 2.42E-02 2.54E-02 NP 5.44E-02 2.54E-02 mg/kg 95UCL (17)
Molybdenum 7439-98-7 mg/kg 25 / 25 0 3.66E-01 4.55E-01 4.92E-01 N 8.95E-01 4.92E-01 mg/kg 95UCL (19)
Nickel 7440-02-0 mg/kg 25 / 25 0 7.52E-01 1.24E+00 1.36E+00 N 2.13E+00 1.36E+00 mg/kg 95UCL (2)
Selenium 7782-49-2 mg/kg 25 / 25 0 4.66E-01 7.31E-01 7.87E-01 N 1.15E+00 7.87E-01 mg/kg 95UCL (2)
Silver 7440-22-4 mg/kg 9 / 23 2 1.92E-02 2.81E-02 2.76E-02 NP 4.25E-02 2.76E-02 mg/kg 95UCL (12)
Vanadium 7440-62-2 mg/kg 25 / 25 0 5.84E-01 1.32E+00 1.52E+00 G 2.50E+00 1.52E+00 mg/kg 95UCL (11)
Zinc 7440-66-6 mg/kg 25 / 25 0 1.26E+01 1.68E+01 1.83E+01 N 3.17E+01 1.83E+01 mg/kg 95UCL (19)
Pesticides
4,4'-DDD 72-54-8 mg/kg 25 / 25 0 1.70E-04 4.60E-04 5.06E-04 N 7.50E-04 5.06E-04 mg/kg 95UCL (2)
4,4'-DDE 72-55-9 mg/kg 25 / 25 0 4.20E-04 7.93E-04 8.73E-04 N 1.29E-03 8.73E-04 mg/kg 95UCL (2)
4,4'-DDT 50-29-3 mg/kg 1 / 25 0 3.70E-04 3.70E-04 N/A -- 3.70E-04 3.70E-04 mg/kg Max (1)
alpha-Chlordane 5103-71-9 mg/kg 22 / 25 0 5.00E-05 1.08E-04 1.18E-04 NP 2.00E-04 1.18E-04 mg/kg 95UCL (12)
Dieldrin 60-57-1 mg/kg 19 / 25 0 8.00E-05 1.58E-04 1.60E-04 NP 3.60E-04 1.60E-04 mg/kg 95UCL (17)
gamma-Chlordane 5566-34-7 mg/kg 21 / 25 0 2.00E-05 8.71E-05 9.69E-05 G 1.60E-04 9.69E-05 mg/kg 95UCL (20)
PAHs
Acenaphthene 83-32-9 mg/kg 20 / 25 0 9.00E-05 1.74E-04 1.85E-04 NP 2.70E-04 1.85E-04 mg/kg 95UCL (12)
Acenaphthylene 208-96-8 mg/kg 20 / 25 0 1.40E-04 2.94E-04 3.12E-04 NP 5.40E-04 3.12E-04 mg/kg 95UCL (12)
Anthracene 120-12-7 mg/kg 25 / 25 0 3.20E-04 1.01E-03 1.22E-03 G 2.21E-03 1.22E-03 mg/kg 95UCL (11)
Fluorene 86-73-7 mg/kg 20 / 25 0 1.50E-04 2.50E-04 2.67E-04 NP 4.40E-04 2.67E-04 mg/kg 95UCL (16)
Phenanthrene 85-01-8 mg/kg 20 / 25 0 8.40E-04 2.33E-03 2.53E-03 NP 4.62E-03 2.53E-03 mg/kg 95UCL (17)
Benzo(a)anthracene 56-55-3 mg/kg 25 / 25 0 1.07E-03 2.20E-03 2.49E-03 N 4.19E-03 2.49E-03 mg/kg 95UCL (2)
Benzo(a)pyrene 50-32-8 mg/kg 25 / 25 0 1.75E-03 3.37E-03 3.78E-03 N 5.68E-03 3.78E-03 mg/kg 95UCL (2)
Benzo(b)fluoranthene 205-99-2 mg/kg 25 / 25 0 1.30E-03 3.09E-03 3.49E-03 N 5.09E-03 3.49E-03 mg/kg 95UCL (2)
Benzo(g,h,i)perylene 191-24-2 mg/kg 25 / 25 0 8.00E-04 2.61E-03 3.03E-03 N 4.78E-03 3.03E-03 mg/kg 95UCL (2)
Benzo(k)fluoranthene 207-08-9 mg/kg 25 / 25 0 1.76E-03 3.58E-03 3.99E-03 N 6.33E-03 3.99E-03 mg/kg 95UCL (2)
Chrysene 218-01-9 mg/kg 25 / 25 0 1.77E-03 3.77E-03 4.35E-03 N 7.95E-03 4.35E-03 mg/kg 95UCL (2)
Dibenz(a,h)anthracene 53-70-3 mg/kg 14 / 25 0 1.10E-04 1.81E-04 1.41E-04 NP 3.15E-04 1.41E-04 mg/kg 95UCL (12)
Fluoranthene 206-44-0 mg/kg 25 / 25 0 3.86E-03 8.52E-03 1.01E-02 G 1.72E-02 1.01E-02 mg/kg 95UCL (11)
Indeno(1,2,3-cd)pyrene 193-39-5 mg/kg 25 / 25 0 4.70E-04 1.56E-03 1.83E-03 N 2.87E-03 1.83E-03 mg/kg 95UCL (2)
Pyrene 129-00-0 mg/kg 20 / 25 0 4.11E-03 1.11E-02 1.21E-02 NP 2.25E-02 1.21E-02 mg/kg 95UCL (12)
Butyltins
Dibutyltin 1002-53-5 mg/kg 23 / 23 1 1.05E-03 1.46E-03 1.60E-03 G 2.52E-03 1.60E-03 mg/kg 95UCL (11)
Tributyltin 688-73-3 mg/kg 24 / 24 0 2.02E-03 3.88E-03 4.78E-03 N 1.24E-02 4.78E-03 mg/kg 95UCL (19)
PCBs
Total PCB Congeners 1336-36-3 mg/kg 25 / 25 0 5.55E-03 1.01E-02 1.19E-02 N 2.25E-02 1.19E-02 mg/kg 95UCL (19)
Total TEQ – PCB DLC -- mg/kg 25 / 25 0 3.51E-06 5.94E-06 7.17E-06 N 1.65E-05 7.17E-06 mg/kg 95UCL (19)
Dioxins
Total TEQ – TCDD DLC -- mg/kg 5 / 5 0 3.64E-07 3.76E-07 3.87E-07 N 3.90E-07 3.87E-07 mg/kg 95UCL (2)
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TABLE A-2
Exposure Point Concentration Summary for Macoma

Scenario Timeframe:  Current and Future
Medium:  Macoma
Exposure Medium:  Tissue

Value Units Statistic (d) Method (e)
95 UCL 

Distribution (c)

Maximum 
Detected

Concentration

Exposure Point Concentration

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Exposure Point Area Chemical of Potential 
Concern CAS Number Units Detection 

Frequency

Number of 
High 

Censored 
Results (a)

Arithmetic 
Mean (b)

Minimum 
Concentration

Notes:

-- Not applicable
95UCL A 95% upper confidence limit, the upper boundary (or limit) of a confidence interval of a parameter of interest such as the population mean
DDD Dichlorodiphenyldichloroethane
DDE Dichlorodiphenyldichloroethylene
DDT Dichlorodiphenyltrichloroethane
DLC Dioxin-like Congeners
EPC Exposure point concentration
KM Kaplan-Meier product limit estimator
Max Maximum detected concentration
mg/kg Milligram per kilogram
N/A Not applicable, no estimate provided because there were fewer than five total results and four distinct detected results.
PAH Polycyclic Aromatic Hydrocarbons
PCB Polychlorinated biphenyl
TCDD Tetrachlorodibenzo-p-dioxin
TEQ Toxic Equivalents
USEPA United States Environmental Protection Agency

a Number of censored (nondetect) results that exceeded the maximum detected concentration.  The nondetected results are based on the sample-specific detection limits.  These results were excluded from the statistical calculations.
 

b Arithmetic mean based on detected data only.
Distribution Codes: G= gamma, LN= lognormal, N= normal, NP= nonparametric

d The EPC is the lesser of the UCL and the maximum detected result.  The maximum detected result is the default when there are fewer than 5 total results or fewer than 4 detected results.
e All methods follow USEPA (2002, 2013).

Method (Statistic) Codes are defined as follows:
(1) Maximum detected concentration
(2) 95 percent UCL calculated using Student's t distribution
(3) 95 percent UCL calculated using Land's H statistic

(4), (5), (6) 95, 97.5, or 99 percent UCL, respectively, calculated using the nonparametric Chebyshev method
(7), (8), (9) 95, 97.5, or 99 percent UCL, respectively, calculated using the MVUE Chebyshev method

(10) 95 percent UCL calculated using the approximate gamma method
(11) 95 percent UCL calculated using the adjusted gamma method
(12) 95 percent UCL calculated using the KM mean and Student's t cuttoff for the UCL

(13), (14), (15) 95, 97.5, or 99 percent UCL, respectively, calculated using the KM mean and the nonparametric Chebyshev method to estimate the UCL
(16) 95 percent UCL calculated using the KM mean and a percentile bootstrap to estimate the UCL
(17) 95 percent UCL calculated using the KM mean and a BCA bootstrap to estimate the UCL
(18) Hall's bootstrap
(19) 95 percent UCL calculated using Modified t distribution
(20) 95 percent UCL calculated using the adjusted gamma KM statistic

References:
United States Environmental Protection Agency (USEPA). 2002. “Calculating Exposure Point Concentrations at Hazardous Waste Sites.” OSWER 9285.6-10. Office of Emergency and Remedial Response. December.
United States Environmental Protection Agency (USEPA). 2013. “ProUCL Version 5.0.00 Technical Guide.” Prepared by Singh, A., Armbya, N. and Singh, A.K. EPA/600/R-07/041. 2013.

The three data distributions considered in ProUCL 5.0.00 include the normal, lognormal, and the gamma distributions. Shapiro-Wilk (n ≤ 50) and Lilliefors (n > 50) test statistics are used to test for normality or lognormality of a 
data set.  A five percent level of significance was used in all tests.  Distribution tests were only conducted for samples with at least 4 detected results.  Distributions not confirmed as normal, lognormal, or gamma, or not tested, 
were treated as nonparametric in all statistical calculations.
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TABLE A-3

Values Used for Daily Intake, Sediment Exposure

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures 
Scenario Timef Current/Future
Medium:   Sediment
Exposure Mediu Sediment

Exposure 
Route

Receptor 
Population

Receptor 
Age

Exposure 
Point Parameter Parameter Definition

2005 HHRA RME 
Valuea

RME Value Used for 
Updated HHRA Units

RME Exposure 
Value Revised for 
Updated HHRA?

Reference for RME Value Used for Updated HHRA Intake Equationb

Ingestion Construction
Worker 

Adult Parcel F CS Chemical Concentration in 
Sediment

Chemical-specific Chemical-specific mg/kg See Table A-1. Intake (mg/kg-day) = 
  (CS x FI x IRS x EF x ED x MCF) / (BW x AT)

IRS Ingestion Rate – Sediment 100 330 mg/day Yes USEPA, 2002; DTSC, 2014.  Soil ingestion rate 
assumed for sediment ingestion rate.

FI Fraction Ingested 1 1 unitless BBL, 2005
RBA Relative bioavailability (arsenic) -- 0.6 unitless Yes USEPA, 2014 Arsenic Intake (mg/kg-day) = 

  (CS x FI x IRS x RBA x EF x ED x MCF) / (BW x AT)
EF Exposure Frequency 120 250 days/year Yes USEPA, 2002; DTSC, 2014.  Soil exposure frequency 

assumed for sediment exposure frequency.

ED Exposure Duration 1 1 years USEPA, 2002; DTSC, 2014
MCF Mass Conversion Factor 1E-06 1E-06 kg/mg Not applicable
BW Body Weight 70 80 kg Yes USEPA, 2014

AT-C Averaging Time – Cancer 25,550 25,550 days USEPA, 2002; DTSC, 2014
AT-NC Averaging Time – Noncancer 365 365 days USEPA, 2002; DTSC, 2014

Recreational User Adult Parcel F CS Chemical Concentration in 
Sediment

Chemical-specific Chemical-specific mg/kg See Table A-1. Intake (mg/kg-day) =
  (CS x FI x IRS x EF x ED x MCF) / (BW x AT)

IRS Ingestion Rate – Sediment 100 100 mg/day USEPA, 2014; DTSC 2014. Soil ingestion rate 
assumed for sediment ingestion rate.

FI Fraction Ingested 1 1 unitless BBL, 2005 See note c for recreational user intake equation for 
mutagenic chemicals.

RBA Relative bioavailability (arsenic) -- 0.6 unitless Yes USEPA, 2014 Arsenic Intake (mg/kg-day) = 
  (CS x FI x IRS x RBA x EF x ED x MCF) / (BW x AT)

EF Exposure Frequency 26 26 days/year BBL, 2005
ED Exposure Duration 30 20 years Yes USEPA, 2014; DTSC, 2014. Soil exposure duration 

assumed for sediment exposure duration.
MCF Mass Conversion Factor 1E-06 1E-06 kg/mg Not applicable
BW Body Weight 70 80 kg Yes USEPA, 2014

AT-C Averaging Time – Cancer 25,550 25,550 days USEPA, 2014; DTSC, 2014
AT-NC Averaging Time – Noncancer 10,950 7,300 days Yes USEPA, 2014

Child Parcel F CS Chemical Concentration in 
Sediment

Chemical-specific Chemical-specific mg/kg See Table A-1. Intake (mg/kg-day) =
  (CS x FI x IRS x EF x ED x MCF) / ( BW x AT)

IRS Ingestion Rate – Sediment 100 200 mg/day Yes USEPA, 2013; DTSC 2014. Soil ingestion rate 
assumed for sediment ingestion rate.

FI Fraction Ingested 1 1 unitless BBL, 2005 See note b for intake equation for mutagenic chemicals.
RBA Relative bioavailability (arsenic) -- 0.6 unitless Yes USEPA, 2014 Arsenic Intake (mg/kg-day) = 

  (CS x FI x IRS x RBA x EF x ED x MCF) / (BW x AT)
EF Exposure Frequency 26 26 days/year BBL, 2005
ED Exposure Duration 6 6 years USEPA, 2014; DTSC, 2014. Soil exposure duration 

assumed for sediment exposure duration.
MCF Mass Conversion Factor 1E-06 1E-06 kg/mg Not applicable
BW Body Weight 15 15 kg USEPA, 2014; DTSC, 2014

AT-C Averaging Time – Cancer 25,550 25,550 days USEPA, 2014; DTSC, 2014
AT-NC Averaging Time – Noncancer 2,190 2,190 days USEPA, 2014; DTSC, 2014

Dermal Construction 
Worker

Adult Parcel F CS Chemical Concentration in 
Sediment

Chemical-specific Chemical-specific mg/kg See Table A-1.

ABS Dermal Absorption Factor Chemical-specific Chemical-specific unitless See Table A-5.

SA Exposed Skin Surface Area 3,300 6,032 cm2/day Yes DTSC, 2014.  Soil exposed skin surface area 
assumed for sediment exposed skin surface area.

AF Sediment to Skin Adherence 0.2 0.8 mg/cm2 Yes DTSC, 2014.
EF Exposure Frequency 120 250 days/year Yes DTSC, 2014.  Soil exposure frequency assumed for 

sediment exposure frequency.
ED Exposure Duration 1 1 years USEPA, 2002; DTSC, 2014

MCF Mass Conversion Factor 1E-06 1E-06 kg/mg Not applicable
BW Body Weight 70 80 kg Yes USEPA, 2014

AT-C Averaging Time – Cancer 25,550 25,550 days USEPA, 2002; DTSC, 2014
AT-NC Averaging Time – Noncancer 365 365 days USEPA, 2014

Intake (mg/kg-day) = 
  (CS x ABS x SA x AF x EF x ED x MCF) 
        / (BW x AT)

KCH-2622-0005-0138 Page 1 of 2



TABLE A-3

Values Used for Daily Intake, Sediment Exposure

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures 
Scenario Timef Current/Future
Medium:   Sediment
Exposure Mediu Sediment

Exposure 
Route

Receptor 
Population

Receptor 
Age

Exposure 
Point Parameter Parameter Definition

2005 HHRA RME 
Valuea

RME Value Used for 
Updated HHRA Units

RME Exposure 
Value Revised for 
Updated HHRA?

Reference for RME Value Used for Updated HHRA Intake Equationb

Dermal
(Continued)

Recreational User Adult Parcel F CS Chemical Concentration in 
Sediment

Chemical-specific Chemical-specific mg/kg See Table A-1.

ABS Dermal Absorption Factor Chemical-specific Chemical-specific unitless See Table A-5.

SA Exposed Skin Surface Area 5,700 6,032 cm2/day Yes USEPA, 2014; DTSC, 2014.  Soil exposed skin 
surface area assumed for sediment exposed skin 

AF Sediment to Skin Adherence 0.07 0.07 mg/cm2 USEPA, 2014; DTSC, 2014 See note b for intake equation for mutagenic
EF Exposure Frequency 26 26 days/year BBL, 2005 mutagenic chemicals.
ED Exposure Duration 30 20 years Yes USEPA, 2014; DTSC, 2014

MCF Mass Conversion Factor 1E-06 1E-06 kg/mg Not applicable
BW Body Weight 70 80 kg Yes USEPA, 2014

AT-C Averaging Time – Cancer 25,550 25,550 days USEPA, 2014; DTSC, 2014
AT-NC Averaging Time – Noncancer 10,950 7,300 days Yes USEPA, 2014

Child Parcel F CS Chemical Concentration in 
Sediment

Chemical-specific Chemical-specific mg/kg See Table A-1.

ABS Dermal Absorption Factor Chemical-specific Chemical-specific unitless See Table A-5.

SA Exposed Skin Surface Area 2,800 2,900 cm2/day Yes USEPA, 2014; DTSC, 2014.  Soil exposed skin 
surface area assumed for sediment exposed skin 

AF Sediment to Skin Adherence 0.2 0.2 mg/cm2 USEPA, 2014; DTSC 2014 See note b for intake equation for mutagenic
EF Exposure Frequency 26 26 days/year BBL, 2005 mutagenic chemicals.
ED Exposure Duration 6 6 years USEPA, 2014; DTSC, 2014

MCF Mass Conversion Factor 1E-06 1E-06 kg/mg Not applicable
BW Body Weight 15 15 kg USEPA, 2014; DTSC, 2014

AT-C Averaging Time – Cancer 25,550 25,550 days USEPA, 2014; DTSC, 2014
AT-NC Averaging Time – Noncancer 2,190 2,190 days USEPA, 2014; DTSC, 2014

Notes:
a 2005 HHRA RME values from BBL and Neptune & Company (2005).
b Unless otherwise indicated, intake equations shown are for non-mutagenic chemicals.

Sediment Ingestion
Intake (M) (mg/kg-day) = CS x FI x IRS (M) x EF x MCF / AT-C, where IRS (M) (mg-year/kg-day) = 

Dermal Contact with Sediment
Intake (M) (mg/kg-day) = CS x ABS x SA (M) x EF x MCF / AT-C, where SA (M) (mg-year/kg-day) =

Acronyms/Abbreviations:
ADAF = age-dependent adjustment factor mg/day = milligram(s) per day
cm2 = square centimeter(s) mg/kg = milligram(s) per kilogram
cm2/day = square centimeter(s) per day mg/kg-day = milligram(s) per kilogram(s) per day
kg = kilogram(s) mg-year/kg-day = milligram(s) per year per kilogram(s) per day
kg/mg = kilogram(s) per milligram MMOA = mutagenic mode of action 
(M) = mutagenic USEPA = United States Environmental Protection Agency
mg/cm2 = milligram(s) per square centimeter

References:
Battelle, Blasland, Bouck & Lee, Inc. (BBL), and Neptune & Company. 2005. “Final Hunter Point Shipyard Parcel F, Validation Study Report, San Francisco Bay, California.” May 2.

United States Environmental Protection Agency (EPA). 2002. "Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites, Interim Guidance." Office of Solid Waste and Emergency Response. OSWER 9355.4-24. December. 
United States Environmental Protection Agency (USEPA). 2014. "Regional Screening Levels (RSLs) for Chemical Contaminants at Superfund Sites." May.

Intake (mg/kg-day) =
   (CS x ABS x SA x AF x EF x ED x MCF) 
           / (BW x AT)

Intake (mg/kg-day) = 
  (CS x ABS x SA x AF x EF x ED x MCF) 
        / (BW x AT)

c Consistent with USEPA (2014), intake of mutagenic chemicals in sediment was calculated using the following equations.  Receptors exposed to carcinogens with a mutagenic mode of action (MMOA) are assumed to have increased early-life susceptibility; therefore, evaluation of MMOA is limited to the 
residential scenario.  See Section 5.1 for discussion of the chemicals of potential concern identified as mutagens.

[ADAF0-2 (10) x ED0-2 (2 years) x IRSchild (200 mg/day) / BWchild (15 kg)] + [ADAF2-6 (3) x (ED2-6 (4 years) x IRSchild (200 mg/day) / BWchild (15 kg)] + [ADAF6-16 (3) x (ED6-16 (10 years) x IRSadult (100 mg/day) / BWadult (80 kg)] + [ADAF16-26 (1) x (ED16-26 (10 years) x IRSadult (100 mg/day) / BWadult (80 kg)]

[ADAF0-2 (10) x ED0-2 (2 years) x SAchild (2,900 cm2/day) x AFchild (0.2 mg/cm2) / BWchild (15 kg)] + [ADAF2-6 (3) x (ED2-6 (4 years) x SAchild (2,900 cm2/day) x AFchild (0.2 mg/cm2) / BWchild (15 kg)] + [ADAF6-16 (3) x (ED6-16 (10 years) x SAadult (5,700 cm2/day) x AFadult (0.07 mg/cm2) / BWadult (80 kg)] + [ADAF16-26 
(1) x (ED16-26 (10 years) x SAadult (5,700 cm2/day) x AFadult (0.07 mg/cm2)  / BWadult (80 kg)]

California Department of Toxic Substances Control (DTSC). 2014. Recommended DTSC Default Exposure Factors for Use in Risk Assessment at California Hazardous Waste Sites and Permitted Facilities. Office of Human and Ecological Risk (HERO). HERO HHRA Note Number 1. September 30.
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TABLE A-4
Values Used for Daily Intake, Macoma Exposure

Scenario Timeframe: Current/Future
Medium:   Macoma
Exposure Medium: Macoma

Exposure Route Receptor 
Population

Receptor 
Age

Exposure 
Point Parameter Parameter Definition 2005 VS HHRA 

RME Value (a)
RME Value Used for 

Updated HHRA Units
RME Exposure Value 
Revised for Updated 

HHRA?

Reference for RME Value Used for 
Updated HHRA Intake Equation

Ingestion Recreational User Adult Parcel F CS Chemical Concentration in 
shellfish

Chemical-specific Chemical-specific mg/kg See Table A-2. Intake (mg/kg-day) =
  (CS x FI x IRS x EF x ED) / (BW x AT)

IRS Ingestion Rate – shellfish 0.048 0.00213 kg/day Yes Barajas & Associates, Inc., 2008
FI Fraction Ingested 1 1 unitless Barajas & Associates, Inc., 2008
EF Exposure Frequency 365 365 days/year BBL, 2005
ED Exposure Duration 30 20 years Yes USEPA, 2014
BW Body Weight 70 80 kg Yes USEPA, 2014

AT-C Averaging Time – Cancer 25,550 25,550 days USEPA, 2014; DTSC, 2014
AT-NC Averaging Time – Noncancer 10,950 7,300 days Yes USEPA, 2014

Notes:

Acronyms/Abbreviations:
kg = kilogram(s)
kg/day = kilogram(s) per day
mg/kg = milligram(s) per kilogram
mg/kg-day = milligram(s) per kilogram(s) per day
mg-year/kg-day = milligram(s) per year per kilogram(s) per day
USEPA = United States Environmental Protection Agency
Sources:
Barajas & Associates, Inc. 2008. "Final Feasibility Study Report for Parcel F, Hunters Point Shipyard, San Francisco, California." April 30. 

United States Environmental Protection Agency (USEPA). 2014. Regional Screening Levels (RSLs) for Chemical Contaminants at Superfund Sites. May.

a Macoma tissue risk calculations are evaluated for the adult receptor only with the assumption there is no child ingestion of shellfish. Therefore, mutagenic mode of action (MMOA) was not evaluated for mutagenic COPCs for Macoma, because cancer risks are limited to adult exposures.

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

California Department of Toxic Substances Control (DTSC). 2014. Recommended DTSC Default Exposure Factors for Use in Risk Assessment at California Hazardous Waste Sites and Permitted Facilities. Office of Human and Ecological Risk (HERO). HERO HHRA Note Number 1. September 30.
Battelle, Blasland, Bouck & Lee, Inc. (BBL), and Neptune & Company. 2005. “Final Hunter Point Shipyard Parcel F, Validation Study Report, San Francisco Bay, California.” May 2.
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TABLE A-5
Cancer and Noncancer Toxicity Values Used for Risk Estimates

Analyte CAS 
Number

Mutagen
(M)

Dermal 
ABS 

(unitless) 
(a)

2005 HHRA 
Dermal 
ABS (b)

Change 
in 

Dermal 
ABS?

GI 
Absorption 

Fraction 
(c)

Current Oral 
Slope Factor
(mg/kg-day)-1 

(d)

Ref

Current Dermal 
Slope Factor
(mg/kg-day)-1 

(d)

Ref

2005 HHRA 
Oral Slope 

Factor
(mg/kg-day)-1 

(b)

Change in 
Oral Slope 

Factor?

Oral 
Reference 

Dose
(mg/kg-day)

Ref

Dermal 
Reference 

Dose
(mg/kg-day)

Ref
2005 HHRA Oral 
Reference Dose
(mg/kg-day) (b)

Change in 
Oral 

Reference 
Dose?

Notes

2,4'-DDD 53-19-0 0.05 0.03 Yes 1 0.24 I 0.24 I 0.24 0.0005 I 0.0005 I -- 4,4-DDD as surrogate for oral SF; 4,4-
DDT as surrogate for oral RfD

2,4'-DDE 3424-82-6 0.05 0.03 Yes 1 0.34 I 0.34 I 0.34 0.0005 I 0.0005 I -- 4,4-DDE as surrogate for oral SF; 4,4-
DDT as surrogate for oral RfD

2,4'-DDT 789-02-6 0.05 0.03 Yes 1 0.34 I 0.34 I 0.34 0.0005 I 0.0005 I -- Yes 4,4-DDT as surrogate
2-Methylnaphthalene 91-57-6 0.15 -- Yes 1 -- -- -- 0.004 I 0.004 I -- Yes
4,4'-DDD 72-54-8 0.05 0.03 Yes 1 0.24 I 0.24 I 0.24 0.0005 I 0.0005 I -- Yes 4,4-DDT as surrogate for oral RfD
4,4'-DDE 72-55-9 0.05 0.03 Yes 1 0.34 I 0.34 I 0.34 0.0005 I 0.0005 I -- Yes 4,4-DDT as surrogate for oral RfD
4,4'-DDT 50-29-3 0.05 0.03 Yes 1 0.34 I 0.34 I 0.34 0.0005 I 0.0005 I -- Yes
Acenaphthene 83-32-9 0.15 0.1 Yes 1 -- -- -- 0.06 I 0.06 I 0.06
Acenaphthylene 208-96-8 0.15 0.1 Yes 1 -- -- -- 0.06 I 0.06 I -- Yes Acenaphthene as surrogate
alpha-Chlordane 5103-71-9 0.05 0.04 Yes 1 0.35 I 0.35 I 1.3 Yes 0.0005 I 0.0005 I 0.0005 Chlordane as surrogate
Aluminum 7429-90-5 0.01 0.01 1 -- -- -- 1 P 1 P -- Yes
Anthracene 120-12-7 0.15 0.001 Yes 1 -- -- -- 0.3 I 0.3 I 0.3
Antimony 7440-36-0 0.01 0.01 0.15 -- -- -- 0.0004 I 0.00006 I 0.0004
Arsenic 7440-38-2 0.03 0.03 1 9.5 O 9.5 O 1.5 Yes 0.0003 I 0.0003 I 0.0003
Barium 7440-39-3 0.01 0.01 0.07 -- -- -- 0.2 I 0.014 I -- Yes
Benzo(a)anthracene 56-55-3 M 0.15 0.13 Yes 1 1.2 O 1.2 O 1.2 -- -- --
Benzo(a)pyrene 50-32-8 M 0.15 0.13 Yes 1 7.3 I 7.3 I 12 Yes -- -- --
Benzo(b)fluoranthene 205-99-2 M 0.15 0.13 Yes 1 1.2 O 1.2 O 1.2 -- -- --
Benzo(g,h,i)perylene 191-24-2 0.15 0.13 Yes 1 -- -- -- 0.03 I 0.03 I -- Yes Pyrene as surrogate
Benzo(k)fluoranthene 207-08-9 M 0.15 0.13 Yes 1 1.2 O 1.2 O 1.2 -- -- --
Cadmium 7440-43-9 0.001 0.01 Yes 0.025 15 O 600 O 0.38 Yes 0.001 I 0.000025 I 0.0005 Yes
Chromium 7440-47-3 0.01 0.01 0.013 -- -- 0.19 Yes 1.5 I 0.0195 I 0.003 Yes Chromium III as surrogate for oral RfD
Chrysene 218-01-9 M 0.15 0.13 Yes 1 0.12 O 0.12 O 0.12 -- -- --
Cobalt 7440-48-4 0.01 0.01 1 -- -- -- 0.0003 P 0.0003 P -- Yes
Copper 7440-50-8 0.01 0.01 1 -- -- -- 0.04 H 0.04 H 0.037 Yes
Dibenz(a,h)anthracene 53-70-3 M 0.15 0.13 Yes 1 7.3 E 7.3 E 4.1 Yes -- -- --
Dibutyltin 1002-53-5 0.1 0.1 1 -- -- -- 0.0003 A 0.0003 A -- Yes Tributyltin as surrogate
Dieldrin 60-57-1 0.1 0.1 1 16 I 16 I 16 0.00005 I 0.00005 I 0.00005
Endosulfan II 33213-65-9 0.1 0.1 1 -- -- -- 0.006 I 0.006 I 0.006 Endosulfan as surrogate
Endrin 72-20-8 0.1 0.1 1 -- -- -- 0.0003 I 0.0003 I 0.0003
Fluoranthene 206-44-0 0.15 0.13 Yes 1 -- -- -- 0.04 I 0.04 I 0.04
Fluorene 86-73-7 0.15 0.1 Yes 1 -- -- -- 0.04 I 0.04 I 0.04
gamma-Chlordane 5566-34-7 0.05 0.04 Yes 1 0.35 I 0.35 I 1.3 Yes 0.0005 I 0.0005 I 0.0005 Chlordane as surrogate
Heptachlor 76-44-8 0.1 0.1 1 4.5 I 4.5 I 4.1 Yes 0.0005 I 0.0005 I 0.0005
Indeno(1,2,3-cd)pyrene 193-39-5 M 0.15 0.13 Yes 1 1.2 O 1.2 O 1.2 -- -- --
Iron 7439-89-6 0.01 -- Yes 1 -- -- -- 0.7 P 0.7 P -- Yes
Lead 7439-92-1 0.01 0.01 1 -- -- 0.0085 Yes -- -- --
Manganese 7439-96-5 0.01 0.01 1 -- -- -- 0.14 I 0.14 I -- Yes Manganese (diet)
Mercury 7439-97-6 0.01 0.01 1 -- -- -- 0.0001 I 0.0001 I 0.0001 Methyl mercury as surrogate
Molybdenum 7439-98-7 0.01 0.1 Yes 1 -- -- -- 0.005 I 0.005 I -- Yes
Monobutyltin 78763-54-9 0.1 0.1 1 -- -- -- 0.0003 A 0.0003 A -- Yes Tributyltin as surrogate
Naphthalene 91-20-3 0.15 0.1 Yes 1 -- -- -- 0.02 I 0.02 I 0.02
Nickel 7440-02-0 0.01 0.01 0.04 -- -- -- 0.02 I 0.0008 I 0.02
Phenanthrene 85-01-8 0.15 0.1 Yes 1 -- -- -- 0.3 I 0.3 I -- Yes Anthracene as surrogate
Pyrene 129-00-0 0.15 0.1 Yes 1 -- -- -- 0.03 I 0.03 I 0.03
Selenium 7782-49-2 0.01 0.01 1 -- -- -- 0.005 I 0.005 I 0.005

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures
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TABLE A-5
Cancer and Noncancer Toxicity Values Used for Risk Estimates

Analyte CAS 
Number

Mutagen
(M)

Dermal 
ABS 

(unitless) 
(a)

2005 HHRA 
Dermal 
ABS (b)

Change 
in 

Dermal 
ABS?

GI 
Absorption 

Fraction 
(c)

Current Oral 
Slope Factor
(mg/kg-day)-1 

(d)

Ref

Current Dermal 
Slope Factor
(mg/kg-day)-1 

(d)

Ref

2005 HHRA 
Oral Slope 

Factor
(mg/kg-day)-1 

(b)

Change in 
Oral Slope 

Factor?

Oral 
Reference 

Dose
(mg/kg-day)

Ref

Dermal 
Reference 

Dose
(mg/kg-day)

Ref
2005 HHRA Oral 
Reference Dose
(mg/kg-day) (b)

Change in 
Oral 

Reference 
Dose?

Notes

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Silver 7440-22-4 0.01 0.01 0.04 -- -- -- 0.005 I 0.0002 I 0.005
Tetrabutyltin 1461-25-2 0.1 0.1 1 -- -- -- 0.0003 A 0.0003 A -- Yes Tributyltin as surrogate

Total PCB Congeners 1336-36-3 0.15 0.14 Yes 1 2 I 2 I 5 Yes 0.00002 I 0.00002 I --
Polychlorinated biphenyls (high risk); 
Aroclor-1254 as surrogate for oral 
RfD

Total TEQ – PCB DLC -- 0.03 0.03 1 130000 C 130000 C 130000 7E-10 I 7E-10 I -- Yes 2,3,7,8-TCDD as surrogate
Total TEQ – TCDD DLC -- 0.03 0.03 1 130000 C 130000 C 130000 7E-10 I 7E-10 I -- Yes 2,3,7,8-TCDD as surrogate
Tributyltin 688-73-3 0.1 0.1 1 -- -- -- 0.0003 A 0.0003 A -- Yes
Vanadium 7440-62-2 0.01 0.01 0.026 -- -- -- 0.005 I 0.00013 I -- Yes
Zinc 7440-66-6 0.01 0.01 1 -- -- -- 0.3 I 0.3 I 0.3

Notes:
(a) The dermal ABS is the most conservative between USEPA (2014) and DTSC (2013).
(b) Values from Battelle, BBL, and Nepture & Company (2005)
(c) Values from USEPA (2004)
(d) Values are based the most conservative value between oral SFs between USEPA (2014) and OEHHA (2014).
-- = not applicable or not available
A = ATSDR (as cited in EPA [2014])
C = California Environmental Protection Agencty (as cited in USEPA [2014]))
E = Environmental Criteria and Assessment Office (as cited in USEPA [2014])
H = Health Effects Assessment Summary Tables (as cited in USEPA [2014])
I = Integrated Risk Information System (as cited in USEPA [2014])
M = mutagen
O = Office of Enviornmental and Health Hazard Assessment (OEHHA, 2014)
P = Provisional Peer-Reviewed Toxicity Value (as cited in USEPA [2014])
V = volatile
ABS = absorption
CAS = Chemical Abstracts Service
DDD = dichlorodiphenyldichloroethane
DDE = dichlorodiphenyldichloroethylene
DDT = dichlorodiphenyltrichloroethane
GI = gastrointestinal
HHRA = human health risk assessment
mg/kg = milligram per kilogram
PCB = polychlorinated biphenyl
RfD = reference dose
SF = slope factor
TCDD = tetrachlorodibenzo-p-dioxin

References:
Battelle, Blasland, Bouck & Lee, Inc. (BBL), and Neptune & Company. 2005. “Final Hunter Point Shipyard Parcel F, Validation Study Report, San Francisco Bay, California.” May 2.
California Department of Toxic Substances Control (DTSC). 2013. "Preliminary Endangerment Assessment Guidance Manual." Interim final. Revised October 2013.
California Environmental Protection Agency Office of Environmental Health Hazard Assessment (OEHHA). 2014. OEHHA Toxicity Criteria Database. Accessed March 10. http://www.oehha.org/risk/ChemicalDB/index.asp
United States Environmental Protection Agency (USEPA). 2004. "Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)." Final. Office of Superfund Remediation and Technology Innovation. EPA/540/
United States Environmental Protection Agency (USEPA). 2014. Regional Screening Levels (RSLs) for Chemical Contaminants at Superfund Sites. May.
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TABLE A-6A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Sediment Sediment Sediment Ingestion Aluminum 6.4E+04 mg/kg 6.8E-03 mg/kg-day -- -- -- 6.1E-02 mg/kg-day 1.0E+00 mg/kg-day 6.1E-02
Antimony 2.8E+00 mg/kg 3.0E-07 mg/kg-day -- -- -- 2.6E-06 mg/kg-day 4.0E-04 mg/kg-day 6.6E-03
Arsenic 9.7E+00 mg/kg 6.2E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 5.9E-06 5.5E-06 mg/kg-day 3.0E-04 mg/kg-day 1.8E-02
Barium 4.2E+02 mg/kg 4.5E-05 mg/kg-day -- -- -- 4.0E-04 mg/kg-day 2.0E-01 mg/kg-day 2.0E-03
Cadmium 2.6E-01 mg/kg 2.8E-08 mg/kg-day 1.5E+01 (mg/kg-day)-1 4.2E-07 2.5E-07 mg/kg-day 1.0E-03 mg/kg-day 2.5E-04
Chromium 2.9E+02 mg/kg 3.1E-05 mg/kg-day -- -- -- 2.8E-04 mg/kg-day 1.5E+00 mg/kg-day 1.8E-04
Cobalt 1.7E+01 mg/kg 1.9E-06 mg/kg-day -- -- -- 1.7E-05 mg/kg-day 3.0E-04 mg/kg-day 5.5E-02
Copper 4.1E+01 mg/kg 4.4E-06 mg/kg-day -- -- -- 3.9E-05 mg/kg-day 4.0E-02 mg/kg-day 9.8E-04
Iron 3.9E+04 mg/kg 4.2E-03 mg/kg-day -- -- -- 3.7E-02 mg/kg-day 7.0E-01 mg/kg-day 5.3E-02
Lead 2.5E+01 mg/kg 2.6E-06 mg/kg-day -- -- -- 2.3E-05 mg/kg-day -- -- --
Manganese 5.3E+02 mg/kg 5.7E-05 mg/kg-day -- -- -- 5.1E-04 mg/kg-day 1.4E-01 mg/kg-day 3.6E-03
Mercury 2.2E-01 mg/kg 2.3E-08 mg/kg-day -- -- -- 2.1E-07 mg/kg-day 1.0E-04 mg/kg-day 2.1E-03
Molybdenum 9.5E-01 mg/kg 1.0E-07 mg/kg-day -- -- -- 9.0E-07 mg/kg-day 5.0E-03 mg/kg-day 1.8E-04
Nickel 8.5E+01 mg/kg 9.1E-06 mg/kg-day -- -- -- 8.1E-05 mg/kg-day 2.0E-02 mg/kg-day 4.0E-03
Selenium 3.4E-01 mg/kg 3.6E-08 mg/kg-day -- -- -- 3.2E-07 mg/kg-day 5.0E-03 mg/kg-day 6.4E-05
Silver 2.8E-01 mg/kg 3.0E-08 mg/kg-day -- -- -- 2.7E-07 mg/kg-day 5.0E-03 mg/kg-day 5.3E-05
Vanadium 1.4E+02 mg/kg 1.5E-05 mg/kg-day -- -- -- 1.3E-04 mg/kg-day 5.0E-03 mg/kg-day 2.6E-02
Zinc 1.1E+02 mg/kg 1.2E-05 mg/kg-day -- -- -- 1.0E-04 mg/kg-day 3.0E-01 mg/kg-day 3.4E-04
4,4'-DDD 7.4E-04 mg/kg 7.9E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 1.9E-11 7.1E-10 mg/kg-day 5.0E-04 mg/kg-day 1.4E-06
4,4'-DDE 8.7E-04 mg/kg 9.3E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 3.2E-11 8.3E-10 mg/kg-day 5.0E-04 mg/kg-day 1.7E-06
4,4'-DDT 2.9E-04 mg/kg 3.1E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.1E-11 2.8E-10 mg/kg-day 5.0E-04 mg/kg-day 5.6E-07
alpha-Chlordane 1.2E-04 mg/kg 1.3E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 4.4E-12 1.1E-10 mg/kg-day 5.0E-04 mg/kg-day 2.2E-07
gamma-Chlordane 2.0E-05 mg/kg 2.1E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 7.5E-13 1.9E-11 mg/kg-day 5.0E-04 mg/kg-day 3.8E-08
2-Methylnaphthalene 4.9E-03 mg/kg 5.2E-10 mg/kg-day -- -- -- 4.6E-09 mg/kg-day 4.0E-03 mg/kg-day 1.2E-06
Acenaphthene 4.4E-03 mg/kg 4.7E-10 mg/kg-day -- -- -- 4.2E-09 mg/kg-day 6.0E-02 mg/kg-day 6.9E-08
Acenaphthylene 6.6E-03 mg/kg 7.0E-10 mg/kg-day -- -- -- 6.2E-09 mg/kg-day 6.0E-02 mg/kg-day 1.0E-07
Anthracene 3.2E-02 mg/kg 3.4E-09 mg/kg-day -- -- -- 3.0E-08 mg/kg-day 3.0E-01 mg/kg-day 1.0E-07
Fluorene 6.4E-03 mg/kg 6.8E-10 mg/kg-day -- -- -- 6.0E-09 mg/kg-day 4.0E-02 mg/kg-day 1.5E-07
Naphthalene 1.2E-02 mg/kg 1.3E-09 mg/kg-day -- -- -- 1.1E-08 mg/kg-day 2.0E-02 mg/kg-day 5.6E-07
Phenanthrene 8.9E-02 mg/kg 9.5E-09 mg/kg-day -- -- -- 8.4E-08 mg/kg-day 3.0E-01 mg/kg-day 2.8E-07
Benzo(a)anthracene M 9.3E-02 mg/kg 4.5E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 5.4E-08 8.9E-08 mg/kg-day -- -- --
Benzo(a)pyrene M 1.4E-01 mg/kg 6.9E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 5.1E-07 1.4E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene M 8.8E-02 mg/kg 4.3E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 5.1E-08 8.4E-08 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.2E-01 mg/kg 1.3E-08 mg/kg-day -- -- -- 1.2E-07 mg/kg-day 3.0E-02 mg/kg-day 3.9E-06
Benzo(k)fluoranthene M 9.3E-02 mg/kg 4.5E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 5.4E-08 8.8E-08 mg/kg-day -- -- --
Chrysene M 1.1E-01 mg/kg 5.5E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 6.6E-09 1.1E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene M 1.2E-02 mg/kg 5.9E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 4.3E-08 1.2E-08 mg/kg-day -- -- --
Fluoranthene 2.0E-01 mg/kg 2.1E-08 mg/kg-day -- -- -- 1.9E-07 mg/kg-day 4.0E-02 mg/kg-day 4.7E-06
Indeno(1,2,3-cd)pyrene M 1.1E-01 mg/kg 5.4E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 6.5E-08 1.1E-07 mg/kg-day -- -- --
Pyrene 2.6E-01 mg/kg 2.8E-08 mg/kg-day -- -- -- 2.5E-07 mg/kg-day 3.0E-02 mg/kg-day 8.3E-06
Dibutyltin 3.9E-03 mg/kg 4.2E-10 mg/kg-day -- -- -- 3.7E-09 mg/kg-day 3.0E-04 mg/kg-day 1.2E-05
Tributyltin 4.8E-03 mg/kg 5.1E-10 mg/kg-day -- -- -- 4.5E-09 mg/kg-day 3.0E-04 mg/kg-day 1.5E-05
Total PCB Congeners 2.8E-02 mg/kg 3.0E-09 mg/kg-day 2.0E+00 (mg/kg-day)-1 6.0E-09 2.7E-08 mg/kg-day 2.0E-05 mg/kg-day 1.3E-03
Total TEQ – PCB DLC 7.5E-06 mg/kg 8.0E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.0E-07 7.1E-12 mg/kg-day 7.0E-10 mg/kg-day 1.0E-02

Exp. Route Total 7.2E-06 2.5E-01
Dermal Aluminum 6.4E+04 mg/kg 2.2E-04 mg/kg-day -- -- -- 1.8E-03 mg/kg-day 1.0E+00 mg/kg-day 1.8E-03

Antimony 2.8E+00 mg/kg 9.5E-09 mg/kg-day -- -- -- 7.6E-08 mg/kg-day 6.0E-05 mg/kg-day 1.3E-03
Arsenic 9.7E+00 mg/kg 1.0E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 9.5E-07 8.0E-07 mg/kg-day 3.0E-04 mg/kg-day 2.7E-03
Barium 4.2E+02 mg/kg 1.5E-06 mg/kg-day -- -- -- 1.2E-05 mg/kg-day 1.4E-02 mg/kg-day 8.3E-04
Cadmium 2.6E-01 mg/kg 8.9E-11 mg/kg-day 6.0E+02 (mg/kg-day)-1 5.3E-08 7.1E-10 mg/kg-day 2.5E-05 mg/kg-day 2.9E-05
Chromium 2.9E+02 mg/kg 1.0E-06 mg/kg-day -- -- -- 8.0E-06 mg/kg-day 2.0E-02 mg/kg-day 4.1E-04
Cobalt 1.7E+01 mg/kg 6.0E-08 mg/kg-day -- -- -- 4.8E-07 mg/kg-day 3.0E-04 mg/kg-day 1.6E-03
Copper 4.1E+01 mg/kg 1.4E-07 mg/kg-day -- -- -- 1.1E-06 mg/kg-day 4.0E-02 mg/kg-day 2.8E-05
Iron 3.9E+04 mg/kg 1.4E-04 mg/kg-day -- -- -- 1.1E-03 mg/kg-day 7.0E-01 mg/kg-day 1.5E-03
Lead 2.5E+01 mg/kg 8.5E-08 mg/kg-day -- -- -- 6.8E-07 mg/kg-day -- -- --
Manganese 5.3E+02 mg/kg 1.8E-06 mg/kg-day -- -- -- 1.5E-05 mg/kg-day 1.4E-01 mg/kg-day 1.1E-04
Mercury 2.2E-01 mg/kg 7.5E-10 mg/kg-day -- -- -- 6.0E-09 mg/kg-day 1.0E-04 mg/kg-day 6.0E-05
Molybdenum 9.5E-01 mg/kg 3.3E-09 mg/kg-day -- -- -- 2.6E-08 mg/kg-day 5.0E-03 mg/kg-day 5.2E-06
Nickel 8.5E+01 mg/kg 2.9E-07 mg/kg-day -- -- -- 2.3E-06 mg/kg-day 8.0E-04 mg/kg-day 2.9E-03
Selenium 3.4E-01 mg/kg 1.2E-09 mg/kg-day -- -- -- 9.3E-09 mg/kg-day 5.0E-03 mg/kg-day 1.9E-06
Silver 2.8E-01 mg/kg 9.7E-10 mg/kg-day -- -- -- 7.7E-09 mg/kg-day 2.0E-04 mg/kg-day 3.9E-05

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Eastern Wetland Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
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Exposure 
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TABLE A-6A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Eastern Wetland Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Vanadium 1.4E+02 mg/kg 4.8E-07 mg/kg-day -- -- -- 3.8E-06 mg/kg-day 1.3E-04 mg/kg-day 2.9E-02
Zinc 1.1E+02 mg/kg 3.7E-07 mg/kg-day -- -- -- 3.0E-06 mg/kg-day 3.0E-01 mg/kg-day 1.0E-05
4,4'-DDD 7.4E-04 mg/kg 1.3E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 3.1E-12 1.0E-10 mg/kg-day 5.0E-04 mg/kg-day 2.0E-07
4,4'-DDE 8.7E-04 mg/kg 1.5E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 5.1E-12 1.2E-10 mg/kg-day 5.0E-04 mg/kg-day 2.4E-07
4,4'-DDT 2.9E-04 mg/kg 5.0E-12 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.7E-12 4.0E-11 mg/kg-day 5.0E-04 mg/kg-day 8.1E-08
alpha-Chlordane 1.2E-04 mg/kg 2.0E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 7.1E-13 1.6E-11 mg/kg-day 5.0E-04 mg/kg-day 3.3E-08
gamma-Chlordane 2.0E-05 mg/kg 3.4E-13 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.2E-13 2.8E-12 mg/kg-day 5.0E-04 mg/kg-day 5.5E-09
2-Methylnaphthalene 4.9E-03 mg/kg 2.5E-10 mg/kg-day -- -- -- 2.0E-09 mg/kg-day 4.0E-03 mg/kg-day 5.1E-07
Acenaphthene 4.4E-03 mg/kg 2.3E-10 mg/kg-day -- -- -- 1.8E-09 mg/kg-day 6.0E-02 mg/kg-day 3.0E-08
Acenaphthylene 6.6E-03 mg/kg 3.4E-10 mg/kg-day -- -- -- 2.7E-09 mg/kg-day 6.0E-02 mg/kg-day 4.5E-08
Anthracene 3.2E-02 mg/kg 1.6E-09 mg/kg-day -- -- -- 1.3E-08 mg/kg-day 3.0E-01 mg/kg-day 4.4E-08
Fluorene 6.4E-03 mg/kg 3.3E-10 mg/kg-day -- -- -- 2.6E-09 mg/kg-day 4.0E-02 mg/kg-day 6.6E-08
Naphthalene 1.2E-02 mg/kg 6.1E-10 mg/kg-day -- -- -- 4.9E-09 mg/kg-day 2.0E-02 mg/kg-day 2.4E-07
Phenanthrene 8.9E-02 mg/kg 4.6E-09 mg/kg-day -- -- -- 3.7E-08 mg/kg-day 3.0E-01 mg/kg-day 1.2E-07
Benzo(a)anthracene M 9.3E-02 mg/kg 2.1E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.5E-08 3.9E-08 mg/kg-day -- -- --
Benzo(a)pyrene M 1.4E-01 mg/kg 3.2E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 2.3E-07 5.9E-08 mg/kg-day -- -- --
Benzo(b)fluoranthene M 8.8E-02 mg/kg 2.0E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.3E-08 3.7E-08 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.2E-01 mg/kg 6.4E-09 mg/kg-day -- -- -- 5.1E-08 mg/kg-day 3.0E-02 mg/kg-day 1.7E-06
Benzo(k)fluoranthene M 9.3E-02 mg/kg 2.1E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.5E-08 3.8E-08 mg/kg-day -- -- --
Chrysene M 1.1E-01 mg/kg 2.5E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 3.0E-09 4.7E-08 mg/kg-day -- -- --
Dibenz(a,h)anthracene M 1.2E-02 mg/kg 2.7E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 2.0E-08 5.0E-09 mg/kg-day -- -- --
Fluoranthene 2.0E-01 mg/kg 1.0E-08 mg/kg-day -- -- -- 8.2E-08 mg/kg-day 4.0E-02 mg/kg-day 2.1E-06
Indeno(1,2,3-cd)pyrene M 1.1E-01 mg/kg 2.5E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 3.0E-08 4.6E-08 mg/kg-day -- -- --
Pyrene 2.6E-01 mg/kg 1.3E-08 mg/kg-day -- -- -- 1.1E-07 mg/kg-day 3.0E-02 mg/kg-day 3.6E-06
Dibutyltin 3.9E-03 mg/kg 1.3E-10 mg/kg-day -- -- -- 1.1E-09 mg/kg-day 3.0E-04 mg/kg-day 3.6E-06
Tributyltin 4.8E-03 mg/kg 1.6E-10 mg/kg-day -- -- -- 1.3E-09 mg/kg-day 3.0E-04 mg/kg-day 4.4E-06
Total PCB Congeners 2.8E-02 mg/kg 1.5E-09 mg/kg-day 2.0E+00 (mg/kg-day)-1 2.9E-09 1.2E-08 mg/kg-day 2.0E-05 mg/kg-day 5.8E-04
Total TEQ – PCB DLC 7.5E-06 mg/kg 7.8E-14 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.0E-08 6.2E-13 mg/kg-day 7.0E-10 mg/kg-day 8.9E-04

Exp. Route Total 1.4E-06 4.4E-02
Exposure Point Total 8.6E-06 2.9E-01

Exposure Medium Total 8.6E-06 2.9E-01
Medium Total 8.6E-06 2.9E-01

Macomaa Macoma Macoma Ingestion Aluminum 2.6E+02 mg/kg 2.0E-03 mg/kg-day -- -- -- 6.9E-03 mg/kg-day 1.0E+00 mg/kg-day 6.9E-03
Antimony 3.9E-02 mg/kg 3.0E-07 mg/kg-day -- -- -- 1.0E-06 mg/kg-day 4.0E-04 mg/kg-day 2.6E-03
Arsenic 4.3E+00 mg/kg 3.3E-05 mg/kg-day 9.5E+00 (mg/kg-day)-1 3.1E-04 1.1E-04 mg/kg-day 3.0E-04 mg/kg-day 3.8E-01
Barium 2.4E+00 mg/kg 1.8E-05 mg/kg-day -- -- -- 6.4E-05 mg/kg-day 2.0E-01 mg/kg-day 3.2E-04
Cadmium 1.8E-01 mg/kg 1.3E-06 mg/kg-day 1.5E+01 (mg/kg-day)-1 2.0E-05 4.7E-06 mg/kg-day 1.0E-03 mg/kg-day 4.7E-03
Chromium 2.7E+00 mg/kg 2.1E-05 mg/kg-day -- -- -- 7.3E-05 mg/kg-day 1.5E+00 mg/kg-day 4.9E-05
Cobalt 4.0E-01 mg/kg 3.0E-06 mg/kg-day -- -- -- 1.1E-05 mg/kg-day 3.0E-04 mg/kg-day 3.6E-02
Copper 3.7E+00 mg/kg 2.8E-05 mg/kg-day -- -- -- 1.0E-04 mg/kg-day 4.0E-02 mg/kg-day 2.5E-03
Iron 3.6E+02 mg/kg 2.8E-03 mg/kg-day -- -- -- 9.7E-03 mg/kg-day 7.0E-01 mg/kg-day 1.4E-02
Lead 7.2E-01 mg/kg 5.4E-06 mg/kg-day -- -- -- 1.9E-05 mg/kg-day -- -- --
Manganese 5.2E+00 mg/kg 4.0E-05 mg/kg-day -- -- -- 1.4E-04 mg/kg-day 1.4E-01 mg/kg-day 9.9E-04
Mercury 2.6E-02 mg/kg 2.0E-07 mg/kg-day -- -- -- 6.9E-07 mg/kg-day 1.0E-04 mg/kg-day 6.9E-03
Molybdenum 6.0E-01 mg/kg 4.5E-06 mg/kg-day -- -- -- 1.6E-05 mg/kg-day 5.0E-03 mg/kg-day 3.2E-03
Nickel 1.4E+00 mg/kg 1.0E-05 mg/kg-day -- -- -- 3.7E-05 mg/kg-day 2.0E-02 mg/kg-day 1.8E-03
Selenium 8.7E-01 mg/kg 6.6E-06 mg/kg-day -- -- -- 2.3E-05 mg/kg-day 5.0E-03 mg/kg-day 4.6E-03
Silver 3.9E-02 mg/kg 3.0E-07 mg/kg-day -- -- -- 1.0E-06 mg/kg-day 5.0E-03 mg/kg-day 2.1E-04
Vanadium 1.3E+00 mg/kg 1.0E-05 mg/kg-day -- -- -- 3.5E-05 mg/kg-day 5.0E-03 mg/kg-day 7.0E-03
Zinc 2.1E+01 mg/kg 1.6E-04 mg/kg-day -- -- -- 5.7E-04 mg/kg-day 3.0E-01 mg/kg-day 1.9E-03
4,4'-DDD 6.2E-04 mg/kg 4.7E-09 mg/kg-day 2.4E-01 (mg/kg-day)-1 1.1E-09 1.6E-08 mg/kg-day 5.0E-04 mg/kg-day 3.3E-05
4,4'-DDE 1.4E-03 mg/kg 1.0E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 3.5E-09 3.6E-08 mg/kg-day 5.0E-04 mg/kg-day 7.2E-05
alpha-Chlordane 1.8E-04 mg/kg 1.4E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 4.7E-10 4.7E-09 mg/kg-day 5.0E-04 mg/kg-day 9.5E-06
Dieldrin 3.2E-04 mg/kg 2.4E-09 mg/kg-day 1.6E+01 (mg/kg-day)-1 3.9E-08 8.6E-09 mg/kg-day 5.0E-05 mg/kg-day 1.7E-04
gamma-Chlordane 1.7E-04 mg/kg 1.3E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 4.7E-10 4.7E-09 mg/kg-day 5.0E-04 mg/kg-day 9.3E-06
Acenaphthene 2.3E-04 mg/kg 1.8E-09 mg/kg-day -- -- -- 6.2E-09 mg/kg-day 6.0E-02 mg/kg-day 1.0E-07
Acenaphthylene 3.2E-04 mg/kg 2.4E-09 mg/kg-day -- -- -- 8.5E-09 mg/kg-day 6.0E-02 mg/kg-day 1.4E-07
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TABLE A-6A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Eastern Wetland Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Anthracene 2.0E-03 mg/kg 1.6E-08 mg/kg-day -- -- -- 5.4E-08 mg/kg-day 3.0E-01 mg/kg-day 1.8E-07
Fluorene 3.7E-04 mg/kg 2.8E-09 mg/kg-day -- -- -- 1.0E-08 mg/kg-day 4.0E-02 mg/kg-day 2.5E-07
Phenanthrene 2.5E-03 mg/kg 1.9E-08 mg/kg-day -- -- -- 6.7E-08 mg/kg-day 3.0E-01 mg/kg-day 2.2E-07
Benzo(a)anthracene 4.0E-03 mg/kg 3.0E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 3.7E-08 1.1E-07 mg/kg-day -- -- --
Benzo(a)pyrene 4.1E-03 mg/kg 3.1E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 2.2E-07 1.1E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene 5.0E-03 mg/kg 3.8E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 4.6E-08 1.3E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 3.7E-03 mg/kg 2.8E-08 mg/kg-day -- -- -- 9.8E-08 mg/kg-day 3.0E-02 mg/kg-day 3.3E-06
Benzo(k)fluoranthene 4.8E-03 mg/kg 3.7E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 4.4E-08 1.3E-07 mg/kg-day -- -- --
Chrysene 6.2E-03 mg/kg 4.7E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 5.6E-09 1.6E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene 2.1E-04 mg/kg 1.6E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.2E-08 5.7E-09 mg/kg-day -- -- --
Fluoranthene 1.5E-02 mg/kg 1.1E-07 mg/kg-day -- -- -- 4.0E-07 mg/kg-day 4.0E-02 mg/kg-day 1.0E-05
Indeno(1,2,3-cd)pyrene 2.0E-03 mg/kg 1.5E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.8E-08 5.2E-08 mg/kg-day -- -- --
Pyrene 1.5E-02 mg/kg 1.1E-07 mg/kg-day -- -- -- 3.9E-07 mg/kg-day 3.0E-02 mg/kg-day 1.3E-05
Monobutyltin 8.7E-04 mg/kg 6.7E-09 mg/kg-day -- -- -- 2.3E-08 mg/kg-day 3.0E-04 mg/kg-day 7.8E-05
Dibutyltin 1.5E-03 mg/kg 1.1E-08 mg/kg-day -- -- -- 4.0E-08 mg/kg-day 3.0E-04 mg/kg-day 1.3E-04
Tributyltin 4.6E-03 mg/kg 3.5E-08 mg/kg-day -- -- -- 1.2E-07 mg/kg-day 3.0E-04 mg/kg-day 4.1E-04
Total PCB Congeners 4.8E-02 mg/kg 3.6E-07 mg/kg-day 2.0E+00 (mg/kg-day)-1 7.3E-07 1.3E-06 mg/kg-day 2.0E-05 mg/kg-day 6.4E-02
Total TEQ – PCB DLC 1.9E-05 mg/kg 1.4E-10 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.8E-05 4.9E-10 mg/kg-day 7.0E-10 mg/kg-day 7.1E-01
Total TEQ – TCDD DLC 4.9E-07 mg/kg 3.7E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 4.8E-07 1.3E-11 mg/kg-day 7.0E-10 mg/kg-day 1.8E-02

Exp. Route Total 3.5E-04 1.3E+00
Exposure Point Total 3.5E-04 1.3E+00

Exposure Medium Total 3.5E-04 1.3E+00
Medium Total 3.5E-04 1.3E+00

Total of Receptor Risks across All Media 3.6E-04 Total of Receptor Hazards across All Media 1.6E+00
Notes:

Acronyms/Abbreviations:
-- = not available or not applicable (mg/kg-day)-1 =1/(milligram[s] per kilogram per day)
CSF = cancer slope factor mg/kg = milligram(s) per kilogram
DDD = dichlorodiphenyldichloroethane mg/kg-day = milligram(s) per kilogram per day
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl
DDT = dichlorodiphenyltrichloroethane RfC = reference concentration
EPC = exposure point concentration RfD = reference dose
Exp. = exposure RME = reasonable maximum exposure
M = lifetime exposure from birth, mutagenic endpoint TCDD = tetrachlorodibenzo-p-dioxin

a Macoma ingestion risks are evaluated for the adult receptor only.
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TABLE A-6B

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Aluminum -- -- -- -- 6.1E-02 -- 1.8E-03 6.3E-02

Antimony -- -- -- -- 6.6E-03 -- 1.3E-03 7.9E-03
Arsenic 5.9E-06 -- 9.5E-07 6.8E-06 1.8E-02 -- 2.7E-03 2.1E-02
Barium -- -- -- -- 2.0E-03 -- 8.3E-04 2.9E-03
Cadmium 4.2E-07 -- 5.3E-08 4.7E-07 2.5E-04 -- 2.9E-05 2.7E-04
Chromium -- -- -- -- 1.8E-04 -- 4.1E-04 5.9E-04
Cobalt -- -- -- -- 5.5E-02 -- 1.6E-03 5.7E-02
Copper -- -- -- -- 9.8E-04 -- 2.8E-05 1.0E-03
Iron -- -- -- -- 5.3E-02 -- 1.5E-03 5.5E-02
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 3.6E-03 -- 1.1E-04 3.7E-03
Mercury -- -- -- -- 2.1E-03 -- 6.0E-05 2.1E-03
Molybdenum -- -- -- -- 1.8E-04 -- 5.2E-06 1.9E-04
Nickel -- -- -- -- 4.0E-03 -- 2.9E-03 7.0E-03
Selenium -- -- -- -- 6.4E-05 -- 1.9E-06 6.6E-05
Silver -- -- -- -- 5.3E-05 -- 3.9E-05 9.2E-05
Vanadium -- -- -- -- 2.6E-02 -- 2.9E-02 5.6E-02
Zinc -- -- -- -- 3.4E-04 -- 1.0E-05 3.5E-04
4,4'-DDD 1.9E-11 -- 3.1E-12 2.2E-11 1.4E-06 -- 2.0E-07 1.6E-06
4,4'-DDE 3.2E-11 -- 5.1E-12 3.7E-11 1.7E-06 -- 2.4E-07 1.9E-06
4,4'-DDT 1.1E-11 -- 1.7E-12 1.2E-11 5.6E-07 -- 8.1E-08 6.4E-07
alpha-Chlordane 4.4E-12 -- 7.1E-13 5.1E-12 2.2E-07 -- 3.3E-08 2.6E-07
2-Methylnaphthalene -- -- -- -- 1.2E-06 -- 5.1E-07 1.7E-06
Acenaphthene -- -- -- -- 6.9E-08 -- 3.0E-08 9.9E-08
Acenaphthylene -- -- -- -- 1.0E-07 -- 4.5E-08 1.5E-07
Anthracene -- -- -- -- 1.0E-07 -- 4.4E-08 1.4E-07
Fluorene -- -- -- -- 1.5E-07 -- 6.6E-08 2.2E-07
Naphthalene -- -- -- -- 5.6E-07 -- 2.4E-07 8.0E-07
Phenanthrene -- -- -- -- 2.8E-07 -- 1.2E-07 4.0E-07
Benzo(a)anthracene 5.4E-08 -- 2.5E-08 7.9E-08 -- -- -- --
Benzo(a)pyrene 5.1E-07 -- 2.3E-07 7.4E-07 -- -- -- --
Benzo(b)fluoranthene 5.1E-08 -- 2.3E-08 7.5E-08 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 3.9E-06 -- 1.7E-06 5.6E-06
Benzo(k)fluoranthene 5.4E-08 -- 2.5E-08 7.9E-08 -- -- -- --
Chrysene 6.6E-09 -- 3.0E-09 9.6E-09 -- -- -- --
Dibenz(a,h)anthracene 4.3E-08 -- 2.0E-08 6.3E-08 -- -- -- --
Fluoranthene -- -- -- -- 4.7E-06 -- 2.1E-06 6.8E-06
Indeno(1,2,3-cd)pyrene 6.5E-08 -- 3.0E-08 9.5E-08 -- -- -- --
Pyrene -- -- -- -- 8.3E-06 -- 3.6E-06 1.2E-05
Dibutyltin -- -- -- -- 1.2E-05 -- 3.6E-06 1.6E-05
Tributyltin -- -- -- -- 1.5E-05 -- 4.4E-06 2.0E-05
Total PCB Congeners 6.0E-09 -- 2.9E-09 8.9E-09 1.3E-03 -- 5.8E-04 1.9E-03
Total TEQ – PCB DLC 1.0E-07 -- 1.0E-08 1.1E-07 1.0E-02 -- 8.9E-04 1.1E-02
Total TEQ – PCB DLC 1.0E-07 -- 1.0E-08 1.1E-07 1.0E-02 -- 8.9E-04 1.1E-02
Chemical Total 7.3E-06 -- 1.4E-06 8.7E-06 2.6E-01 -- 4.5E-02 3.0E-01

Exposure Point Total 8.7E-06 3.0E-01
Exposure Medium Total 8.7E-06 3.0E-01

Medium Total 8.7E-06 3.0E-01

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Summary of Receptor Risks and Hazards - Adult and Child Recreational User, Eastern Wetland Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures
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TABLE A-6B

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes TotalMedium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Summary of Receptor Risks and Hazards - Adult and Child Recreational User, Eastern Wetland Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Macoma Macoma Macoma Aluminum -- -- -- -- 6.9E-03 -- -- 6.9E-03
(ingestion) Antimony -- -- -- -- 2.6E-03 -- -- 2.6E-03

Arsenic 3.1E-04 -- -- 3.1E-04 3.8E-01 -- -- 3.8E-01
Barium -- -- -- -- 3.2E-04 -- -- 3.2E-04
Cadmium 2.0E-05 -- -- 2.0E-05 4.7E-03 -- -- 4.7E-03
Chromium -- -- -- -- 4.9E-05 -- -- 4.9E-05
Cobalt -- -- -- -- 3.6E-02 -- -- 3.6E-02
Copper -- -- -- -- 2.5E-03 -- -- 2.5E-03
Iron -- -- -- -- 1.4E-02 -- -- 1.4E-02
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 9.9E-04 -- -- 9.9E-04
Mercury -- -- -- -- 6.9E-03 -- -- 6.9E-03
Molybdenum -- -- -- -- 3.2E-03 -- -- 3.2E-03
Nickel -- -- -- -- 1.8E-03 -- -- 1.8E-03
Selenium -- -- -- -- 4.6E-03 -- -- 4.6E-03
Silver -- -- -- -- 2.1E-04 -- -- 2.1E-04
Vanadium -- -- -- -- 7.0E-03 -- -- 7.0E-03
Zinc -- -- -- -- 1.9E-03 -- -- 1.9E-03
4,4'-DDD 1.1E-09 -- -- 1.1E-09 3.3E-05 -- -- 3.3E-05
4,4'-DDE 3.5E-09 -- -- 3.5E-09 7.2E-05 -- -- 7.2E-05
alpha-Chlordane 4.7E-10 -- -- 4.7E-10 9.5E-06 -- -- 9.5E-06
Dieldrin 3.9E-08 -- -- 3.9E-08 1.7E-04 -- -- 1.7E-04
gamma-Chlordane 4.7E-10 -- -- 4.7E-10 9.3E-06 -- -- 9.3E-06
Acenaphthene -- -- -- -- 1.0E-07 -- -- 1.0E-07
Acenaphthylene -- -- -- -- 1.4E-07 -- -- 1.4E-07
Anthracene -- -- -- -- 1.8E-07 -- -- 1.8E-07
Fluorene -- -- -- -- 2.5E-07 -- -- 2.5E-07
Phenanthrene -- -- -- -- 2.2E-07 -- -- 2.2E-07
Benzo(a)anthracene 3.7E-08 -- -- 3.7E-08 -- -- -- --
Benzo(a)pyrene 2.2E-07 -- -- 2.2E-07 -- -- -- --
Benzo(b)fluoranthene 4.6E-08 -- -- 4.6E-08 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 3.3E-06 -- -- 3.3E-06
Benzo(k)fluoranthene 4.4E-08 -- -- 4.4E-08 -- -- -- --
Chrysene 5.6E-09 -- -- 5.6E-09 -- -- -- --
Dibenz(a,h)anthracene 1.2E-08 -- -- 1.2E-08 -- -- -- --
Fluoranthene -- -- -- -- 1.0E-05 -- -- 1.0E-05
Indeno(1,2,3-cd)pyrene 1.8E-08 -- -- 1.8E-08 -- -- -- --
Pyrene -- -- -- -- 1.3E-05 -- -- 1.3E-05
Monobutyltin -- -- -- -- 7.8E-05 -- -- 7.8E-05
Dibutyltin -- -- -- -- 1.3E-04 -- -- 1.3E-04
Tributyltin -- -- -- -- 4.1E-04 -- -- 4.1E-04
Total PCB Congeners 7.3E-07 -- -- 7.3E-07 6.4E-02 -- -- 6.4E-02
Total TEQ – PCB DLC 1.8E-05 -- -- 1.8E-05 7.1E-01 -- -- 7.1E-01
Total TEQ – TCDD DLC 4.8E-07 -- -- 4.8E-07 1.8E-02 -- -- 1.8E-02
Chemical Total 3.5E-04 -- -- 3.5E-04 1.3E+00 -- -- 1.3E+00

Exposure Point Total 3.5E-04 1.3E+00
Exposure Medium Total 3.5E-04 1.3E+00

Medium Total 3.5E-04 1.3E+00
Receptor Total Total Risk across All Media 3.6E-04 Total Hazard across All Media 1.6E+00
Acronyms/Abbreviations:

-- = not available or not applicable
EPA = United States Environmental Protection Agency DDT = dichlorodiphenyltrichloroethane
DDD = dichlorodiphenyldichloroethane PCB = polychlorinated biphenyl
DDE = dichlorodiphenyldichloroethylene TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-6C

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment BAP (EQ)* 7.4E-07 -- 3.4E-07 1.1E-06 -- -- -- --

(Oral/Dermal) Arsenic 5.9E-06 -- 9.5E-07 6.8E-06 1.8E-02 -- 2.7E-03 2.1E-02

Chemical Total 6.6E-06 -- 1.3E-06 7.9E-06 1.8E-02 -- 2.7E-03 2.1E-02
Exposure Point Total 7.9E-06 2.1E-02

Exposure Medium Total 7.9E-06 2.1E-02
Medium Total 7.9E-06 2.1E-02

Macoma Macoma Macoma Arsenic 3.1E-04 -- -- 3.1E-04 3.8E-01 -- -- 3.8E-01
(Oral) Cadmium 2.0E-05 -- -- 2.0E-05 4.7E-03 -- -- 4.7E-03

Total TEQ – PCB DLC 1.8E-05 -- -- 1.8E-05 7.1E-01 -- -- 7.1E-01

Chemical Total 3.5E-04 -- -- 3.5E-04 1.1E+00 -- -- 1.1E+00
Exposure Point Total 3.5E-04 1.1E+00

Exposure Medium Total 3.5E-04 1.1E+00
Medium Total 3.5E-04 1.1E+00
Receptor Total Total Risk across All Media 3.6E-04 Total Hazard across All Media 1.1E+00

Notes:
*

Acronyms/Abbreviations:
-- = not available or not applicable PAH = polycyclic aromatic hydrocarbon 
BAP (EQ) = benzo(a)pyrene equivalent PCB = polychlorinated biphenyl

Risk for benzo(a)pyrene equivalent (BAP [EQ]) is calculated by summing the risks for each of the individual potentially carcinogenic PAHs: benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, 
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene.

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Summary of Risk Drivers - Adult and Child Recreational User, Eastern Wetland Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures
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TABLE A-7A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Sediment Sediment Sediment Ingestion Aluminum 6.4E+04 mg/kg 2.6E-03 mg/kg-day -- -- -- 1.8E-01 mg/kg-day 1.0E+00 mg/kg-day 1.8E-01
Antimony 2.8E+00 mg/kg 1.1E-07 mg/kg-day -- -- -- 7.8E-06 mg/kg-day 4.0E-04 mg/kg-day 2.0E-02
Arsenic 9.7E+00 mg/kg 2.3E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 2.2E-06 1.6E-05 mg/kg-day 3.0E-04 mg/kg-day 5.5E-02
Barium 4.2E+02 mg/kg 1.7E-05 mg/kg-day -- -- -- 1.2E-03 mg/kg-day 2.0E-01 mg/kg-day 6.0E-03
Cadmium 2.6E-01 mg/kg 1.0E-08 mg/kg-day 1.5E+01 (mg/kg-day)-1 1.6E-07 7.3E-07 mg/kg-day 1.0E-03 mg/kg-day 7.3E-04
Chromium 2.9E+02 mg/kg 1.2E-05 mg/kg-day -- -- -- 8.2E-04 mg/kg-day 1.5E+00 mg/kg-day 5.5E-04
Cobalt 1.7E+01 mg/kg 7.0E-07 mg/kg-day -- -- -- 4.9E-05 mg/kg-day 3.0E-04 mg/kg-day 1.6E-01
Copper 4.1E+01 mg/kg 1.7E-06 mg/kg-day -- -- -- 1.2E-04 mg/kg-day 4.0E-02 mg/kg-day 2.9E-03
Iron 3.9E+04 mg/kg 1.6E-03 mg/kg-day -- -- -- 1.1E-01 mg/kg-day 7.0E-01 mg/kg-day 1.6E-01
Lead 2.5E+01 mg/kg 1.0E-06 mg/kg-day -- -- -- 7.0E-05 mg/kg-day -- -- --
Manganese 5.3E+02 mg/kg 2.2E-05 mg/kg-day -- -- -- 1.5E-03 mg/kg-day 1.4E-01 mg/kg-day 1.1E-02
Mercury 2.2E-01 mg/kg 8.8E-09 mg/kg-day -- -- -- 6.2E-07 mg/kg-day 1.0E-04 mg/kg-day 6.2E-03
Molybdenum 9.5E-01 mg/kg 3.8E-08 mg/kg-day -- -- -- 2.7E-06 mg/kg-day 5.0E-03 mg/kg-day 5.4E-04
Nickel 8.5E+01 mg/kg 3.4E-06 mg/kg-day -- -- -- 2.4E-04 mg/kg-day 2.0E-02 mg/kg-day 1.2E-02
Selenium 3.4E-01 mg/kg 1.4E-08 mg/kg-day -- -- -- 9.6E-07 mg/kg-day 5.0E-03 mg/kg-day 1.9E-04
Silver 2.8E-01 mg/kg 1.1E-08 mg/kg-day -- -- -- 7.9E-07 mg/kg-day 5.0E-03 mg/kg-day 1.6E-04
Vanadium 1.4E+02 mg/kg 5.6E-06 mg/kg-day -- -- -- 3.9E-04 mg/kg-day 5.0E-03 mg/kg-day 7.8E-02
Zinc 1.1E+02 mg/kg 4.4E-06 mg/kg-day -- -- -- 3.1E-04 mg/kg-day 3.0E-01 mg/kg-day 1.0E-03
4,4'-DDD 7.4E-04 mg/kg 3.0E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 7.2E-12 2.1E-09 mg/kg-day 5.0E-04 mg/kg-day 4.2E-06
4,4'-DDE 8.7E-04 mg/kg 3.5E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.2E-11 2.5E-09 mg/kg-day 5.0E-04 mg/kg-day 4.9E-06
4,4'-DDT 2.9E-04 mg/kg 1.2E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 4.0E-12 8.3E-10 mg/kg-day 5.0E-04 mg/kg-day 1.7E-06
alpha-Chlordane 1.2E-04 mg/kg 4.8E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.7E-12 3.3E-10 mg/kg-day 5.0E-04 mg/kg-day 6.7E-07
gamma-Chlordane 2.0E-05 mg/kg 8.1E-13 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.8E-13 5.7E-11 mg/kg-day 5.0E-04 mg/kg-day 1.1E-07
2-Methylnaphthalene 4.9E-03 mg/kg 2.0E-10 mg/kg-day -- -- -- 1.4E-08 mg/kg-day 4.0E-03 mg/kg-day 3.5E-06
Acenaphthene 4.4E-03 mg/kg 1.8E-10 mg/kg-day -- -- -- 1.2E-08 mg/kg-day 6.0E-02 mg/kg-day 2.1E-07
Acenaphthylene 6.6E-03 mg/kg 2.7E-10 mg/kg-day -- -- -- 1.9E-08 mg/kg-day 6.0E-02 mg/kg-day 3.1E-07
Anthracene 3.2E-02 mg/kg 1.3E-09 mg/kg-day -- -- -- 9.0E-08 mg/kg-day 3.0E-01 mg/kg-day 3.0E-07
Fluorene 6.4E-03 mg/kg 2.6E-10 mg/kg-day -- -- -- 1.8E-08 mg/kg-day 4.0E-02 mg/kg-day 4.5E-07
Naphthalene 1.2E-02 mg/kg 4.8E-10 mg/kg-day -- -- -- 3.3E-08 mg/kg-day 2.0E-02 mg/kg-day 1.7E-06
Phenanthrene 8.9E-02 mg/kg 3.6E-09 mg/kg-day -- -- -- 2.5E-07 mg/kg-day 3.0E-01 mg/kg-day 8.3E-07
Benzo(a)anthracene 9.3E-02 mg/kg 3.8E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 4.5E-09 2.6E-07 mg/kg-day -- -- --
Benzo(a)pyrene 1.4E-01 mg/kg 5.8E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 4.2E-08 4.0E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene 8.8E-02 mg/kg 3.6E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 4.3E-09 2.5E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.2E-01 mg/kg 5.0E-09 mg/kg-day -- -- -- 3.5E-07 mg/kg-day 3.0E-02 mg/kg-day 1.2E-05
Benzo(k)fluoranthene 9.3E-02 mg/kg 3.8E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 4.5E-09 2.6E-07 mg/kg-day -- -- --
Chrysene 1.1E-01 mg/kg 4.6E-09 mg/kg-day 1.2E-01 (mg/kg-day)-1 5.5E-10 3.2E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene 1.2E-02 mg/kg 4.9E-10 mg/kg-day 7.3E+00 (mg/kg-day)-1 3.6E-09 3.4E-08 mg/kg-day -- -- --
Fluoranthene 2.0E-01 mg/kg 8.0E-09 mg/kg-day -- -- -- 5.6E-07 mg/kg-day 4.0E-02 mg/kg-day 1.4E-05
Indeno(1,2,3-cd)pyrene 1.1E-01 mg/kg 4.5E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 5.4E-09 3.2E-07 mg/kg-day -- -- --
Pyrene 2.6E-01 mg/kg 1.1E-08 mg/kg-day -- -- -- 7.4E-07 mg/kg-day 3.0E-02 mg/kg-day 2.5E-05
Dibutyltin 3.9E-03 mg/kg 1.6E-10 mg/kg-day -- -- -- 1.1E-08 mg/kg-day 3.0E-04 mg/kg-day 3.7E-05
Tributyltin 4.8E-03 mg/kg 1.9E-10 mg/kg-day -- -- -- 1.4E-08 mg/kg-day 3.0E-04 mg/kg-day 4.5E-05
Total PCB Congeners 2.8E-02 mg/kg 1.1E-09 mg/kg-day 2.0E+00 (mg/kg-day)-1 2.3E-09 8.0E-08 mg/kg-day 2.0E-05 mg/kg-day 4.0E-03
Total TEQ – PCB DLC 7.5E-06 mg/kg 3.0E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 3.9E-08 2.1E-11 mg/kg-day 7.0E-10 mg/kg-day 3.0E-02

Exp. Route Total 2.5E-06 7.3E-01

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, Eastern Wetland Area

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures
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TABLE A-7A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, Eastern Wetland Area

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Dermal Aluminum 6.4E+04 mg/kg 3.8E-04 mg/kg-day -- -- -- 2.6E-02 mg/kg-day 1.0E+00 mg/kg-day 2.6E-02
Antimony 2.8E+00 mg/kg 1.6E-08 mg/kg-day -- -- -- 1.1E-06 mg/kg-day 6.0E-05 mg/kg-day 1.9E-02
Arsenic 9.7E+00 mg/kg 1.7E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 1.6E-06 1.2E-05 mg/kg-day 3.0E-04 mg/kg-day 4.0E-02
Barium 4.2E+02 mg/kg 2.5E-06 mg/kg-day -- -- -- 1.8E-04 mg/kg-day 1.4E-02 mg/kg-day 1.3E-02
Cadmium 2.6E-01 mg/kg 1.5E-10 mg/kg-day 6.0E+02 (mg/kg-day)-1 9.2E-08 1.1E-08 mg/kg-day 2.5E-05 mg/kg-day 4.3E-04
Chromium 2.9E+02 mg/kg 1.7E-06 mg/kg-day -- -- -- 1.2E-04 mg/kg-day 2.0E-02 mg/kg-day 6.1E-03
Cobalt 1.7E+01 mg/kg 1.0E-07 mg/kg-day -- -- -- 7.2E-06 mg/kg-day 3.0E-04 mg/kg-day 2.4E-02
Copper 4.1E+01 mg/kg 2.4E-07 mg/kg-day -- -- -- 1.7E-05 mg/kg-day 4.0E-02 mg/kg-day 4.2E-04
Iron 3.9E+04 mg/kg 2.3E-04 mg/kg-day -- -- -- 1.6E-02 mg/kg-day 7.0E-01 mg/kg-day 2.3E-02
Lead 2.5E+01 mg/kg 1.5E-07 mg/kg-day -- -- -- 1.0E-05 mg/kg-day -- -- --
Manganese 5.3E+02 mg/kg 3.2E-06 mg/kg-day -- -- -- 2.2E-04 mg/kg-day 1.4E-01 mg/kg-day 1.6E-03
Mercury 2.2E-01 mg/kg 1.3E-09 mg/kg-day -- -- -- 9.0E-08 mg/kg-day 1.0E-04 mg/kg-day 9.0E-04
Molybdenum 9.5E-01 mg/kg 5.6E-09 mg/kg-day -- -- -- 3.9E-07 mg/kg-day 5.0E-03 mg/kg-day 7.8E-05
Nickel 8.5E+01 mg/kg 5.0E-07 mg/kg-day -- -- -- 3.5E-05 mg/kg-day 8.0E-04 mg/kg-day 4.4E-02
Selenium 3.4E-01 mg/kg 2.0E-09 mg/kg-day -- -- -- 1.4E-07 mg/kg-day 5.0E-03 mg/kg-day 2.8E-05
Silver 2.8E-01 mg/kg 1.7E-09 mg/kg-day -- -- -- 1.2E-07 mg/kg-day 2.0E-04 mg/kg-day 5.8E-04
Vanadium 1.4E+02 mg/kg 8.2E-07 mg/kg-day -- -- -- 5.7E-05 mg/kg-day 1.3E-04 mg/kg-day 4.4E-01
Zinc 1.1E+02 mg/kg 6.4E-07 mg/kg-day -- -- -- 4.5E-05 mg/kg-day 3.0E-01 mg/kg-day 1.5E-04
4,4'-DDD 7.4E-04 mg/kg 2.2E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 5.3E-12 1.5E-09 mg/kg-day 5.0E-04 mg/kg-day 3.1E-06
4,4'-DDE 8.7E-04 mg/kg 2.6E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 8.8E-12 1.8E-09 mg/kg-day 5.0E-04 mg/kg-day 3.6E-06
4,4'-DDT 2.9E-04 mg/kg 8.6E-12 mg/kg-day 3.4E-01 (mg/kg-day)-1 2.9E-12 6.1E-10 mg/kg-day 5.0E-04 mg/kg-day 1.2E-06
alpha-Chlordane 1.2E-04 mg/kg 3.5E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.2E-12 2.4E-10 mg/kg-day 5.0E-04 mg/kg-day 4.9E-07
gamma-Chlordane 2.0E-05 mg/kg 5.9E-13 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.1E-13 4.1E-11 mg/kg-day 5.0E-04 mg/kg-day 8.3E-08
2-Methylnaphthalene 4.9E-03 mg/kg 4.3E-10 mg/kg-day -- -- -- 3.0E-08 mg/kg-day 4.0E-03 mg/kg-day 7.6E-06
Acenaphthene 4.4E-03 mg/kg 3.9E-10 mg/kg-day -- -- -- 2.7E-08 mg/kg-day 6.0E-02 mg/kg-day 4.5E-07
Acenaphthylene 6.6E-03 mg/kg 5.8E-10 mg/kg-day -- -- -- 4.1E-08 mg/kg-day 6.0E-02 mg/kg-day 6.8E-07
Anthracene 3.2E-02 mg/kg 2.8E-09 mg/kg-day -- -- -- 2.0E-07 mg/kg-day 3.0E-01 mg/kg-day 6.6E-07
Fluorene 6.4E-03 mg/kg 5.6E-10 mg/kg-day -- -- -- 3.9E-08 mg/kg-day 4.0E-02 mg/kg-day 9.9E-07
Naphthalene 1.2E-02 mg/kg 1.0E-09 mg/kg-day -- -- -- 7.3E-08 mg/kg-day 2.0E-02 mg/kg-day 3.7E-06
Phenanthrene 8.9E-02 mg/kg 7.8E-09 mg/kg-day -- -- -- 5.5E-07 mg/kg-day 3.0E-01 mg/kg-day 1.8E-06
Benzo(a)anthracene 9.3E-02 mg/kg 8.3E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 9.9E-09 5.8E-07 mg/kg-day -- -- --
Benzo(a)pyrene 1.4E-01 mg/kg 1.3E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 9.2E-08 8.9E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene 8.8E-02 mg/kg 7.8E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 9.4E-09 5.5E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.2E-01 mg/kg 1.1E-08 mg/kg-day -- -- -- 7.7E-07 mg/kg-day 3.0E-02 mg/kg-day 2.6E-05
Benzo(k)fluoranthene 9.3E-02 mg/kg 8.2E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 9.9E-09 5.8E-07 mg/kg-day -- -- --
Chrysene 1.1E-01 mg/kg 1.0E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 1.2E-09 7.0E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene 1.2E-02 mg/kg 1.1E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 7.9E-09 7.6E-08 mg/kg-day -- -- --
Fluoranthene 2.0E-01 mg/kg 1.8E-08 mg/kg-day -- -- -- 1.2E-06 mg/kg-day 4.0E-02 mg/kg-day 3.1E-05
Indeno(1,2,3-cd)pyrene 1.1E-01 mg/kg 9.9E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.2E-08 6.9E-07 mg/kg-day -- -- --
Pyrene 2.6E-01 mg/kg 2.3E-08 mg/kg-day -- -- -- 1.6E-06 mg/kg-day 3.0E-02 mg/kg-day 5.4E-05
Dibutyltin 3.9E-03 mg/kg 2.3E-10 mg/kg-day -- -- -- 1.6E-08 mg/kg-day 3.0E-04 mg/kg-day 5.4E-05
Tributyltin 4.8E-03 mg/kg 2.8E-10 mg/kg-day -- -- -- 2.0E-08 mg/kg-day 3.0E-04 mg/kg-day 6.6E-05
Total PCB Congeners 2.8E-02 mg/kg 2.5E-09 mg/kg-day 2.0E+00 (mg/kg-day)-1 5.0E-09 1.7E-07 mg/kg-day 2.0E-05 mg/kg-day 8.7E-03
Total TEQ – PCB DLC 7.5E-06 mg/kg 1.3E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.7E-08 9.3E-12 mg/kg-day 7.0E-10 mg/kg-day 1.3E-02

Exp. Route Total 1.9E-06 6.6E-01
Exposure Point Total 4.4E-06 1.4E+00

Exposure Medium Total 4.4E-06 1.4E+00
Medium Total 4.4E-06 1.4E+00

Total of Receptor Risks across All Media 4.4E-06 Total of Receptor Hazards across All Media 1.4E+00
Acronyms/Abbreviations:
-- = not available or not applicable (mg/kg-day)- 1/(milligram[s] per kilogram per day)
CSF = cancer slope factor mg/kg = milligram(s) per kilogram
DDD = dichlorodiphenyldichloroethane mg/kg-day = milligram(s) per kilogram per day
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl
DDT = dichlorodiphenyltrichloroethane RfC = reference concentration
EPC = exposure point concentration RfD = reference dose
Exp. = exposure RME = reasonable maximum exposure
M = lifetime exposure from birth, mutagenic endpoint TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-7B

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Aluminum -- -- -- -- 1.8E-01 -- 2.6E-02 2.1E-01

Antimony -- -- -- -- 2.0E-02 -- 1.9E-02 3.9E-02
Arsenic 2.2E-06 -- 1.6E-06 3.9E-06 5.5E-02 -- 4.0E-02 9.5E-02
Barium -- -- -- -- 6.0E-03 -- 1.3E-02 1.9E-02
Cadmium 1.6E-07 -- 9.2E-08 2.5E-07 7.3E-04 -- 4.3E-04 1.2E-03
Chromium -- -- -- -- 5.5E-04 -- 6.1E-03 6.7E-03
Cobalt -- -- -- -- 1.6E-01 -- 2.4E-02 1.9E-01
Copper -- -- -- -- 2.9E-03 -- 4.2E-04 3.3E-03
Iron -- -- -- -- 1.6E-01 -- 2.3E-02 1.8E-01
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 1.1E-02 -- 1.6E-03 1.2E-02
Mercury -- -- -- -- 6.2E-03 -- 9.0E-04 7.1E-03
Molybdenum -- -- -- -- 5.4E-04 -- 7.8E-05 6.1E-04
Nickel -- -- -- -- 1.2E-02 -- 4.4E-02 5.6E-02
Selenium -- -- -- -- 1.9E-04 -- 2.8E-05 2.2E-04
Silver -- -- -- -- 1.6E-04 -- 5.8E-04 7.4E-04
Vanadium -- -- -- -- 7.8E-02 -- 4.4E-01 5.2E-01
Zinc -- -- -- -- 1.0E-03 -- 1.5E-04 1.2E-03
4,4'-DDE 1.2E-11 -- 8.8E-12 2.1E-11 4.9E-06 -- 3.6E-06 8.5E-06
4,4'-DDT 4.0E-12 -- 2.9E-12 7.0E-12 1.7E-06 -- 1.2E-06 2.9E-06
alpha-Chlordane 1.7E-12 -- 1.2E-12 2.9E-12 6.7E-07 -- 4.9E-07 1.2E-06
gamma-Chlordane 2.8E-13 -- 2.1E-13 4.9E-13 1.1E-07 -- 8.3E-08 2.0E-07
2-Methylnaphthalene -- -- -- -- 3.5E-06 -- 7.6E-06 1.1E-05
Acenaphthene -- -- -- -- 2.1E-07 -- 4.5E-07 6.6E-07
Acenaphthylene -- -- -- -- 3.1E-07 -- 6.8E-07 9.9E-07
Anthracene -- -- -- -- 3.0E-07 -- 6.6E-07 9.6E-07
Fluorene -- -- -- -- 4.5E-07 -- 9.9E-07 1.4E-06
Naphthalene -- -- -- -- 1.7E-06 -- 3.7E-06 5.3E-06
Phenanthrene -- -- -- -- 8.3E-07 -- 1.8E-06 2.7E-06
Benzo(a)anthracene 4.5E-09 -- 9.9E-09 1.4E-08 -- -- -- --
Benzo(a)pyrene 4.2E-08 -- 9.2E-08 1.3E-07 -- -- -- --
Benzo(b)fluoranthene 4.3E-09 -- 9.4E-09 1.4E-08 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 1.2E-05 -- 2.6E-05 3.7E-05
Benzo(k)fluoranthene 4.5E-09 -- 9.9E-09 1.4E-08 -- -- -- --
Chrysene 5.5E-10 -- 1.2E-09 1.7E-09 -- -- -- --
Dibenz(a,h)anthracene 3.6E-09 -- 7.9E-09 1.1E-08 -- -- -- --
Fluoranthene -- -- -- -- 1.4E-05 -- 3.1E-05 4.5E-05
Indeno(1,2,3-cd)pyrene 5.4E-09 -- 1.2E-08 1.7E-08 -- -- -- --
Pyrene -- -- -- -- 2.5E-05 -- 5.4E-05 7.9E-05
Dibutyltin -- -- -- -- 3.7E-05 -- 5.4E-05 9.1E-05
Tributyltin -- -- -- -- 4.5E-05 -- 6.6E-05 1.1E-04
Total PCB Congeners 2.3E-09 -- 5.0E-09 7.3E-09 4.0E-03 -- 8.7E-03 1.3E-02
Total TEQ – PCB DLC 3.9E-08 -- 1.7E-08 5.7E-08 3.0E-02 -- 1.3E-02 4.4E-02

Chemical Total 2.5E-06 -- 1.9E-06 4.4E-06 7.3E-01 -- 6.6E-01 1.4E+00
Exposure Point Total 4.4E-06 1.4E+00

Exposure Medium Total 4.4E-06 1.4E+00
Medium Total 4.4E-06 1.4E+00
Receptor Total Total Risk across All Media 4.4E-06 Total Hazard across All Media 1.4E+00

Summary of Receptor Risks and Hazards - Construction Worker, Eastern Wetland Area

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

KCH-2622-0005-0138 Page 1 of 2

I I I I II I I I II I I I I 



TABLE A-7B

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total

Summary of Receptor Risks and Hazards - Construction Worker, Eastern Wetland Area

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Acronyms/Abbreviations:
-- = not available or not applicable

DDD = dichlorodiphenyldichloroethane DDT = dichlorodiphenyltrichloroethane
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl

TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-7C

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Arsenic 2.2E-06 -- 1.6E-06 3.9E-06 5.5E-02 -- 4.0E-02 9.5E-02

Chemical Total -- -- -- 3.9E-06 -- -- -- 9.5E-02
Exposure Point Total 3.9E-06 9.5E-02

Exposure Medium Total 3.9E-06 9.5E-02
Medium Total 3.9E-06 9.5E-02
Receptor Total Total Risk across All Media 3.9E-06 Total Hazard across All Media 9.5E-02
Acronyms/Abbreviations:

-- = not available or not applicable

Summary of Risk Drivers - Construction Worker, Eastern Wetland Area

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures
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TABLE A-8A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Sediment Sediment Sediment Ingestion Aluminum 7.2E+04 mg/kg 7.7E-03 mg/kg-day -- -- -- 6.8E-02 mg/kg-day 1.0E+00 mg/kg-day 6.8E-02
Antimony 1.1E+00 mg/kg 1.2E-07 mg/kg-day -- -- -- 1.0E-06 mg/kg-day 4.0E-04 mg/kg-day 2.6E-03
Arsenic 1.1E+01 mg/kg 7.0E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 6.7E-06 6.3E-06 mg/kg-day 3.0E-04 mg/kg-day 2.1E-02
Barium 5.0E+02 mg/kg 5.3E-05 mg/kg-day -- -- -- 4.7E-04 mg/kg-day 2.0E-01 mg/kg-day 2.4E-03
Cadmium 2.5E-01 mg/kg 2.6E-08 mg/kg-day 1.5E+01 (mg/kg-day)-1 3.9E-07 2.3E-07 mg/kg-day 1.0E-03 mg/kg-day 2.3E-04
Chromium 2.7E+02 mg/kg 2.8E-05 mg/kg-day -- -- -- 2.5E-04 mg/kg-day 1.5E+00 mg/kg-day 1.7E-04
Cobalt 1.9E+01 mg/kg 2.0E-06 mg/kg-day -- -- -- 1.8E-05 mg/kg-day 3.0E-04 mg/kg-day 5.9E-02
Copper 8.4E+01 mg/kg 8.9E-06 mg/kg-day -- -- -- 7.9E-05 mg/kg-day 4.0E-02 mg/kg-day 2.0E-03
Iron 4.3E+04 mg/kg 4.6E-03 mg/kg-day -- -- -- 4.1E-02 mg/kg-day 7.0E-01 mg/kg-day 5.8E-02
Lead 1.2E+02 mg/kg 1.2E-05 mg/kg-day -- -- -- 1.1E-04 mg/kg-day -- -- --
Manganese 4.4E+02 mg/kg 4.7E-05 mg/kg-day -- -- -- 4.2E-04 mg/kg-day 1.4E-01 mg/kg-day 3.0E-03
Mercury 3.6E-01 mg/kg 3.9E-08 mg/kg-day -- -- -- 3.4E-07 mg/kg-day 1.0E-04 mg/kg-day 3.4E-03
Molybdenum 1.3E+00 mg/kg 1.4E-07 mg/kg-day -- -- -- 1.2E-06 mg/kg-day 5.0E-03 mg/kg-day 2.5E-04
Nickel 1.8E+02 mg/kg 1.9E-05 mg/kg-day -- -- -- 1.7E-04 mg/kg-day 2.0E-02 mg/kg-day 8.5E-03
Selenium 3.9E-01 mg/kg 4.1E-08 mg/kg-day -- -- -- 3.7E-07 mg/kg-day 5.0E-03 mg/kg-day 7.4E-05
Silver 3.0E-01 mg/kg 3.2E-08 mg/kg-day -- -- -- 2.8E-07 mg/kg-day 5.0E-03 mg/kg-day 5.7E-05
Vanadium 1.4E+02 mg/kg 1.5E-05 mg/kg-day -- -- -- 1.3E-04 mg/kg-day 5.0E-03 mg/kg-day 2.7E-02
Zinc 1.3E+02 mg/kg 1.4E-05 mg/kg-day -- -- -- 1.2E-04 mg/kg-day 3.0E-01 mg/kg-day 4.1E-04
4,4'-DDD 1.6E-03 mg/kg 1.7E-10 mg/kg-day 2.4E-01 (mg/kg-day)-1 4.0E-11 1.5E-09 mg/kg-day 5.0E-04 mg/kg-day 2.9E-06
4,4'-DDE 1.5E-03 mg/kg 1.6E-10 mg/kg-day 3.4E-01 (mg/kg-day)-1 5.6E-11 1.5E-09 mg/kg-day 5.0E-04 mg/kg-day 2.9E-06
4,4'-DDT 7.1E-04 mg/kg 7.6E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 2.6E-11 6.8E-10 mg/kg-day 5.0E-04 mg/kg-day 1.4E-06
alpha-Chlordane 3.2E-04 mg/kg 3.4E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.2E-11 3.1E-10 mg/kg-day 5.0E-04 mg/kg-day 6.1E-07
gamma-Chlordane 1.4E-04 mg/kg 1.5E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 5.2E-12 1.3E-10 mg/kg-day 5.0E-04 mg/kg-day 2.7E-07
2-Methylnaphthalene 1.0E-02 mg/kg 1.1E-09 mg/kg-day -- -- -- 9.7E-09 mg/kg-day 4.0E-03 mg/kg-day 2.4E-06
Acenaphthene 9.7E-03 mg/kg 1.0E-09 mg/kg-day -- -- -- 9.2E-09 mg/kg-day 6.0E-02 mg/kg-day 1.5E-07
Acenaphthylene 1.2E-02 mg/kg 1.3E-09 mg/kg-day -- -- -- 1.2E-08 mg/kg-day 6.0E-02 mg/kg-day 1.9E-07
Anthracene 2.1E-01 mg/kg 2.2E-08 mg/kg-day -- -- -- 2.0E-07 mg/kg-day 3.0E-01 mg/kg-day 6.6E-07
Fluorene 3.0E-02 mg/kg 3.2E-09 mg/kg-day -- -- -- 2.8E-08 mg/kg-day 4.0E-02 mg/kg-day 7.0E-07
Naphthalene 1.7E-02 mg/kg 1.8E-09 mg/kg-day -- -- -- 1.6E-08 mg/kg-day 2.0E-02 mg/kg-day 7.8E-07
Phenanthrene 1.4E-01 mg/kg 1.5E-08 mg/kg-day -- -- -- 1.3E-07 mg/kg-day 3.0E-01 mg/kg-day 4.3E-07
Benzo(a)anthracene M 1.8E-01 mg/kg 8.6E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.0E-07 1.7E-07 mg/kg-day -- -- --
Benzo(a)pyrene M 2.5E-01 mg/kg 1.2E-07 mg/kg-day 7.3E+00 (mg/kg-day)-1 8.7E-07 2.3E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene M 2.0E-01 mg/kg 9.7E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.2E-07 1.9E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.9E-01 mg/kg 2.1E-08 mg/kg-day -- -- -- 1.8E-07 mg/kg-day 3.0E-02 mg/kg-day 6.1E-06
Benzo(k)fluoranthene M 1.9E-01 mg/kg 9.3E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.1E-07 1.8E-07 mg/kg-day -- -- --
Chrysene M 2.7E-01 mg/kg 1.3E-07 mg/kg-day 1.2E-01 (mg/kg-day)-1 1.5E-08 2.5E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene M 3.3E-02 mg/kg 1.6E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.2E-07 3.1E-08 mg/kg-day -- -- --
Fluoranthene 3.3E-01 mg/kg 3.6E-08 mg/kg-day -- -- -- 3.2E-07 mg/kg-day 4.0E-02 mg/kg-day 7.9E-06
Indeno(1,2,3-cd)pyrene M 1.9E-01 mg/kg 9.1E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.1E-07 1.8E-07 mg/kg-day -- -- --
Pyrene 3.8E-01 mg/kg 4.0E-08 mg/kg-day -- -- -- 3.6E-07 mg/kg-day 3.0E-02 mg/kg-day 1.2E-05
Dibutyltin 1.1E-02 mg/kg 1.2E-09 mg/kg-day -- -- -- 1.0E-08 mg/kg-day 3.0E-04 mg/kg-day 3.5E-05
Tributyltin 1.8E-02 mg/kg 1.9E-09 mg/kg-day -- -- -- 1.7E-08 mg/kg-day 3.0E-04 mg/kg-day 5.6E-05
Total PCB Congeners 9.0E-02 mg/kg 9.6E-09 mg/kg-day 2.0E+00 (mg/kg-day)-1 1.9E-08 8.5E-08 mg/kg-day 2.0E-05 mg/kg-day 4.3E-03
Total TEQ – PCB DLC 8.3E-06 mg/kg 8.9E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.2E-07 7.9E-12 mg/kg-day 7.0E-10 mg/kg-day 1.1E-02

Exp. Route Total 8.7E-06 2.7E-01

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, India Basin I 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
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TABLE A-8A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, India Basin I 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Dermal Aluminum 7.2E+04 mg/kg 2.5E-04 mg/kg-day -- -- -- 2.0E-03 mg/kg-day 1.0E+00 mg/kg-day 2.0E-03

Antimony 1.1E+00 mg/kg 3.7E-09 mg/kg-day -- -- -- 3.0E-08 mg/kg-day 6.0E-05 mg/kg-day 5.0E-04
Arsenic 1.1E+01 mg/kg 1.1E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 1.1E-06 9.1E-07 mg/kg-day 3.0E-04 mg/kg-day 3.0E-03
Barium 5.0E+02 mg/kg 1.7E-06 mg/kg-day -- -- -- 1.4E-05 mg/kg-day 1.4E-02 mg/kg-day 9.8E-04
Cadmium 2.5E-01 mg/kg 8.4E-11 mg/kg-day 6.0E+02 (mg/kg-day)-1 5.0E-08 6.7E-10 mg/kg-day 2.5E-05 mg/kg-day 2.7E-05
Chromium 2.7E+02 mg/kg 9.1E-07 mg/kg-day -- -- -- 7.3E-06 mg/kg-day 2.0E-02 mg/kg-day 3.8E-04
Cobalt 1.9E+01 mg/kg 6.4E-08 mg/kg-day -- -- -- 5.2E-07 mg/kg-day 3.0E-04 mg/kg-day 1.7E-03
Copper 8.4E+01 mg/kg 2.9E-07 mg/kg-day -- -- -- 2.3E-06 mg/kg-day 4.0E-02 mg/kg-day 5.8E-05
Iron 4.3E+04 mg/kg 1.5E-04 mg/kg-day -- -- -- 1.2E-03 mg/kg-day 7.0E-01 mg/kg-day 1.7E-03
Lead 1.2E+02 mg/kg 4.0E-07 mg/kg-day -- -- -- 3.2E-06 mg/kg-day -- -- --
Manganese 4.4E+02 mg/kg 1.5E-06 mg/kg-day -- -- -- 1.2E-05 mg/kg-day 1.4E-01 mg/kg-day 8.7E-05
Mercury 3.6E-01 mg/kg 1.2E-09 mg/kg-day -- -- -- 1.0E-08 mg/kg-day 1.0E-04 mg/kg-day 1.0E-04
Molybdenum 1.3E+00 mg/kg 4.4E-09 mg/kg-day -- -- -- 3.6E-08 mg/kg-day 5.0E-03 mg/kg-day 7.1E-06
Nickel 1.8E+02 mg/kg 6.2E-07 mg/kg-day -- -- -- 4.9E-06 mg/kg-day 8.0E-04 mg/kg-day 6.2E-03
Selenium 3.9E-01 mg/kg 1.3E-09 mg/kg-day -- -- -- 1.1E-08 mg/kg-day 5.0E-03 mg/kg-day 2.1E-06
Silver 3.0E-01 mg/kg 1.0E-09 mg/kg-day -- -- -- 8.3E-09 mg/kg-day 2.0E-04 mg/kg-day 4.1E-05
Vanadium 1.4E+02 mg/kg 4.8E-07 mg/kg-day -- -- -- 3.9E-06 mg/kg-day 1.3E-04 mg/kg-day 3.0E-02
Zinc 1.3E+02 mg/kg 4.5E-07 mg/kg-day -- -- -- 3.6E-06 mg/kg-day 3.0E-01 mg/kg-day 1.2E-05
4,4'-DDD 1.6E-03 mg/kg 2.7E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 6.4E-12 2.1E-10 mg/kg-day 5.0E-04 mg/kg-day 4.3E-07
4,4'-DDE 1.5E-03 mg/kg 2.6E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 9.0E-12 2.1E-10 mg/kg-day 5.0E-04 mg/kg-day 4.2E-07
4,4'-DDT 7.1E-04 mg/kg 1.2E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 4.2E-12 9.8E-11 mg/kg-day 5.0E-04 mg/kg-day 2.0E-07
alpha-Chlordane 3.2E-04 mg/kg 5.5E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.9E-12 4.4E-11 mg/kg-day 5.0E-04 mg/kg-day 8.9E-08
gamma-Chlordane 1.4E-04 mg/kg 2.4E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 8.4E-13 1.9E-11 mg/kg-day 5.0E-04 mg/kg-day 3.9E-08
2-Methylnaphthalene 1.0E-02 mg/kg 5.3E-10 mg/kg-day -- -- -- 4.2E-09 mg/kg-day 4.0E-03 mg/kg-day 1.1E-06
Acenaphthene 9.7E-03 mg/kg 5.0E-10 mg/kg-day -- -- -- 4.0E-09 mg/kg-day 6.0E-02 mg/kg-day 6.7E-08
Acenaphthylene 1.2E-02 mg/kg 6.3E-10 mg/kg-day -- -- -- 5.0E-09 mg/kg-day 6.0E-02 mg/kg-day 8.4E-08
Anthracene 2.1E-01 mg/kg 1.1E-08 mg/kg-day -- -- -- 8.7E-08 mg/kg-day 3.0E-01 mg/kg-day 2.9E-07
Fluorene 3.0E-02 mg/kg 1.5E-09 mg/kg-day -- -- -- 1.2E-08 mg/kg-day 4.0E-02 mg/kg-day 3.0E-07
Naphthalene 1.7E-02 mg/kg 8.5E-10 mg/kg-day -- -- -- 6.8E-09 mg/kg-day 2.0E-02 mg/kg-day 3.4E-07
Phenanthrene 1.4E-01 mg/kg 7.1E-09 mg/kg-day -- -- -- 5.7E-08 mg/kg-day 3.0E-01 mg/kg-day 1.9E-07
Benzo(a)anthracene M 1.8E-01 mg/kg 3.9E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 4.7E-08 7.4E-08 mg/kg-day -- -- --
Benzo(a)pyrene M 2.5E-01 mg/kg 5.4E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 4.0E-07 1.0E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene M 2.0E-01 mg/kg 4.4E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 5.3E-08 8.2E-08 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.9E-01 mg/kg 9.9E-09 mg/kg-day -- -- -- 8.0E-08 mg/kg-day 3.0E-02 mg/kg-day 2.7E-06
Benzo(k)fluoranthene M 1.9E-01 mg/kg 4.2E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 5.1E-08 7.9E-08 mg/kg-day -- -- --
Chrysene M 2.7E-01 mg/kg 5.9E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 7.1E-09 1.1E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene M 3.3E-02 mg/kg 7.2E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 5.3E-08 1.4E-08 mg/kg-day -- -- --
Fluoranthene 3.3E-01 mg/kg 1.7E-08 mg/kg-day -- -- -- 1.4E-07 mg/kg-day 4.0E-02 mg/kg-day 3.4E-06
Indeno(1,2,3-cd)pyrene M 1.9E-01 mg/kg 4.2E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 5.0E-08 7.8E-08 mg/kg-day -- -- --
Pyrene 3.8E-01 mg/kg 1.9E-08 mg/kg-day -- -- -- 1.6E-07 mg/kg-day 3.0E-02 mg/kg-day 5.2E-06
Dibutyltin 1.1E-02 mg/kg 3.7E-10 mg/kg-day -- -- -- 3.0E-09 mg/kg-day 3.0E-04 mg/kg-day 1.0E-05
Tributyltin 1.8E-02 mg/kg 6.1E-10 mg/kg-day -- -- -- 4.9E-09 mg/kg-day 3.0E-04 mg/kg-day 1.6E-05
Total PCB Congeners 9.0E-02 mg/kg 4.6E-09 mg/kg-day 2.0E+00 (mg/kg-day)-1 9.3E-09 3.7E-08 mg/kg-day 2.0E-05 mg/kg-day 1.9E-03
Total TEQ – PCB DLC 8.3E-06 mg/kg 8.5E-14 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.1E-08 6.8E-13 mg/kg-day 7.0E-10 mg/kg-day 9.8E-04

Exp. Route Total 1.8E-06 5.0E-02
Exposure Point Total 1.0E-05 3.2E-01

Exposure Medium Total 1.0E-05 3.2E-01
Medium Total 1.0E-05 3.2E-01
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TABLE A-8A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, India Basin I 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Macomaa Macoma Macoma Ingestion Aluminum 3.2E+02 mg/kg 2.5E-03 mg/kg-day -- -- -- 8.6E-03 mg/kg-day 1.0E+00 mg/kg-day 8.6E-03

Antimony 2.4E-02 mg/kg 1.8E-07 mg/kg-day -- -- -- 6.4E-07 mg/kg-day 4.0E-04 mg/kg-day 1.6E-03
Arsenic 3.5E+00 mg/kg 2.6E-05 mg/kg-day 9.5E+00 (mg/kg-day)-1 2.5E-04 9.2E-05 mg/kg-day 3.0E-04 mg/kg-day 3.1E-01
Barium 3.0E+00 mg/kg 2.3E-05 mg/kg-day -- -- -- 8.0E-05 mg/kg-day 2.0E-01 mg/kg-day 4.0E-04
Cadmium 4.8E-02 mg/kg 3.6E-07 mg/kg-day 1.5E+01 (mg/kg-day)-1 5.4E-06 1.3E-06 mg/kg-day 1.0E-03 mg/kg-day 1.3E-03
Chromium 1.6E+00 mg/kg 1.2E-05 mg/kg-day -- -- -- 4.3E-05 mg/kg-day 1.5E+00 mg/kg-day 2.9E-05
Cobalt 3.7E-01 mg/kg 2.8E-06 mg/kg-day -- -- -- 9.9E-06 mg/kg-day 3.0E-04 mg/kg-day 3.3E-02
Copper 2.4E+00 mg/kg 1.8E-05 mg/kg-day -- -- -- 6.4E-05 mg/kg-day 4.0E-02 mg/kg-day 1.6E-03
Iron 3.6E+02 mg/kg 2.7E-03 mg/kg-day -- -- -- 9.5E-03 mg/kg-day 7.0E-01 mg/kg-day 1.4E-02
Lead 4.2E-01 mg/kg 3.2E-06 mg/kg-day -- -- -- 1.1E-05 mg/kg-day -- -- --
Manganese 4.5E+00 mg/kg 3.4E-05 mg/kg-day -- -- -- 1.2E-04 mg/kg-day 1.4E-01 mg/kg-day 8.5E-04
Mercury 2.1E-02 mg/kg 1.6E-07 mg/kg-day -- -- -- 5.6E-07 mg/kg-day 1.0E-04 mg/kg-day 5.6E-03
Molybdenum 4.6E-01 mg/kg 3.5E-06 mg/kg-day -- -- -- 1.2E-05 mg/kg-day 5.0E-03 mg/kg-day 2.4E-03
Nickel 2.0E+00 mg/kg 1.5E-05 mg/kg-day -- -- -- 5.3E-05 mg/kg-day 2.0E-02 mg/kg-day 2.7E-03
Selenium 7.9E-01 mg/kg 6.0E-06 mg/kg-day -- -- -- 2.1E-05 mg/kg-day 5.0E-03 mg/kg-day 4.2E-03
Silver 1.3E-01 mg/kg 1.0E-06 mg/kg-day -- -- -- 3.5E-06 mg/kg-day 5.0E-03 mg/kg-day 7.1E-04
Vanadium 1.2E+00 mg/kg 9.5E-06 mg/kg-day -- -- -- 3.3E-05 mg/kg-day 5.0E-03 mg/kg-day 6.6E-03
Zinc 1.8E+01 mg/kg 1.3E-04 mg/kg-day -- -- -- 4.7E-04 mg/kg-day 3.0E-01 mg/kg-day 1.6E-03
4,4'-DDD 7.7E-04 mg/kg 5.8E-09 mg/kg-day 2.4E-01 (mg/kg-day)-1 1.4E-09 2.0E-08 mg/kg-day 5.0E-04 mg/kg-day 4.1E-05
4,4'-DDE 1.4E-03 mg/kg 1.0E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 3.5E-09 3.6E-08 mg/kg-day 5.0E-04 mg/kg-day 7.2E-05
alpha-Chlordane 2.5E-04 mg/kg 1.9E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 6.8E-10 6.8E-09 mg/kg-day 5.0E-04 mg/kg-day 1.4E-05
Dieldrin 3.5E-04 mg/kg 2.6E-09 mg/kg-day 1.6E+01 (mg/kg-day)-1 4.2E-08 9.3E-09 mg/kg-day 5.0E-05 mg/kg-day 1.9E-04
gamma-Chlordane 2.1E-04 mg/kg 1.6E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 5.6E-10 5.6E-09 mg/kg-day 5.0E-04 mg/kg-day 1.1E-05
Acenaphthene 3.8E-04 mg/kg 2.9E-09 mg/kg-day -- -- -- 1.0E-08 mg/kg-day 6.0E-02 mg/kg-day 1.7E-07
Acenaphthylene 7.1E-04 mg/kg 5.4E-09 mg/kg-day -- -- -- 1.9E-08 mg/kg-day 6.0E-02 mg/kg-day 3.1E-07
Anthracene 6.6E-03 mg/kg 5.0E-08 mg/kg-day -- -- -- 1.8E-07 mg/kg-day 3.0E-01 mg/kg-day 5.9E-07
Fluorene 5.1E-04 mg/kg 3.9E-09 mg/kg-day -- -- -- 1.4E-08 mg/kg-day 4.0E-02 mg/kg-day 3.4E-07
Phenanthrene 3.4E-03 mg/kg 2.6E-08 mg/kg-day -- -- -- 9.0E-08 mg/kg-day 3.0E-01 mg/kg-day 3.0E-07
Benzo(a)anthracene 1.2E-02 mg/kg 9.0E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.1E-07 3.1E-07 mg/kg-day -- -- --
Benzo(a)pyrene 7.9E-03 mg/kg 6.0E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 4.4E-07 2.1E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene 1.0E-02 mg/kg 7.6E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 9.1E-08 2.7E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 4.1E-03 mg/kg 3.1E-08 mg/kg-day -- -- -- 1.1E-07 mg/kg-day 3.0E-02 mg/kg-day 3.6E-06
Benzo(k)fluoranthene 9.7E-03 mg/kg 7.4E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 8.9E-08 2.6E-07 mg/kg-day -- -- --
Chrysene 1.6E-02 mg/kg 1.2E-07 mg/kg-day 1.2E-01 (mg/kg-day)-1 1.4E-08 4.2E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene 3.6E-04 mg/kg 2.8E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 2.0E-08 9.7E-09 mg/kg-day -- -- --
Fluoranthene 4.0E-02 mg/kg 3.0E-07 mg/kg-day -- -- -- 1.1E-06 mg/kg-day 4.0E-02 mg/kg-day 2.6E-05
Indeno(1,2,3-cd)pyrene 2.7E-03 mg/kg 2.0E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.4E-08 7.1E-08 mg/kg-day -- -- --
Pyrene 4.4E-02 mg/kg 3.4E-07 mg/kg-day -- -- -- 1.2E-06 mg/kg-day 3.0E-02 mg/kg-day 3.9E-05
Dibutyltin 1.8E-03 mg/kg 1.4E-08 mg/kg-day -- -- -- 4.8E-08 mg/kg-day 3.0E-04 mg/kg-day 1.6E-04
Tributyltin 7.2E-03 mg/kg 5.5E-08 mg/kg-day -- -- -- 1.9E-07 mg/kg-day 3.0E-04 mg/kg-day 6.4E-04
Total PCB Congeners 1.8E-02 mg/kg 1.4E-07 mg/kg-day 2.0E+00 (mg/kg-day)-1 2.7E-07 4.8E-07 mg/kg-day 2.0E-05 mg/kg-day 2.4E-02
Total TEQ – PCB DLC 1.3E-05 mg/kg 1.0E-10 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.3E-05 3.6E-10 mg/kg-day 7.0E-10 mg/kg-day 5.1E-01

Exp. Route Total 2.7E-04 9.3E-01
Exposure Point Total 2.7E-04 9.3E-01

Exposure Medium Total 2.7E-04 9.3E-01
Medium Total 2.7E-04 9.3E-01

Total of Receptor Risks across All Media 2.8E-04 Total of Receptor Hazards across All Media 1.3E+00
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TABLE A-8A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, India Basin I 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Notes:

Acronyms/Abbreviations:
-- = not available or not applicable (mg/kg-day)-1 = 1/(milligram[s] per kilogram per day)
CSF = cancer slope factor mg/kg = milligram(s) per kilogram
DDD = dichlorodiphenyldichloroethane mg/kg-day = milligram(s) per kilogram per day
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl
DDT = dichlorodiphenyltrichloroethane RfC = reference concentration
EPC = exposure point concentration RfD = reference dose
Exp. = exposure RME = reasonable maximum exposure
M = lifetime exposure from birth, mutagenic endpoint TCDD = tetrachlorodibenzo-p-dioxin

a Macoma ingestion risks are evaluated for the adult receptor only.
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TABLE A-8B

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Aluminum -- -- -- -- 6.8E-02 -- 2.0E-03 7.0E-02

Antimony -- -- -- -- 2.6E-03 -- 5.0E-04 3.1E-03
Arsenic 6.7E-06 -- 1.1E-06 7.8E-06 2.1E-02 -- 3.0E-03 2.4E-02
Barium -- -- -- -- 2.4E-03 -- 9.8E-04 3.3E-03
Cadmium 3.9E-07 -- 5.0E-08 4.4E-07 2.3E-04 -- 2.7E-05 2.6E-04
Chromium -- -- -- -- 1.7E-04 -- 3.8E-04 5.4E-04
Cobalt -- -- -- -- 5.9E-02 -- 1.7E-03 6.1E-02
Copper -- -- -- -- 2.0E-03 -- 5.8E-05 2.0E-03
Iron -- -- -- -- 5.8E-02 -- 1.7E-03 6.0E-02
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 3.0E-03 -- 8.7E-05 3.1E-03
Mercury -- -- -- -- 3.4E-03 -- 1.0E-04 3.5E-03
Molybdenum -- -- -- -- 2.5E-04 -- 7.1E-06 2.5E-04
Nickel -- -- -- -- 8.5E-03 -- 6.2E-03 1.5E-02
Selenium -- -- -- -- 7.4E-05 -- 2.1E-06 7.6E-05
Silver -- -- -- -- 5.7E-05 -- 4.1E-05 9.8E-05
Vanadium -- -- -- -- 2.7E-02 -- 3.0E-02 5.7E-02
Zinc -- -- -- -- 4.1E-04 -- 1.2E-05 4.2E-04
4,4'-DDD 4.0E-11 -- 6.4E-12 4.6E-11 2.9E-06 -- 4.3E-07 3.4E-06
4,4'-DDE 5.6E-11 -- 9.0E-12 6.5E-11 2.9E-06 -- 4.2E-07 3.3E-06
4,4'-DDT 2.6E-11 -- 4.2E-12 3.0E-11 1.4E-06 -- 2.0E-07 1.5E-06
alpha-Chlordane 1.2E-11 -- 1.9E-12 1.4E-11 6.1E-07 -- 8.9E-08 7.0E-07
gamma-Chlordane 5.2E-12 -- 8.4E-13 6.1E-12 2.7E-07 -- 3.9E-08 3.0E-07
2-Methylnaphthalene -- -- -- -- 2.4E-06 -- 1.1E-06 3.5E-06
Acenaphthene -- -- -- -- 1.5E-07 -- 6.7E-08 2.2E-07
Acenaphthylene -- -- -- -- 1.9E-07 -- 8.4E-08 2.8E-07
Anthracene -- -- -- -- 6.6E-07 -- 2.9E-07 9.5E-07
Fluorene -- -- -- -- 7.0E-07 -- 3.0E-07 1.0E-06
Naphthalene -- -- -- -- 7.8E-07 -- 3.4E-07 1.1E-06
Phenanthrene -- -- -- -- 4.3E-07 -- 1.9E-07 6.2E-07
Benzo(a)anthracene 1.0E-07 -- 4.7E-08 1.5E-07 -- -- -- --
Benzo(a)pyrene 8.7E-07 -- 4.0E-07 1.3E-06 -- -- -- --
Benzo(b)fluoranthene 1.2E-07 -- 5.3E-08 1.7E-07 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 6.1E-06 -- 2.7E-06 8.8E-06
Benzo(k)fluoranthene 1.1E-07 -- 5.1E-08 1.6E-07 -- -- -- --
Chrysene 1.5E-08 -- 7.1E-09 2.3E-08 -- -- -- --
Dibenz(a,h)anthracene 1.2E-07 -- 5.3E-08 1.7E-07 -- -- -- --
Fluoranthene -- -- -- -- 7.9E-06 -- 3.4E-06 1.1E-05
Indeno(1,2,3-cd)pyrene 1.1E-07 -- 5.0E-08 1.6E-07 -- -- -- --
Pyrene -- -- -- -- 1.2E-05 -- 5.2E-06 1.7E-05
Dibutyltin -- -- -- -- 3.5E-05 -- 1.0E-05 4.5E-05
Tributyltin -- -- -- -- 5.6E-05 -- 1.6E-05 7.2E-05
Total PCB Congeners 1.9E-08 -- 9.3E-09 2.8E-08 4.3E-03 -- 1.9E-03 6.1E-03
Total TEQ – PCB DLC 1.2E-07 -- 1.1E-08 1.3E-07 1.1E-02 -- 9.8E-04 1.2E-02
Chemical Total 8.7E-06 -- 1.8E-06 1.0E-05 2.7E-01 -- 5.0E-02 3.2E-01

Exposure Point Total 1.0E-05 3.2E-01
Exposure Medium Total 1.0E-05 3.2E-01

Medium Total 1.0E-05 3.2E-01

Summary of Receptor Risks and Hazards - Adult and Child Recreational User, India Basin I
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-8B

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total

Summary of Receptor Risks and Hazards - Adult and Child Recreational User, India Basin I
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Macoma Macoma Macoma Aluminum -- -- -- -- 8.6E-03 -- -- 8.6E-03
(ingestion) Antimony -- -- -- -- 1.6E-03 -- -- 1.6E-03

Arsenic 2.5E-04 -- -- 2.5E-04 3.1E-01 -- -- 3.1E-01
Barium -- -- -- -- 4.0E-04 -- -- 4.0E-04
Cadmium 5.4E-06 -- -- 5.4E-06 1.3E-03 -- -- 1.3E-03
Chromium -- -- -- -- 2.9E-05 -- -- 2.9E-05
Cobalt -- -- -- -- 3.3E-02 -- -- 3.3E-02
Copper -- -- -- -- 1.6E-03 -- -- 1.6E-03
Iron -- -- -- -- 1.4E-02 -- -- 1.4E-02
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 8.5E-04 -- -- 8.5E-04
Mercury -- -- -- -- 5.6E-03 -- -- 5.6E-03
Molybdenum -- -- -- -- 2.4E-03 -- -- 2.4E-03
Nickel -- -- -- -- 2.7E-03 -- -- 2.7E-03
Selenium -- -- -- -- 4.2E-03 -- -- 4.2E-03
Silver -- -- -- -- 7.1E-04 -- -- 7.1E-04
Vanadium -- -- -- -- 6.6E-03 -- -- 6.6E-03
Zinc -- -- -- -- 1.6E-03 -- -- 1.6E-03
4,4'-DDD 1.4E-09 -- -- 1.4E-09 4.1E-05 -- -- 4.1E-05
4,4'-DDE 3.5E-09 -- -- 3.5E-09 7.2E-05 -- -- 7.2E-05
alpha-Chlordane 6.8E-10 -- -- 6.8E-10 1.4E-05 -- -- 1.4E-05
Dieldrin 4.2E-08 -- -- 4.2E-08 1.9E-04 -- -- 1.9E-04
gamma-Chlordane 5.6E-10 -- -- 5.6E-10 1.1E-05 -- -- 1.1E-05
Acenaphthene -- -- -- -- 1.7E-07 -- -- 1.7E-07
Acenaphthylene -- -- -- -- 3.1E-07 -- -- 3.1E-07
Anthracene -- -- -- -- 5.9E-07 -- -- 5.9E-07
Fluorene -- -- -- -- 3.4E-07 -- -- 3.4E-07
Phenanthrene -- -- -- -- 3.0E-07 -- -- 3.0E-07
Benzo(a)anthracene 1.1E-07 -- -- 1.1E-07 -- -- -- --
Benzo(a)pyrene 4.4E-07 -- -- 4.4E-07 -- -- -- --
Benzo(b)fluoranthene 9.1E-08 -- -- 9.1E-08 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 3.6E-06 -- -- 3.6E-06
Benzo(k)fluoranthene 8.9E-08 -- -- 8.9E-08 -- -- -- --
Chrysene 1.4E-08 -- -- 1.4E-08 -- -- -- --
Dibenz(a,h)anthracene 2.0E-08 -- -- 2.0E-08 -- -- -- --
Fluoranthene -- -- -- -- 2.6E-05 -- -- 2.6E-05
Indeno(1,2,3-cd)pyrene 2.4E-08 -- -- 2.4E-08 -- -- -- --
Pyrene -- -- -- -- 3.9E-05 -- -- 3.9E-05
Dibutyltin -- -- -- -- 1.6E-04 -- -- 1.6E-04
Tributyltin -- -- -- -- 6.4E-04 -- -- 6.4E-04
Total PCB Congeners 2.7E-07 -- -- 2.7E-07 2.4E-02 -- -- 2.4E-02
Total TEQ – PCB DLC 1.3E-05 -- -- 1.3E-05 5.1E-01 -- -- 5.1E-01
Chemical Total 2.7E-04 -- -- 2.7E-04 9.3E-01 -- -- 9.3E-01

Exposure Point Total 2.7E-04 9.3E-01
Exposure Medium Total 2.7E-04 9.3E-01

Medium Total 2.7E-04 9.3E-01
Receptor Total Total Risk across All Media 2.8E-04 Total Hazard across All Media 1.3E+00
Acronyms/Abbreviations:

-- = not available or not applicable
DDD = dichlorodiphenyldichloroethane DDT = dichlorodiphenyltrichloroethane
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl

TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-8C

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment BAP (EQ)* 1.3E-06 -- 6.0E-07 1.9E-06 -- -- -- --

(Oral/Dermal) Arsenic 6.7E-06 -- 1.1E-06 7.8E-06 2.1E-02 -- 3.0E-03 2.4E-02

Chemical Total 8.0E-06 -- 1.7E-06 9.7E-06 2.1E-02 -- 3.0E-03 2.4E-02
Exposure Point Total 9.7E-06 2.4E-02

Exposure Medium Total 9.7E-06 2.4E-02
Medium Total 9.7E-06 2.4E-02

Macoma Macoma Macoma Arsenic 2.5E-04 -- -- 2.5E-04 3.1E-01 -- -- 3.1E-01
(Oral) Cadmium 5.4E-06 -- -- 5.4E-06 1.3E-03 -- -- 1.3E-03

Total TEQ – PCB DLC 1.3E-05 -- -- 1.3E-05 5.1E-01 -- -- 5.1E-01

Chemical Total 2.7E-04 -- -- 2.7E-04 8.2E-01 -- -- 8.2E-01
Exposure Point Total 2.7E-04 8.2E-01

Exposure Medium Total 2.7E-04 8.2E-01
Medium Total 2.7E-04 8.2E-01
Receptor Total Total Risk across All Media 2.8E-04 Total Hazard across All Media 8.4E-01

Notes:
*

Acronyms/Abbreviations:
-- = not available or not applicable PAH = polycyclic aromatic hydrocarbon 
BAP (EQ) = benzo(a)pyrene equivalent PCB = polychlorinated biphenyl

Risk for benzo(a)pyrene equivalent (BAP [EQ]) is calculated by summing the risks for each of the individual potentially carcinogenic PAHs: benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, 
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene.

Summary of Risk Drivers - Adult and Child Recreational User, India Basin I 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-9A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Sediment Sediment Sediment Ingestion Aluminum 7.2E+04 mg/kg 2.9E-03 mg/kg-day -- -- -- 2.0E-01 mg/kg-day 1.0E+00 mg/kg-day 2.0E-01
Antimony 1.1E+00 mg/kg 4.4E-08 mg/kg-day -- -- -- 3.1E-06 mg/kg-day 4.0E-04 mg/kg-day 7.6E-03
Arsenic 1.1E+01 mg/kg 2.7E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 2.5E-06 1.9E-05 mg/kg-day 3.0E-04 mg/kg-day 6.2E-02
Barium 5.0E+02 mg/kg 2.0E-05 mg/kg-day -- -- -- 1.4E-03 mg/kg-day 2.0E-01 mg/kg-day 7.0E-03
Cadmium 2.5E-01 mg/kg 9.9E-09 mg/kg-day 1.5E+01 (mg/kg-day)-1 1.5E-07 6.9E-07 mg/kg-day 1.0E-03 mg/kg-day 6.9E-04
Chromium 2.7E+02 mg/kg 1.1E-05 mg/kg-day -- -- -- 7.5E-04 mg/kg-day 1.5E+00 mg/kg-day 5.0E-04
Cobalt 1.9E+01 mg/kg 7.6E-07 mg/kg-day -- -- -- 5.3E-05 mg/kg-day 3.0E-04 mg/kg-day 1.8E-01
Copper 8.4E+01 mg/kg 3.4E-06 mg/kg-day -- -- -- 2.4E-04 mg/kg-day 4.0E-02 mg/kg-day 5.9E-03
Iron 4.3E+04 mg/kg 1.7E-03 mg/kg-day -- -- -- 1.2E-01 mg/kg-day 7.0E-01 mg/kg-day 1.7E-01
Lead 1.2E+02 mg/kg 4.6E-06 mg/kg-day -- -- -- 3.3E-04 mg/kg-day -- -- --
Manganese 4.4E+02 mg/kg 1.8E-05 mg/kg-day -- -- -- 1.2E-03 mg/kg-day 1.4E-01 mg/kg-day 8.9E-03
Mercury 3.6E-01 mg/kg 1.5E-08 mg/kg-day -- -- -- 1.0E-06 mg/kg-day 1.0E-04 mg/kg-day 1.0E-02
Molybdenum 1.3E+00 mg/kg 5.2E-08 mg/kg-day -- -- -- 3.7E-06 mg/kg-day 5.0E-03 mg/kg-day 7.3E-04
Nickel 1.8E+02 mg/kg 7.2E-06 mg/kg-day -- -- -- 5.1E-04 mg/kg-day 2.0E-02 mg/kg-day 2.5E-02
Selenium 3.9E-01 mg/kg 1.6E-08 mg/kg-day -- -- -- 1.1E-06 mg/kg-day 5.0E-03 mg/kg-day 2.2E-04
Silver 3.0E-01 mg/kg 1.2E-08 mg/kg-day -- -- -- 8.5E-07 mg/kg-day 5.0E-03 mg/kg-day 1.7E-04
Vanadium 1.4E+02 mg/kg 5.7E-06 mg/kg-day -- -- -- 4.0E-04 mg/kg-day 5.0E-03 mg/kg-day 8.0E-02
Zinc 1.3E+02 mg/kg 5.2E-06 mg/kg-day -- -- -- 3.7E-04 mg/kg-day 3.0E-01 mg/kg-day 1.2E-03
4,4'-DDD 1.6E-03 mg/kg 6.3E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 1.5E-11 4.4E-09 mg/kg-day 5.0E-04 mg/kg-day 8.8E-06
4,4'-DDE 1.5E-03 mg/kg 6.2E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 2.1E-11 4.4E-09 mg/kg-day 5.0E-04 mg/kg-day 8.7E-06
4,4'-DDT 7.1E-04 mg/kg 2.9E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 9.8E-12 2.0E-09 mg/kg-day 5.0E-04 mg/kg-day 4.0E-06
alpha-Chlordane 3.2E-04 mg/kg 1.3E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 4.6E-12 9.1E-10 mg/kg-day 5.0E-04 mg/kg-day 1.8E-06
gamma-Chlordane 1.4E-04 mg/kg 5.7E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.0E-12 4.0E-10 mg/kg-day 5.0E-04 mg/kg-day 7.9E-07
2-Methylnaphthalene 1.0E-02 mg/kg 4.1E-10 mg/kg-day -- -- -- 2.9E-08 mg/kg-day 4.0E-03 mg/kg-day 7.2E-06
Acenaphthene 9.7E-03 mg/kg 3.9E-10 mg/kg-day -- -- -- 2.7E-08 mg/kg-day 6.0E-02 mg/kg-day 4.6E-07
Acenaphthylene 1.2E-02 mg/kg 4.9E-10 mg/kg-day -- -- -- 3.4E-08 mg/kg-day 6.0E-02 mg/kg-day 5.7E-07
Anthracene 2.1E-01 mg/kg 8.5E-09 mg/kg-day -- -- -- 5.9E-07 mg/kg-day 3.0E-01 mg/kg-day 2.0E-06
Fluorene 3.0E-02 mg/kg 1.2E-09 mg/kg-day -- -- -- 8.3E-08 mg/kg-day 4.0E-02 mg/kg-day 2.1E-06
Naphthalene 1.7E-02 mg/kg 6.7E-10 mg/kg-day -- -- -- 4.7E-08 mg/kg-day 2.0E-02 mg/kg-day 2.3E-06
Phenanthrene 1.4E-01 mg/kg 5.5E-09 mg/kg-day -- -- -- 3.9E-07 mg/kg-day 3.0E-01 mg/kg-day 1.3E-06
Benzo(a)anthracene 1.8E-01 mg/kg 7.2E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 8.6E-09 5.0E-07 mg/kg-day -- -- --
Benzo(a)pyrene 2.5E-01 mg/kg 9.9E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 7.2E-08 6.9E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene 2.0E-01 mg/kg 8.0E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 9.6E-09 5.6E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.9E-01 mg/kg 7.8E-09 mg/kg-day -- -- -- 5.5E-07 mg/kg-day 3.0E-02 mg/kg-day 1.8E-05
Benzo(k)fluoranthene 1.9E-01 mg/kg 7.7E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 9.3E-09 5.4E-07 mg/kg-day -- -- --
Chrysene 2.7E-01 mg/kg 1.1E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 1.3E-09 7.5E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene 3.3E-02 mg/kg 1.3E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 9.6E-09 9.2E-08 mg/kg-day -- -- --
Fluoranthene 3.3E-01 mg/kg 1.3E-08 mg/kg-day -- -- -- 9.4E-07 mg/kg-day 4.0E-02 mg/kg-day 2.4E-05
Indeno(1,2,3-cd)pyrene 1.9E-01 mg/kg 7.6E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 9.1E-09 5.3E-07 mg/kg-day -- -- --
Pyrene 3.8E-01 mg/kg 1.5E-08 mg/kg-day -- -- -- 1.1E-06 mg/kg-day 3.0E-02 mg/kg-day 3.6E-05
Dibutyltin 1.1E-02 mg/kg 4.4E-10 mg/kg-day -- -- -- 3.1E-08 mg/kg-day 3.0E-04 mg/kg-day 1.0E-04
Tributyltin 1.8E-02 mg/kg 7.1E-10 mg/kg-day -- -- -- 5.0E-08 mg/kg-day 3.0E-04 mg/kg-day 1.7E-04
Total PCB Congeners 9.0E-02 mg/kg 3.6E-09 mg/kg-day 2.0E+00 (mg/kg-day)-1 7.2E-09 2.5E-07 mg/kg-day 2.0E-05 mg/kg-day 1.3E-02
Total TEQ – PCB DLC 8.3E-06 mg/kg 3.3E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 4.3E-08 2.3E-11 mg/kg-day 7.0E-10 mg/kg-day 3.3E-02

Exp. Route Total 2.8E-06 8.1E-01

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, India Basin I
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
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TABLE A-9A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, India Basin I
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Dermal Aluminum 7.2E+04 mg/kg 4.3E-04 mg/kg-day -- -- -- 3.0E-02 mg/kg-day 1.0E+00 mg/kg-day 3.0E-02

Antimony 1.1E+00 mg/kg 6.4E-09 mg/kg-day -- -- -- 4.5E-07 mg/kg-day 6.0E-05 mg/kg-day 7.5E-03
Arsenic 1.1E+01 mg/kg 1.9E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 1.8E-06 1.4E-05 mg/kg-day 3.0E-04 mg/kg-day 4.5E-02
Barium 5.0E+02 mg/kg 2.9E-06 mg/kg-day -- -- -- 2.1E-04 mg/kg-day 1.4E-02 mg/kg-day 1.5E-02
Cadmium 2.5E-01 mg/kg 1.4E-10 mg/kg-day 6.0E+02 (mg/kg-day)-1 8.7E-08 1.0E-08 mg/kg-day 2.5E-05 mg/kg-day 4.0E-04
Chromium 2.7E+02 mg/kg 1.6E-06 mg/kg-day -- -- -- 1.1E-04 mg/kg-day 2.0E-02 mg/kg-day 5.6E-03
Cobalt 1.9E+01 mg/kg 1.1E-07 mg/kg-day -- -- -- 7.7E-06 mg/kg-day 3.0E-04 mg/kg-day 2.6E-02
Copper 8.4E+01 mg/kg 4.9E-07 mg/kg-day -- -- -- 3.5E-05 mg/kg-day 4.0E-02 mg/kg-day 8.6E-04
Iron 4.3E+04 mg/kg 2.5E-04 mg/kg-day -- -- -- 1.8E-02 mg/kg-day 7.0E-01 mg/kg-day 2.5E-02
Lead 1.2E+02 mg/kg 6.8E-07 mg/kg-day -- -- -- 4.8E-05 mg/kg-day -- -- --
Manganese 4.4E+02 mg/kg 2.6E-06 mg/kg-day -- -- -- 1.8E-04 mg/kg-day 1.4E-01 mg/kg-day 1.3E-03
Mercury 3.6E-01 mg/kg 2.1E-09 mg/kg-day -- -- -- 1.5E-07 mg/kg-day 1.0E-04 mg/kg-day 1.5E-03
Molybdenum 1.3E+00 mg/kg 7.6E-09 mg/kg-day -- -- -- 5.3E-07 mg/kg-day 5.0E-03 mg/kg-day 1.1E-04
Nickel 1.8E+02 mg/kg 1.1E-06 mg/kg-day -- -- -- 7.4E-05 mg/kg-day 8.0E-04 mg/kg-day 9.3E-02
Selenium 3.9E-01 mg/kg 2.3E-09 mg/kg-day -- -- -- 1.6E-07 mg/kg-day 5.0E-03 mg/kg-day 3.2E-05
Silver 3.0E-01 mg/kg 1.8E-09 mg/kg-day -- -- -- 1.2E-07 mg/kg-day 2.0E-04 mg/kg-day 6.2E-04
Vanadium 1.4E+02 mg/kg 8.3E-07 mg/kg-day -- -- -- 5.8E-05 mg/kg-day 1.3E-04 mg/kg-day 4.5E-01
Zinc 1.3E+02 mg/kg 7.7E-07 mg/kg-day -- -- -- 5.4E-05 mg/kg-day 3.0E-01 mg/kg-day 1.8E-04
4,4'-DDD 1.6E-03 mg/kg 4.6E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 1.1E-11 3.2E-09 mg/kg-day 5.0E-04 mg/kg-day 6.4E-06
4,4'-DDE 1.5E-03 mg/kg 4.5E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.5E-11 3.2E-09 mg/kg-day 5.0E-04 mg/kg-day 6.4E-06
4,4'-DDT 7.1E-04 mg/kg 2.1E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 7.1E-12 1.5E-09 mg/kg-day 5.0E-04 mg/kg-day 2.9E-06
alpha-Chlordane 3.2E-04 mg/kg 9.5E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.3E-12 6.7E-10 mg/kg-day 5.0E-04 mg/kg-day 1.3E-06
gamma-Chlordane 1.4E-04 mg/kg 4.1E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.4E-12 2.9E-10 mg/kg-day 5.0E-04 mg/kg-day 5.8E-07
2-Methylnaphthalene 1.0E-02 mg/kg 9.0E-10 mg/kg-day -- -- -- 6.3E-08 mg/kg-day 4.0E-03 mg/kg-day 1.6E-05
Acenaphthene 9.7E-03 mg/kg 8.6E-10 mg/kg-day -- -- -- 6.0E-08 mg/kg-day 6.0E-02 mg/kg-day 1.0E-06
Acenaphthylene 1.2E-02 mg/kg 1.1E-09 mg/kg-day -- -- -- 7.6E-08 mg/kg-day 6.0E-02 mg/kg-day 1.3E-06
Anthracene 2.1E-01 mg/kg 1.9E-08 mg/kg-day -- -- -- 1.3E-06 mg/kg-day 3.0E-01 mg/kg-day 4.3E-06
Fluorene 3.0E-02 mg/kg 2.6E-09 mg/kg-day -- -- -- 1.8E-07 mg/kg-day 4.0E-02 mg/kg-day 4.6E-06
Naphthalene 1.7E-02 mg/kg 1.5E-09 mg/kg-day -- -- -- 1.0E-07 mg/kg-day 2.0E-02 mg/kg-day 5.1E-06
Phenanthrene 1.4E-01 mg/kg 1.2E-08 mg/kg-day -- -- -- 8.5E-07 mg/kg-day 3.0E-01 mg/kg-day 2.8E-06
Benzo(a)anthracene 1.8E-01 mg/kg 1.6E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.9E-08 1.1E-06 mg/kg-day -- -- --
Benzo(a)pyrene 2.5E-01 mg/kg 2.2E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.6E-07 1.5E-06 mg/kg-day -- -- --
Benzo(b)fluoranthene 2.0E-01 mg/kg 1.8E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.1E-08 1.2E-06 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.9E-01 mg/kg 1.7E-08 mg/kg-day -- -- -- 1.2E-06 mg/kg-day 3.0E-02 mg/kg-day 4.0E-05
Benzo(k)fluoranthene 1.9E-01 mg/kg 1.7E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.0E-08 1.2E-06 mg/kg-day -- -- --
Chrysene 2.7E-01 mg/kg 2.4E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 2.8E-09 1.6E-06 mg/kg-day -- -- --
Dibenz(a,h)anthracene 3.3E-02 mg/kg 2.9E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 2.1E-08 2.0E-07 mg/kg-day -- -- --
Fluoranthene 3.3E-01 mg/kg 3.0E-08 mg/kg-day -- -- -- 2.1E-06 mg/kg-day 4.0E-02 mg/kg-day 5.2E-05
Indeno(1,2,3-cd)pyrene 1.9E-01 mg/kg 1.7E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.0E-08 1.2E-06 mg/kg-day -- -- --
Pyrene 3.8E-01 mg/kg 3.3E-08 mg/kg-day -- -- -- 2.3E-06 mg/kg-day 3.0E-02 mg/kg-day 7.8E-05
Dibutyltin 1.1E-02 mg/kg 6.4E-10 mg/kg-day -- -- -- 4.5E-08 mg/kg-day 3.0E-04 mg/kg-day 1.5E-04
Tributyltin 1.8E-02 mg/kg 1.0E-09 mg/kg-day -- -- -- 7.3E-08 mg/kg-day 3.0E-04 mg/kg-day 2.4E-04
Total PCB Congeners 9.0E-02 mg/kg 8.0E-09 mg/kg-day 2.0E+00 (mg/kg-day)-1 1.6E-08 5.6E-07 mg/kg-day 2.0E-05 mg/kg-day 2.8E-02
Total TEQ – PCB DLC 8.3E-06 mg/kg 1.5E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.9E-08 1.0E-11 mg/kg-day 7.0E-10 mg/kg-day 1.5E-02

Exp. Route Total 2.2E-06 7.4E-01
Exposure Point Total 5.1E-06 1.6E+00

Exposure Medium Total 5.1E-06 1.6E+00
Medium Total 5.1E-06 1.6E+00

Total of Receptor Risks across All Media 5.1E-06 Total of Receptor Hazards across All Media 1.6E+00
Acronyms/Abbreviations:
-- = not available or not applicable (mg/kg-day)- 1/(milligram[s] per kilogram per day)
CSF = cancer slope factor mg/kg = milligram(s) per kilogram
DDD = dichlorodiphenyldichloroethane mg/kg-day = milligram(s) per kilogram per day
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl
DDT = dichlorodiphenyltrichloroethane RfC = reference concentration
EPC = exposure point concentration RfD = reference dose
Exp. = exposure RME = reasonable maximum exposure
M = lifetime exposure from birth, mutagenic endpoint TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-9B

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Aluminum -- -- -- -- 2.0E-01 -- 3.0E-02 2.3E-01

Antimony -- -- -- -- 7.6E-03 -- 7.5E-03 1.5E-02
Arsenic 2.5E-06 -- 1.8E-06 4.4E-06 6.2E-02 -- 4.5E-02 1.1E-01
Barium -- -- -- -- 7.0E-03 -- 1.5E-02 2.2E-02
Cadmium 1.5E-07 -- 8.7E-08 2.4E-07 6.9E-04 -- 4.0E-04 1.1E-03
Chromium -- -- -- -- 5.0E-04 -- 5.6E-03 6.1E-03
Cobalt -- -- -- -- 1.8E-01 -- 2.6E-02 2.0E-01
Copper -- -- -- -- 5.9E-03 -- 8.6E-04 6.8E-03
Iron -- -- -- -- 1.7E-01 -- 2.5E-02 2.0E-01
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 8.9E-03 -- 1.3E-03 1.0E-02
Mercury -- -- -- -- 1.0E-02 -- 1.5E-03 1.2E-02
Molybdenum -- -- -- -- 7.3E-04 -- 1.1E-04 8.4E-04
Nickel -- -- -- -- 2.5E-02 -- 9.3E-02 1.2E-01
Selenium -- -- -- -- 2.2E-04 -- 3.2E-05 2.5E-04
Silver -- -- -- -- 1.7E-04 -- 6.2E-04 7.9E-04
Vanadium -- -- -- -- 8.0E-02 -- 4.5E-01 5.3E-01
Zinc -- -- -- -- 1.2E-03 -- 1.8E-04 1.4E-03
4,4'-DDE 2.1E-11 -- 1.5E-11 3.7E-11 8.7E-06 -- 6.4E-06 1.5E-05
4,4'-DDT 9.8E-12 -- 7.1E-12 1.7E-11 4.0E-06 -- 2.9E-06 7.0E-06
alpha-Chlordane 4.6E-12 -- 3.3E-12 7.9E-12 1.8E-06 -- 1.3E-06 3.2E-06
gamma-Chlordane 2.0E-12 -- 1.4E-12 3.4E-12 7.9E-07 -- 5.8E-07 1.4E-06
2-Methylnaphthalene -- -- -- -- 7.2E-06 -- 1.6E-05 2.3E-05
Acenaphthene -- -- -- -- 4.6E-07 -- 1.0E-06 1.5E-06
Acenaphthylene -- -- -- -- 5.7E-07 -- 1.3E-06 1.8E-06
Anthracene -- -- -- -- 2.0E-06 -- 4.3E-06 6.3E-06
Fluorene -- -- -- -- 2.1E-06 -- 4.6E-06 6.7E-06
Naphthalene -- -- -- -- 2.3E-06 -- 5.1E-06 7.4E-06
Phenanthrene -- -- -- -- 1.3E-06 -- 2.8E-06 4.1E-06
Benzo(a)anthracene 8.6E-09 -- 1.9E-08 2.8E-08 -- -- -- --
Benzo(a)pyrene 7.2E-08 -- 1.6E-07 2.3E-07 -- -- -- --
Benzo(b)fluoranthene 9.6E-09 -- 2.1E-08 3.1E-08 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 1.8E-05 -- 4.0E-05 5.8E-05
Benzo(k)fluoranthene 9.3E-09 -- 2.0E-08 3.0E-08 -- -- -- --
Chrysene 1.3E-09 -- 2.8E-09 4.1E-09 -- -- -- --
Dibenz(a,h)anthracene 9.6E-09 -- 2.1E-08 3.1E-08 -- -- -- --
Fluoranthene -- -- -- -- 2.4E-05 -- 5.2E-05 7.5E-05
Indeno(1,2,3-cd)pyrene 9.1E-09 -- 2.0E-08 2.9E-08 -- -- -- --
Pyrene -- -- -- -- 3.6E-05 -- 7.8E-05 1.1E-04
Dibutyltin -- -- -- -- 1.0E-04 -- 1.5E-04 2.5E-04
Tributyltin -- -- -- -- 1.7E-04 -- 2.4E-04 4.1E-04
Total PCB Congeners 7.2E-09 -- 1.6E-08 2.3E-08 1.3E-02 -- 2.8E-02 4.1E-02
Total TEQ – PCB DLC 4.3E-08 -- 1.9E-08 6.3E-08 3.3E-02 -- 1.5E-02 4.8E-02
Chemical Total 2.8E-06 -- 2.2E-06 5.1E-06 8.1E-01 -- 7.4E-01 1.6E+00

Exposure Point Total 5.1E-06 1.6E+00
Exposure Medium Total 5.1E-06 1.6E+00

Medium Total 5.1E-06 1.6E+00
Receptor Total Total Risk across All Media 5.1E-06 Total Hazard across All Media 1.6E+00

Summary of Receptor Risks and Hazards - Construction Worker, India Basin I
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-9B

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total

Summary of Receptor Risks and Hazards - Construction Worker, India Basin I
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Acronyms/Abbreviations:
-- = not available or not applicable

DDD = dichlorodiphenyldichloroethane DDT = dichlorodiphenyltrichloroethane
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl

TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-9C

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Arsenic 2.5E-06 -- 1.8E-06 4.4E-06 6.2E-02 -- 4.5E-02 1.1E-01

Chemical Total -- -- -- 4.4E-06 -- -- -- 1.1E-01
Exposure Point Total 4.4E-06 1.1E-01

Exposure Medium Total 4.4E-06 1.1E-01
Medium Total 4.4E-06 1.1E-01
Receptor Total Total Risk across All Media 4.4E-06 Total Hazard across All Media 1.1E-01
Acronyms/Abbreviations:

-- = not available or not applicable

Summary of Risk Drivers - Construction Worker, India Basin I
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-10A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Sediment Sediment Sediment Ingestion Aluminum 7.2E+04 mg/kg 7.7E-03 mg/kg-day -- -- -- 6.8E-02 mg/kg-day 1.0E+00 mg/kg-day 6.8E-02
Antimony 2.8E+00 mg/kg 3.0E-07 mg/kg-day -- -- -- 2.6E-06 mg/kg-day 4.0E-04 mg/kg-day 6.6E-03
Arsenic 1.3E+01 mg/kg 8.1E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 7.7E-06 7.2E-06 mg/kg-day 3.0E-04 mg/kg-day 2.4E-02
Barium 4.4E+02 mg/kg 4.7E-05 mg/kg-day -- -- -- 4.2E-04 mg/kg-day 2.0E-01 mg/kg-day 2.1E-03
Cadmium 3.9E-01 mg/kg 4.1E-08 mg/kg-day 1.5E+01 (mg/kg-day)-1 6.2E-07 3.7E-07 mg/kg-day 1.0E-03 mg/kg-day 3.7E-04
Chromium 4.3E+02 mg/kg 4.6E-05 mg/kg-day -- -- -- 4.1E-04 mg/kg-day 1.5E+00 mg/kg-day 2.7E-04
Cobalt 2.1E+01 mg/kg 2.2E-06 mg/kg-day -- -- -- 2.0E-05 mg/kg-day 3.0E-04 mg/kg-day 6.6E-02
Copper 8.4E+01 mg/kg 9.0E-06 mg/kg-day -- -- -- 8.0E-05 mg/kg-day 4.0E-02 mg/kg-day 2.0E-03
Iron 4.7E+04 mg/kg 5.1E-03 mg/kg-day -- -- -- 4.5E-02 mg/kg-day 7.0E-01 mg/kg-day 6.4E-02
Lead 5.4E+01 mg/kg 5.8E-06 mg/kg-day -- -- -- 5.2E-05 mg/kg-day -- -- --
Manganese 5.7E+02 mg/kg 6.1E-05 mg/kg-day -- -- -- 5.4E-04 mg/kg-day 1.4E-01 mg/kg-day 3.9E-03
Mercury 5.2E-01 mg/kg 5.5E-08 mg/kg-day -- -- -- 4.9E-07 mg/kg-day 1.0E-04 mg/kg-day 4.9E-03
Molybdenum 1.6E+00 mg/kg 1.7E-07 mg/kg-day -- -- -- 1.6E-06 mg/kg-day 5.0E-03 mg/kg-day 3.1E-04
Nickel 1.4E+02 mg/kg 1.4E-05 mg/kg-day -- -- -- 1.3E-04 mg/kg-day 2.0E-02 mg/kg-day 6.4E-03
Selenium 3.8E-01 mg/kg 4.0E-08 mg/kg-day -- -- -- 3.6E-07 mg/kg-day 5.0E-03 mg/kg-day 7.2E-05
Silver 4.3E-01 mg/kg 4.6E-08 mg/kg-day -- -- -- 4.1E-07 mg/kg-day 5.0E-03 mg/kg-day 8.1E-05
Vanadium 1.6E+02 mg/kg 1.7E-05 mg/kg-day -- -- -- 1.6E-04 mg/kg-day 5.0E-03 mg/kg-day 3.1E-02
Zinc 1.6E+02 mg/kg 1.7E-05 mg/kg-day -- -- -- 1.5E-04 mg/kg-day 3.0E-01 mg/kg-day 5.1E-04
4,4'-DDD 2.7E-03 mg/kg 2.8E-10 mg/kg-day 2.4E-01 (mg/kg-day)-1 6.8E-11 2.5E-09 mg/kg-day 5.0E-04 mg/kg-day 5.1E-06
4,4'-DDE 1.3E-03 mg/kg 1.4E-10 mg/kg-day 3.4E-01 (mg/kg-day)-1 4.8E-11 1.2E-09 mg/kg-day 5.0E-04 mg/kg-day 2.5E-06
4,4'-DDT 6.6E-04 mg/kg 7.0E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 2.4E-11 6.3E-10 mg/kg-day 5.0E-04 mg/kg-day 1.3E-06
alpha-Chlordane 3.6E-04 mg/kg 3.9E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.4E-11 3.4E-10 mg/kg-day 5.0E-04 mg/kg-day 6.9E-07
Dieldrin 4.4E-04 mg/kg 4.7E-11 mg/kg-day 1.6E+01 (mg/kg-day)-1 7.5E-10 4.2E-10 mg/kg-day 5.0E-05 mg/kg-day 8.4E-06
gamma-Chlordane 3.8E-04 mg/kg 4.1E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.4E-11 3.6E-10 mg/kg-day 5.0E-04 mg/kg-day 7.2E-07
2-Methylnaphthalene 8.7E-03 mg/kg 9.2E-10 mg/kg-day -- -- -- 8.2E-09 mg/kg-day 4.0E-03 mg/kg-day 2.1E-06
Acenaphthene 5.8E-03 mg/kg 6.2E-10 mg/kg-day -- -- -- 5.5E-09 mg/kg-day 6.0E-02 mg/kg-day 9.1E-08
Acenaphthylene 9.1E-03 mg/kg 9.7E-10 mg/kg-day -- -- -- 8.6E-09 mg/kg-day 6.0E-02 mg/kg-day 1.4E-07
Anthracene 4.2E-02 mg/kg 4.5E-09 mg/kg-day -- -- -- 4.0E-08 mg/kg-day 3.0E-01 mg/kg-day 1.3E-07
Fluorene 8.9E-03 mg/kg 9.5E-10 mg/kg-day -- -- -- 8.5E-09 mg/kg-day 4.0E-02 mg/kg-day 2.1E-07
Naphthalene 1.5E-02 mg/kg 1.6E-09 mg/kg-day -- -- -- 1.4E-08 mg/kg-day 2.0E-02 mg/kg-day 7.2E-07
Phenanthrene 1.0E-01 mg/kg 1.1E-08 mg/kg-day -- -- -- 9.8E-08 mg/kg-day 3.0E-01 mg/kg-day 3.3E-07
Benzo(a)anthracene M 1.2E-01 mg/kg 5.8E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 7.0E-08 1.1E-07 mg/kg-day -- -- --
Benzo(a)pyrene M 2.0E-01 mg/kg 9.5E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 6.9E-07 1.9E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene M 1.3E-01 mg/kg 6.5E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 7.8E-08 1.3E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.8E-01 mg/kg 1.9E-08 mg/kg-day -- -- -- 1.7E-07 mg/kg-day 3.0E-02 mg/kg-day 5.7E-06
Benzo(k)fluoranthene M 1.4E-01 mg/kg 6.8E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 8.2E-08 1.3E-07 mg/kg-day -- -- --
Chrysene M 2.0E-01 mg/kg 9.5E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 1.1E-08 1.9E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene M 2.1E-02 mg/kg 1.0E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 7.4E-08 2.0E-08 mg/kg-day -- -- --
Fluoranthene 2.4E-01 mg/kg 2.6E-08 mg/kg-day -- -- -- 2.3E-07 mg/kg-day 4.0E-02 mg/kg-day 5.7E-06
Indeno(1,2,3-cd)pyrene M 1.6E-01 mg/kg 7.9E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 9.5E-08 1.5E-07 mg/kg-day -- -- --
Pyrene 3.0E-01 mg/kg 3.2E-08 mg/kg-day -- -- -- 2.8E-07 mg/kg-day 3.0E-02 mg/kg-day 9.5E-06
Monobutyltin 2.7E-03 mg/kg 2.9E-10 mg/kg-day -- -- -- 2.6E-09 mg/kg-day 3.0E-04 mg/kg-day 8.5E-06
Dibutyltin 1.6E-02 mg/kg 1.7E-09 mg/kg-day -- -- -- 1.5E-08 mg/kg-day 3.0E-04 mg/kg-day 5.1E-05
Tributyltin 4.1E-02 mg/kg 4.3E-09 mg/kg-day -- -- -- 3.9E-08 mg/kg-day 3.0E-04 mg/kg-day 1.3E-04
Total PCB Congeners 3.4E-01 mg/kg 3.6E-08 mg/kg-day 2.0E+00 (mg/kg-day)-1 7.2E-08 3.2E-07 mg/kg-day 2.0E-05 mg/kg-day 1.6E-02
Total TEQ – PCB DLC 8.5E-06 mg/kg 9.1E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.2E-07 8.1E-12 mg/kg-day 7.0E-10 mg/kg-day 1.2E-02

Exp. Route Total 9.6E-06 3.1E-01

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Oil Reclamation Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
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TABLE A-10A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Oil Reclamation Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Sediment Sediment Sediment Dermal Aluminum 7.2E+04 mg/kg 2.5E-04 mg/kg-day -- -- -- 2.0E-03 mg/kg-day 1.0E+00 mg/kg-day 2.0E-03

Antimony 2.8E+00 mg/kg 9.5E-09 mg/kg-day -- -- -- 7.6E-08 mg/kg-day 6.0E-05 mg/kg-day 1.3E-03
Arsenic 1.3E+01 mg/kg 1.3E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 1.2E-06 1.0E-06 mg/kg-day 3.0E-04 mg/kg-day 3.5E-03
Barium 4.4E+02 mg/kg 1.5E-06 mg/kg-day -- -- -- 1.2E-05 mg/kg-day 1.4E-02 mg/kg-day 8.7E-04
Cadmium 3.9E-01 mg/kg 1.3E-10 mg/kg-day 6.0E+02 (mg/kg-day)-1 8.0E-08 1.1E-09 mg/kg-day 2.5E-05 mg/kg-day 4.3E-05
Chromium 4.3E+02 mg/kg 1.5E-06 mg/kg-day -- -- -- 1.2E-05 mg/kg-day 2.0E-02 mg/kg-day 6.1E-04
Cobalt 2.1E+01 mg/kg 7.1E-08 mg/kg-day -- -- -- 5.7E-07 mg/kg-day 3.0E-04 mg/kg-day 1.9E-03
Copper 8.4E+01 mg/kg 2.9E-07 mg/kg-day -- -- -- 2.3E-06 mg/kg-day 4.0E-02 mg/kg-day 5.8E-05
Iron 4.7E+04 mg/kg 1.6E-04 mg/kg-day -- -- -- 1.3E-03 mg/kg-day 7.0E-01 mg/kg-day 1.9E-03
Lead 5.4E+01 mg/kg 1.9E-07 mg/kg-day -- -- -- 1.5E-06 mg/kg-day -- -- --
Manganese 5.7E+02 mg/kg 2.0E-06 mg/kg-day -- -- -- 1.6E-05 mg/kg-day 1.4E-01 mg/kg-day 1.1E-04
Mercury 5.2E-01 mg/kg 1.8E-09 mg/kg-day -- -- -- 1.4E-08 mg/kg-day 1.0E-04 mg/kg-day 1.4E-04
Molybdenum 1.6E+00 mg/kg 5.6E-09 mg/kg-day -- -- -- 4.5E-08 mg/kg-day 5.0E-03 mg/kg-day 9.0E-06
Nickel 1.4E+02 mg/kg 4.6E-07 mg/kg-day -- -- -- 3.7E-06 mg/kg-day 8.0E-04 mg/kg-day 4.7E-03
Selenium 3.8E-01 mg/kg 1.3E-09 mg/kg-day -- -- -- 1.0E-08 mg/kg-day 5.0E-03 mg/kg-day 2.1E-06
Silver 4.3E-01 mg/kg 1.5E-09 mg/kg-day -- -- -- 1.2E-08 mg/kg-day 2.0E-04 mg/kg-day 5.9E-05
Vanadium 1.6E+02 mg/kg 5.6E-07 mg/kg-day -- -- -- 4.5E-06 mg/kg-day 1.3E-04 mg/kg-day 3.5E-02
Zinc 1.6E+02 mg/kg 5.6E-07 mg/kg-day -- -- -- 4.5E-06 mg/kg-day 3.0E-01 mg/kg-day 1.5E-05
4,4'-DDD 2.7E-03 mg/kg 4.6E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 1.1E-11 3.7E-10 mg/kg-day 5.0E-04 mg/kg-day 7.3E-07
4,4'-DDE 1.3E-03 mg/kg 2.2E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 7.6E-12 1.8E-10 mg/kg-day 5.0E-04 mg/kg-day 3.6E-07
4,4'-DDT 6.6E-04 mg/kg 1.1E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 3.8E-12 9.1E-11 mg/kg-day 5.0E-04 mg/kg-day 1.8E-07
alpha-Chlordane 3.6E-04 mg/kg 6.2E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.2E-12 5.0E-11 mg/kg-day 5.0E-04 mg/kg-day 1.0E-07
Dieldrin 4.4E-04 mg/kg 1.5E-11 mg/kg-day 1.6E+01 (mg/kg-day)-1 2.4E-10 1.2E-10 mg/kg-day 5.0E-05 mg/kg-day 2.4E-06
gamma-Chlordane 3.8E-04 mg/kg 6.5E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.3E-12 5.2E-11 mg/kg-day 5.0E-04 mg/kg-day 1.0E-07
2-Methylnaphthalene 8.7E-03 mg/kg 4.5E-10 mg/kg-day -- -- -- 3.6E-09 mg/kg-day 4.0E-03 mg/kg-day 8.9E-07
Acenaphthene 5.8E-03 mg/kg 3.0E-10 mg/kg-day -- -- -- 2.4E-09 mg/kg-day 6.0E-02 mg/kg-day 4.0E-08
Acenaphthylene 9.1E-03 mg/kg 4.7E-10 mg/kg-day -- -- -- 3.7E-09 mg/kg-day 6.0E-02 mg/kg-day 6.2E-08
Anthracene 4.2E-02 mg/kg 2.2E-09 mg/kg-day -- -- -- 1.8E-08 mg/kg-day 3.0E-01 mg/kg-day 5.8E-08
Fluorene 8.9E-03 mg/kg 4.6E-10 mg/kg-day -- -- -- 3.7E-09 mg/kg-day 4.0E-02 mg/kg-day 9.2E-08
Naphthalene 1.5E-02 mg/kg 7.8E-10 mg/kg-day -- -- -- 6.3E-09 mg/kg-day 2.0E-02 mg/kg-day 3.1E-07
Phenanthrene 1.0E-01 mg/kg 5.3E-09 mg/kg-day -- -- -- 4.3E-08 mg/kg-day 3.0E-01 mg/kg-day 1.4E-07
Benzo(a)anthracene M 1.2E-01 mg/kg 2.7E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 3.2E-08 5.0E-08 mg/kg-day -- -- --
Benzo(a)pyrene M 2.0E-01 mg/kg 4.3E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 3.2E-07 8.1E-08 mg/kg-day -- -- --
Benzo(b)fluoranthene M 1.3E-01 mg/kg 3.0E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 3.6E-08 5.5E-08 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.8E-01 mg/kg 9.3E-09 mg/kg-day -- -- -- 7.4E-08 mg/kg-day 3.0E-02 mg/kg-day 2.5E-06
Benzo(k)fluoranthene M 1.4E-01 mg/kg 3.1E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 3.7E-08 5.8E-08 mg/kg-day -- -- --
Chrysene M 2.0E-01 mg/kg 4.3E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 5.2E-09 8.1E-08 mg/kg-day -- -- --
Dibenz(a,h)anthracene M 2.1E-02 mg/kg 4.6E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 3.4E-08 8.7E-09 mg/kg-day -- -- --
Fluoranthene 2.4E-01 mg/kg 1.2E-08 mg/kg-day -- -- -- 9.9E-08 mg/kg-day 4.0E-02 mg/kg-day 2.5E-06
Indeno(1,2,3-cd)pyrene M 1.6E-01 mg/kg 3.6E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 4.3E-08 6.7E-08 mg/kg-day -- -- --
Pyrene 3.0E-01 mg/kg 1.5E-08 mg/kg-day -- -- -- 1.2E-07 mg/kg-day 3.0E-02 mg/kg-day 4.1E-06
Monobutyltin 2.7E-03 mg/kg 9.2E-11 mg/kg-day -- -- -- 7.4E-10 mg/kg-day 3.0E-04 mg/kg-day 2.5E-06
Dibutyltin 1.6E-02 mg/kg 5.5E-10 mg/kg-day -- -- -- 4.4E-09 mg/kg-day 3.0E-04 mg/kg-day 1.5E-05
Tributyltin 4.1E-02 mg/kg 1.4E-09 mg/kg-day -- -- -- 1.1E-08 mg/kg-day 3.0E-04 mg/kg-day 3.7E-05
Total PCB Congeners 3.4E-01 mg/kg 1.7E-08 mg/kg-day 2.0E+00 (mg/kg-day)-1 3.5E-08 1.4E-07 mg/kg-day 2.0E-05 mg/kg-day 7.0E-03
Total TEQ – PCB DLC 8.5E-06 mg/kg 8.7E-14 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.1E-08 7.0E-13 mg/kg-day 7.0E-10 mg/kg-day 1.0E-03

Exp. Route Total 1.9E-06 6.0E-02
Exposure Point Total 1.2E-05 3.7E-01

Exposure Medium Total 1.2E-05 3.7E-01
Medium Total 1.2E-05 3.7E-01
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TABLE A-10A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Oil Reclamation Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Macomaa Macoma Macoma Ingestion Aluminum 4.3E+02 mg/kg 3.3E-03 mg/kg-day -- -- -- 1.2E-02 mg/kg-day 1.0E+00 mg/kg-day 1.2E-02

Antimony 4.4E-02 mg/kg 3.4E-07 mg/kg-day -- -- -- 1.2E-06 mg/kg-day 4.0E-04 mg/kg-day 2.9E-03
Arsenic 3.9E+00 mg/kg 3.0E-05 mg/kg-day 9.5E+00 (mg/kg-day)-1 2.8E-04 1.0E-04 mg/kg-day 3.0E-04 mg/kg-day 3.5E-01
Barium 3.7E+00 mg/kg 2.8E-05 mg/kg-day -- -- -- 9.8E-05 mg/kg-day 2.0E-01 mg/kg-day 4.9E-04
Cadmium 2.0E-01 mg/kg 1.5E-06 mg/kg-day 1.5E+01 (mg/kg-day)-1 2.3E-05 5.3E-06 mg/kg-day 1.0E-03 mg/kg-day 5.3E-03
Chromium 4.7E+00 mg/kg 3.6E-05 mg/kg-day -- -- -- 1.2E-04 mg/kg-day 1.5E+00 mg/kg-day 8.3E-05
Cobalt 4.6E-01 mg/kg 3.5E-06 mg/kg-day -- -- -- 1.2E-05 mg/kg-day 3.0E-04 mg/kg-day 4.0E-02
Copper 3.6E+00 mg/kg 2.8E-05 mg/kg-day -- -- -- 9.7E-05 mg/kg-day 4.0E-02 mg/kg-day 2.4E-03
Iron 6.0E+02 mg/kg 4.6E-03 mg/kg-day -- -- -- 1.6E-02 mg/kg-day 7.0E-01 mg/kg-day 2.3E-02
Lead 1.1E+00 mg/kg 8.1E-06 mg/kg-day -- -- -- 2.8E-05 mg/kg-day -- -- --
Manganese 8.0E+00 mg/kg 6.1E-05 mg/kg-day -- -- -- 2.1E-04 mg/kg-day 1.4E-01 mg/kg-day 1.5E-03
Mercury 2.5E-02 mg/kg 1.9E-07 mg/kg-day -- -- -- 6.5E-07 mg/kg-day 1.0E-04 mg/kg-day 6.5E-03
Molybdenum 5.1E-01 mg/kg 3.9E-06 mg/kg-day -- -- -- 1.4E-05 mg/kg-day 5.0E-03 mg/kg-day 2.7E-03
Nickel 1.9E+00 mg/kg 1.5E-05 mg/kg-day -- -- -- 5.1E-05 mg/kg-day 2.0E-02 mg/kg-day 2.6E-03
Selenium 8.7E-01 mg/kg 6.6E-06 mg/kg-day -- -- -- 2.3E-05 mg/kg-day 5.0E-03 mg/kg-day 4.6E-03
Silver 3.7E-02 mg/kg 2.8E-07 mg/kg-day -- -- -- 9.9E-07 mg/kg-day 5.0E-03 mg/kg-day 2.0E-04
Vanadium 2.0E+00 mg/kg 1.5E-05 mg/kg-day -- -- -- 5.3E-05 mg/kg-day 5.0E-03 mg/kg-day 1.1E-02
Zinc 1.9E+01 mg/kg 1.4E-04 mg/kg-day -- -- -- 5.0E-04 mg/kg-day 3.0E-01 mg/kg-day 1.7E-03
4,4'-DDD 1.2E-03 mg/kg 8.8E-09 mg/kg-day 2.4E-01 (mg/kg-day)-1 2.1E-09 3.1E-08 mg/kg-day 5.0E-04 mg/kg-day 6.2E-05
4,4'-DDE 2.2E-03 mg/kg 1.7E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 5.7E-09 5.9E-08 mg/kg-day 5.0E-04 mg/kg-day 1.2E-04
4,4'-DDT 7.0E-05 mg/kg 5.3E-10 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.8E-10 1.9E-09 mg/kg-day 5.0E-04 mg/kg-day 3.7E-06
alpha-Chlordane 2.8E-04 mg/kg 2.1E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 7.4E-10 7.4E-09 mg/kg-day 5.0E-04 mg/kg-day 1.5E-05
Dieldrin 2.6E-04 mg/kg 2.0E-09 mg/kg-day 1.6E+01 (mg/kg-day)-1 3.2E-08 7.0E-09 mg/kg-day 5.0E-05 mg/kg-day 1.4E-04
gamma-Chlordane 3.3E-04 mg/kg 2.5E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 8.9E-10 8.9E-09 mg/kg-day 5.0E-04 mg/kg-day 1.8E-05
Acenaphthene 1.7E-04 mg/kg 1.3E-09 mg/kg-day -- -- -- 4.6E-09 mg/kg-day 6.0E-02 mg/kg-day 7.7E-08
Acenaphthylene 4.3E-04 mg/kg 3.3E-09 mg/kg-day -- -- -- 1.1E-08 mg/kg-day 6.0E-02 mg/kg-day 1.9E-07
Anthracene 1.4E-03 mg/kg 1.0E-08 mg/kg-day -- -- -- 3.6E-08 mg/kg-day 3.0E-01 mg/kg-day 1.2E-07
Fluorene 2.6E-04 mg/kg 2.0E-09 mg/kg-day -- -- -- 6.9E-09 mg/kg-day 4.0E-02 mg/kg-day 1.7E-07
Phenanthrene 2.6E-03 mg/kg 2.0E-08 mg/kg-day -- -- -- 6.9E-08 mg/kg-day 3.0E-01 mg/kg-day 2.3E-07
Benzo(a)anthracene 4.8E-03 mg/kg 3.6E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 4.4E-08 1.3E-07 mg/kg-day -- -- --
Benzo(a)pyrene 6.6E-03 mg/kg 5.0E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 3.6E-07 1.7E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene 6.8E-03 mg/kg 5.1E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 6.2E-08 1.8E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 4.5E-03 mg/kg 3.4E-08 mg/kg-day -- -- -- 1.2E-07 mg/kg-day 3.0E-02 mg/kg-day 4.0E-06
Benzo(k)fluoranthene 8.3E-03 mg/kg 6.3E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 7.5E-08 2.2E-07 mg/kg-day -- -- --
Chrysene 9.1E-03 mg/kg 6.9E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 8.3E-09 2.4E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene 2.8E-04 mg/kg 2.1E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.5E-08 7.4E-09 mg/kg-day -- -- --
Fluoranthene 1.7E-02 mg/kg 1.3E-07 mg/kg-day -- -- -- 4.6E-07 mg/kg-day 4.0E-02 mg/kg-day 1.2E-05
Indeno(1,2,3-cd)pyrene 2.7E-03 mg/kg 2.0E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.4E-08 7.1E-08 mg/kg-day -- -- --
Pyrene 2.0E-02 mg/kg 1.5E-07 mg/kg-day -- -- -- 5.2E-07 mg/kg-day 3.0E-02 mg/kg-day 1.7E-05
Dibutyltin 3.7E-03 mg/kg 2.8E-08 mg/kg-day -- -- -- 9.9E-08 mg/kg-day 3.0E-04 mg/kg-day 3.3E-04
Tributyltin 3.2E-02 mg/kg 2.4E-07 mg/kg-day -- -- -- 8.5E-07 mg/kg-day 3.0E-04 mg/kg-day 2.8E-03
Total PCB Congeners 1.7E-01 mg/kg 1.3E-06 mg/kg-day 2.0E+00 (mg/kg-day)-1 2.6E-06 4.6E-06 mg/kg-day 2.0E-05 mg/kg-day 2.3E-01
Total TEQ – PCB DLC 5.6E-06 mg/kg 4.3E-11 mg/kg-day 1.3E+05 (mg/kg-day)-1 5.5E-06 1.5E-10 mg/kg-day 7.0E-10 mg/kg-day 2.1E-01
Total TEQ – TCDD DLC 7.8E-07 mg/kg 5.9E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 7.7E-07 2.1E-11 mg/kg-day 7.0E-10 mg/kg-day 3.0E-02

Exp. Route Total 3.1E-04 9.4E-01
Exposure Point Total 3.1E-04 9.4E-01

Exposure Medium Total 3.1E-04 9.4E-01
Medium Total 3.1E-04 9.4E-01

Total of Receptor Risks across All Media 3.3E-04 Total of Receptor Hazards across All Media 1.3E+00
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TABLE A-10A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Oil Reclamation Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Notes:

Acronyms/Abbreviations:
-- = not available or not applicable (mg/kg-day)-1 = 1/(milligram[s] per kilogram per day)
CSF = cancer slope factor mg/kg = milligram(s) per kilogram
DDD = dichlorodiphenyldichloroethane mg/kg-day = milligram(s) per kilogram per day
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl
DDT = dichlorodiphenyltrichloroethane RfC = reference concentration
EPC = exposure point concentration RfD = reference dose
Exp. = exposure RME = reasonable maximum exposure
M = lifetime exposure from birth, mutagenic endpoint TCDD = tetrachlorodibenzo-p-dioxin

a Macoma ingestion risks are evaluated for the adult receptor only.
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TABLE A-10B

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Aluminum -- -- -- -- 6.8E-02 -- 2.0E-03 7.0E-02

Antimony -- -- -- -- 6.6E-03 -- 1.3E-03 7.8E-03
Arsenic 7.7E-06 -- 1.2E-06 9.0E-06 2.4E-02 -- 3.5E-03 2.8E-02
Barium -- -- -- -- 2.1E-03 -- 8.7E-04 3.0E-03
Cadmium 6.2E-07 -- 8.0E-08 7.0E-07 3.7E-04 -- 4.3E-05 4.1E-04
Chromium -- -- -- -- 2.7E-04 -- 6.1E-04 8.8E-04
Cobalt -- -- -- -- 6.6E-02 -- 1.9E-03 6.8E-02
Copper -- -- -- -- 2.0E-03 -- 5.8E-05 2.1E-03
Iron -- -- -- -- 6.4E-02 -- 1.9E-03 6.6E-02
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 3.9E-03 -- 1.1E-04 4.0E-03
Mercury -- -- -- -- 4.9E-03 -- 1.4E-04 5.1E-03
Molybdenum -- -- -- -- 3.1E-04 -- 9.0E-06 3.2E-04
Nickel -- -- -- -- 6.4E-03 -- 4.7E-03 1.1E-02
Selenium -- -- -- -- 7.2E-05 -- 2.1E-06 7.4E-05
Silver -- -- -- -- 8.1E-05 -- 5.9E-05 1.4E-04
Vanadium -- -- -- -- 3.1E-02 -- 3.5E-02 6.6E-02
Zinc -- -- -- -- 5.1E-04 -- 1.5E-05 5.3E-04
4,4'-DDD 6.8E-11 -- 1.1E-11 7.9E-11 5.1E-06 -- 7.3E-07 5.8E-06
4,4'-DDE 4.8E-11 -- 7.6E-12 5.5E-11 2.5E-06 -- 3.6E-07 2.8E-06
4,4'-DDT 2.4E-11 -- 3.8E-12 2.8E-11 1.3E-06 -- 1.8E-07 1.4E-06
alpha-Chlordane 1.4E-11 -- 2.2E-12 1.6E-11 6.9E-07 -- 1.0E-07 7.9E-07
Dieldrin 7.5E-10 -- 2.4E-10 9.9E-10 8.4E-06 -- 2.4E-06 1.1E-05
gamma-Chlordane 1.4E-11 -- 2.3E-12 1.6E-11 7.2E-07 -- 1.0E-07 8.3E-07
2-Methylnaphthalene -- -- -- -- 2.1E-06 -- 8.9E-07 2.9E-06
Acenaphthene -- -- -- -- 9.1E-08 -- 4.0E-08 1.3E-07
Acenaphthylene -- -- -- -- 1.4E-07 -- 6.2E-08 2.1E-07
Anthracene -- -- -- -- 1.3E-07 -- 5.8E-08 1.9E-07
Fluorene -- -- -- -- 2.1E-07 -- 9.2E-08 3.0E-07
Naphthalene -- -- -- -- 7.2E-07 -- 3.1E-07 1.0E-06
Phenanthrene -- -- -- -- 3.3E-07 -- 1.4E-07 4.7E-07
Benzo(a)anthracene 7.0E-08 -- 3.2E-08 1.0E-07 -- -- -- --
Benzo(a)pyrene 6.9E-07 -- 3.2E-07 1.0E-06 -- -- -- --
Benzo(b)fluoranthene 7.8E-08 -- 3.6E-08 1.1E-07 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 5.7E-06 -- 2.5E-06 8.2E-06
Benzo(k)fluoranthene 8.2E-08 -- 3.7E-08 1.2E-07 -- -- -- --
Chrysene 1.1E-08 -- 5.2E-09 1.7E-08 -- -- -- --
Dibenz(a,h)anthracene 7.4E-08 -- 3.4E-08 1.1E-07 -- -- -- --
Fluoranthene -- -- -- -- 5.7E-06 -- 2.5E-06 8.1E-06
Indeno(1,2,3-cd)pyrene 9.5E-08 -- 4.3E-08 1.4E-07 -- -- -- --
Pyrene -- -- -- -- 9.5E-06 -- 4.1E-06 1.4E-05
Monobutyltin -- -- -- -- 8.5E-06 -- 2.5E-06 1.1E-05
Dibutyltin -- -- -- -- 5.1E-05 -- 1.5E-05 6.6E-05
Tributyltin -- -- -- -- 1.3E-04 -- 3.7E-05 1.7E-04
Total PCB Congeners 7.2E-08 -- 3.5E-08 1.1E-07 1.6E-02 -- 7.0E-03 2.3E-02
Total TEQ – PCB DLC 1.2E-07 -- 1.1E-08 1.3E-07 1.2E-02 -- 1.0E-03 1.3E-02
Chemical Total 9.6E-06 -- 1.9E-06 1.2E-05 3.1E-01 -- 6.0E-02 3.7E-01

Exposure Point Total 1.2E-05 3.7E-01
Exposure Medium Total 1.2E-05 3.7E-01

Medium Total 1.2E-05 3.7E-01

Summary of Receptor Risks and Hazards - Adult and Child Recreational User, Oil Reclamation Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-10B

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total

Summary of Receptor Risks and Hazards - Adult and Child Recreational User, Oil Reclamation Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Macoma Macoma Macoma Aluminum -- -- -- -- 1.2E-02 -- -- 1.2E-02
(ingestion) Antimony -- -- -- -- 2.9E-03 -- -- 2.9E-03

Arsenic 2.8E-04 -- -- 2.8E-04 3.5E-01 -- -- 3.5E-01
Barium -- -- -- -- 4.9E-04 -- -- 4.9E-04
Cadmium 2.3E-05 -- -- 2.3E-05 5.3E-03 -- -- 5.3E-03
Chromium -- -- -- -- 8.3E-05 -- -- 8.3E-05
Cobalt -- -- -- -- 4.0E-02 -- -- 4.0E-02
Copper -- -- -- -- 2.4E-03 -- -- 2.4E-03
Iron -- -- -- -- 2.3E-02 -- -- 2.3E-02
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 1.5E-03 -- -- 1.5E-03
Mercury -- -- -- -- 6.5E-03 -- -- 6.5E-03
Molybdenum -- -- -- -- 2.7E-03 -- -- 2.7E-03
Nickel -- -- -- -- 2.6E-03 -- -- 2.6E-03
Selenium -- -- -- -- 4.6E-03 -- -- 4.6E-03
Silver -- -- -- -- 2.0E-04 -- -- 2.0E-04
Vanadium -- -- -- -- 1.1E-02 -- -- 1.1E-02
Zinc -- -- -- -- 1.7E-03 -- -- 1.7E-03
4,4'-DDD 2.1E-09 -- -- 2.1E-09 6.2E-05 -- -- 6.2E-05
4,4'-DDE 5.7E-09 -- -- 5.7E-09 1.2E-04 -- -- 1.2E-04
4,4'-DDT 1.8E-10 -- -- 1.8E-10 3.7E-06 -- -- 3.7E-06
alpha-Chlordane 7.4E-10 -- -- 7.4E-10 1.5E-05 -- -- 1.5E-05
Dieldrin 3.2E-08 -- -- 3.2E-08 1.4E-04 -- -- 1.4E-04
gamma-Chlordane 8.9E-10 -- -- 8.9E-10 1.8E-05 -- -- 1.8E-05
Acenaphthene -- -- -- -- 7.7E-08 -- -- 7.7E-08
Acenaphthylene -- -- -- -- 1.9E-07 -- -- 1.9E-07
Anthracene -- -- -- -- 1.2E-07 -- -- 1.2E-07
Fluorene -- -- -- -- 1.7E-07 -- -- 1.7E-07
Phenanthrene -- -- -- -- 2.3E-07 -- -- 2.3E-07
Benzo(a)anthracene 4.4E-08 -- -- 4.4E-08 -- -- -- --
Benzo(a)pyrene 3.6E-07 -- -- 3.6E-07 -- -- -- --
Benzo(b)fluoranthene 6.2E-08 -- -- 6.2E-08 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 4.0E-06 -- -- 4.0E-06
Benzo(k)fluoranthene 7.5E-08 -- -- 7.5E-08 -- -- -- --
Chrysene 8.3E-09 -- -- 8.3E-09 -- -- -- --
Dibenz(a,h)anthracene 1.5E-08 -- -- 1.5E-08 -- -- -- --
Fluoranthene -- -- -- -- 1.2E-05 -- -- 1.2E-05
Indeno(1,2,3-cd)pyrene 2.4E-08 -- -- 2.4E-08 -- -- -- --
Pyrene -- -- -- -- 1.7E-05 -- -- 1.7E-05
Dibutyltin -- -- -- -- 3.3E-04 -- -- 3.3E-04
Tributyltin -- -- -- -- 2.8E-03 -- -- 2.8E-03
Total PCB Congeners 2.6E-06 -- -- 2.6E-06 2.3E-01 -- -- 2.3E-01
Total TEQ – PCB DLC 5.5E-06 -- -- 5.5E-06 2.1E-01 -- -- 2.1E-01
Chemical Total 3.1E-04 -- -- 3.1E-04 9.1E-01 -- -- 9.1E-01

Exposure Point Total 3.1E-04 9.1E-01
Exposure Medium Total 3.1E-04 9.1E-01

Medium Total 3.1E-04 9.1E-01
Receptor Total Total Risk across All Media 3.2E-04 Total Hazard across All Media 1.3E+00
Acronyms/Abbreviations:

-- = not available or not applicable DDT = dichlorodiphenyltrichloroethane
DDD = dichlorodiphenyldichloroethane PCB = polychlorinated biphenyl
DDE = dichlorodiphenyldichloroethylene TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-10C

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment BAP (EQ)* 9.4E-07 -- 4.7E-07 1.4E-06 -- -- -- --

(Oral/Dermal) Arsenic 7.7E-06 -- 1.2E-06 9.0E-06 2.4E-02 -- 3.5E-03 2.8E-02

Chemical Total 8.7E-06 -- 1.7E-06 1.0E-05 2.4E-02 -- 3.5E-03 2.8E-02
Exposure Point Total 1.0E-05 2.8E-02

Exposure Medium Total 1.0E-05 2.8E-02
Medium Total 1.0E-05 2.8E-02

Macoma Macoma Macoma Arsenic 2.8E-04 -- -- 2.8E-04 3.5E-01 -- -- 3.5E-01
(Oral) Cadmium 2.3E-05 -- -- 2.3E-05 5.3E-03 -- -- 5.3E-03

Total PCB Congeners 2.6E-06 -- -- 2.6E-06 2.3E-01 -- -- 2.3E-01
Total TEQ – PCB DLC 5.5E-06 -- -- 5.5E-06 2.1E-01 -- -- 2.1E-01
Total TEQ – TCDD DLC 7.7E-07 -- -- 7.7E-07 3.0E-02 -- -- 3.0E-02

Chemical Total 3.1E-04 -- -- 3.1E-04 8.2E-01 -- -- 8.2E-01
Exposure Point Total 3.1E-04 8.2E-01

Exposure Medium Total 3.1E-04 8.2E-01
Medium Total 3.1E-04 8.2E-01
Receptor Total Total Risk across All Media 3.2E-04 Total Hazard across All Media 8.5E-01

Notes:
*

Acronyms/Abbreviations:
-- = not available or not applicable PAH = polycyclic aromatic hydrocarbon 
BAP (EQ) = benzo(a)pyrene equivalent PCB = polychlorinated biphenyl

Risk for benzo(a)pyrene equivalent (BAP [EQ]) is calculated by summing the risks for each of the individual potentially carcinogenic PAHs: benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, 
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene.

Summary of Risk Drivers - Adult and Child Recreational User, Oil Reclamation Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-11A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Sediment Sediment Sediment Ingestion Aluminum 7.2E+04 mg/kg 2.9E-03 mg/kg-day -- -- -- 2.0E-01 mg/kg-day 1.0E+00 mg/kg-day 2.0E-01
Antimony 2.8E+00 mg/kg 1.1E-07 mg/kg-day -- -- -- 7.8E-06 mg/kg-day 4.0E-04 mg/kg-day 2.0E-02
Arsenic 1.3E+01 mg/kg 3.1E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 2.9E-06 2.1E-05 mg/kg-day 3.0E-04 mg/kg-day 7.2E-02
Barium 4.4E+02 mg/kg 1.8E-05 mg/kg-day -- -- -- 1.2E-03 mg/kg-day 2.0E-01 mg/kg-day 6.2E-03
Cadmium 3.9E-01 mg/kg 1.6E-08 mg/kg-day 1.5E+01 (mg/kg-day)-1 2.3E-07 1.1E-06 mg/kg-day 1.0E-03 mg/kg-day 1.1E-03
Chromium 4.3E+02 mg/kg 1.7E-05 mg/kg-day -- -- -- 1.2E-03 mg/kg-day 1.5E+00 mg/kg-day 8.1E-04
Cobalt 2.1E+01 mg/kg 8.4E-07 mg/kg-day -- -- -- 5.9E-05 mg/kg-day 3.0E-04 mg/kg-day 2.0E-01
Copper 8.4E+01 mg/kg 3.4E-06 mg/kg-day -- -- -- 2.4E-04 mg/kg-day 4.0E-02 mg/kg-day 6.0E-03
Iron 4.7E+04 mg/kg 1.9E-03 mg/kg-day -- -- -- 1.3E-01 mg/kg-day 7.0E-01 mg/kg-day 1.9E-01
Lead 5.4E+01 mg/kg 2.2E-06 mg/kg-day -- -- -- 1.5E-04 mg/kg-day -- -- --
Manganese 5.7E+02 mg/kg 2.3E-05 mg/kg-day -- -- -- 1.6E-03 mg/kg-day 1.4E-01 mg/kg-day 1.2E-02
Mercury 5.2E-01 mg/kg 2.1E-08 mg/kg-day -- -- -- 1.5E-06 mg/kg-day 1.0E-04 mg/kg-day 1.5E-02
Molybdenum 1.6E+00 mg/kg 6.6E-08 mg/kg-day -- -- -- 4.6E-06 mg/kg-day 5.0E-03 mg/kg-day 9.2E-04
Nickel 1.4E+02 mg/kg 5.5E-06 mg/kg-day -- -- -- 3.8E-04 mg/kg-day 2.0E-02 mg/kg-day 1.9E-02
Selenium 3.8E-01 mg/kg 1.5E-08 mg/kg-day -- -- -- 1.1E-06 mg/kg-day 5.0E-03 mg/kg-day 2.1E-04
Silver 4.3E-01 mg/kg 1.7E-08 mg/kg-day -- -- -- 1.2E-06 mg/kg-day 5.0E-03 mg/kg-day 2.4E-04
Vanadium 1.6E+02 mg/kg 6.6E-06 mg/kg-day -- -- -- 4.6E-04 mg/kg-day 5.0E-03 mg/kg-day 9.2E-02
Zinc 1.6E+02 mg/kg 6.5E-06 mg/kg-day -- -- -- 4.6E-04 mg/kg-day 3.0E-01 mg/kg-day 1.5E-03
4,4'-DDD 2.7E-03 mg/kg 1.1E-10 mg/kg-day 2.4E-01 (mg/kg-day)-1 2.6E-11 7.5E-09 mg/kg-day 5.0E-04 mg/kg-day 1.5E-05
4,4'-DDE 1.3E-03 mg/kg 5.3E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.8E-11 3.7E-09 mg/kg-day 5.0E-04 mg/kg-day 7.4E-06
4,4'-DDT 6.6E-04 mg/kg 2.7E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 9.0E-12 1.9E-09 mg/kg-day 5.0E-04 mg/kg-day 3.7E-06
alpha-Chlordane 3.6E-04 mg/kg 1.5E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 5.1E-12 1.0E-09 mg/kg-day 5.0E-04 mg/kg-day 2.0E-06
Dieldrin 4.4E-04 mg/kg 1.8E-11 mg/kg-day 1.6E+01 (mg/kg-day)-1 2.8E-10 1.2E-09 mg/kg-day 5.0E-05 mg/kg-day 2.5E-05
gamma-Chlordane 3.8E-04 mg/kg 1.5E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 5.4E-12 1.1E-09 mg/kg-day 5.0E-04 mg/kg-day 2.1E-06
2-Methylnaphthalene 8.7E-03 mg/kg 3.5E-10 mg/kg-day -- -- -- 2.4E-08 mg/kg-day 4.0E-03 mg/kg-day 6.1E-06
Acenaphthene 5.8E-03 mg/kg 2.3E-10 mg/kg-day -- -- -- 1.6E-08 mg/kg-day 6.0E-02 mg/kg-day 2.7E-07
Acenaphthylene 9.1E-03 mg/kg 3.7E-10 mg/kg-day -- -- -- 2.6E-08 mg/kg-day 6.0E-02 mg/kg-day 4.3E-07
Anthracene 4.2E-02 mg/kg 1.7E-09 mg/kg-day -- -- -- 1.2E-07 mg/kg-day 3.0E-01 mg/kg-day 4.0E-07
Fluorene 8.9E-03 mg/kg 3.6E-10 mg/kg-day -- -- -- 2.5E-08 mg/kg-day 4.0E-02 mg/kg-day 6.3E-07
Naphthalene 1.5E-02 mg/kg 6.1E-10 mg/kg-day -- -- -- 4.3E-08 mg/kg-day 2.0E-02 mg/kg-day 2.1E-06
Phenanthrene 1.0E-01 mg/kg 4.2E-09 mg/kg-day -- -- -- 2.9E-07 mg/kg-day 3.0E-01 mg/kg-day 9.7E-07
Benzo(a)anthracene 1.2E-01 mg/kg 4.8E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 5.8E-09 3.4E-07 mg/kg-day -- -- --
Benzo(a)pyrene 2.0E-01 mg/kg 7.9E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 5.8E-08 5.5E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene 1.3E-01 mg/kg 5.4E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 6.5E-09 3.8E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.8E-01 mg/kg 7.3E-09 mg/kg-day -- -- -- 5.1E-07 mg/kg-day 3.0E-02 mg/kg-day 1.7E-05
Benzo(k)fluoranthene 1.4E-01 mg/kg 5.7E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 6.8E-09 4.0E-07 mg/kg-day -- -- --
Chrysene 2.0E-01 mg/kg 7.9E-09 mg/kg-day 1.2E-01 (mg/kg-day)-1 9.4E-10 5.5E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene 2.1E-02 mg/kg 8.5E-10 mg/kg-day 7.3E+00 (mg/kg-day)-1 6.2E-09 5.9E-08 mg/kg-day -- -- --
Fluoranthene 2.4E-01 mg/kg 9.6E-09 mg/kg-day -- -- -- 6.8E-07 mg/kg-day 4.0E-02 mg/kg-day 1.7E-05
Indeno(1,2,3-cd)pyrene 1.6E-01 mg/kg 6.6E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 7.9E-09 4.6E-07 mg/kg-day -- -- --
Pyrene 3.0E-01 mg/kg 1.2E-08 mg/kg-day -- -- -- 8.4E-07 mg/kg-day 3.0E-02 mg/kg-day 2.8E-05
Monobutyltin 2.7E-03 mg/kg 1.1E-10 mg/kg-day -- -- -- 7.6E-09 mg/kg-day 3.0E-04 mg/kg-day 2.5E-05
Dibutyltin 1.6E-02 mg/kg 6.5E-10 mg/kg-day -- -- -- 4.5E-08 mg/kg-day 3.0E-04 mg/kg-day 1.5E-04
Tributyltin 4.1E-02 mg/kg 1.6E-09 mg/kg-day -- -- -- 1.1E-07 mg/kg-day 3.0E-04 mg/kg-day 3.8E-04
Total PCB Congeners 3.4E-01 mg/kg 1.4E-08 mg/kg-day 2.0E+00 (mg/kg-day)-1 2.7E-08 9.6E-07 mg/kg-day 2.0E-05 mg/kg-day 4.8E-02
Total TEQ – PCB DLC 8.5E-06 mg/kg 3.4E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 4.5E-08 2.4E-11 mg/kg-day 7.0E-10 mg/kg-day 3.4E-02

Exp. Route Total 3.3E-06 9.2E-01

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, Oil Reclamation Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
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TABLE A-11A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, Oil Reclamation Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Sediment Sediment Sediment Dermal Aluminum 7.2E+04 mg/kg 4.2E-04 mg/kg-day -- -- -- 3.0E-02 mg/kg-day 1.0E+00 mg/kg-day 3.0E-02

Antimony 2.8E+00 mg/kg 1.6E-08 mg/kg-day -- -- -- 1.1E-06 mg/kg-day 6.0E-05 mg/kg-day 1.9E-02
Arsenic 1.3E+01 mg/kg 2.2E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 2.1E-06 1.6E-05 mg/kg-day 3.0E-04 mg/kg-day 5.2E-02
Barium 4.4E+02 mg/kg 2.6E-06 mg/kg-day -- -- -- 1.8E-04 mg/kg-day 1.4E-02 mg/kg-day 1.3E-02
Cadmium 3.9E-01 mg/kg 2.3E-10 mg/kg-day 6.0E+02 (mg/kg-day)-1 1.4E-07 1.6E-08 mg/kg-day 2.5E-05 mg/kg-day 6.4E-04
Chromium 4.3E+02 mg/kg 2.5E-06 mg/kg-day -- -- -- 1.8E-04 mg/kg-day 2.0E-02 mg/kg-day 9.1E-03
Cobalt 2.1E+01 mg/kg 1.2E-07 mg/kg-day -- -- -- 8.6E-06 mg/kg-day 3.0E-04 mg/kg-day 2.9E-02
Copper 8.4E+01 mg/kg 5.0E-07 mg/kg-day -- -- -- 3.5E-05 mg/kg-day 4.0E-02 mg/kg-day 8.7E-04
Iron 4.7E+04 mg/kg 2.8E-04 mg/kg-day -- -- -- 2.0E-02 mg/kg-day 7.0E-01 mg/kg-day 2.8E-02
Lead 5.4E+01 mg/kg 3.2E-07 mg/kg-day -- -- -- 2.3E-05 mg/kg-day -- -- --
Manganese 5.7E+02 mg/kg 3.4E-06 mg/kg-day -- -- -- 2.4E-04 mg/kg-day 1.4E-01 mg/kg-day 1.7E-03
Mercury 5.2E-01 mg/kg 3.1E-09 mg/kg-day -- -- -- 2.1E-07 mg/kg-day 1.0E-04 mg/kg-day 2.1E-03
Molybdenum 1.6E+00 mg/kg 9.6E-09 mg/kg-day -- -- -- 6.7E-07 mg/kg-day 5.0E-03 mg/kg-day 1.3E-04
Nickel 1.4E+02 mg/kg 8.0E-07 mg/kg-day -- -- -- 5.6E-05 mg/kg-day 8.0E-04 mg/kg-day 7.0E-02
Selenium 3.8E-01 mg/kg 2.2E-09 mg/kg-day -- -- -- 1.6E-07 mg/kg-day 5.0E-03 mg/kg-day 3.1E-05
Silver 4.3E-01 mg/kg 2.5E-09 mg/kg-day -- -- -- 1.8E-07 mg/kg-day 2.0E-04 mg/kg-day 8.8E-04
Vanadium 1.6E+02 mg/kg 9.6E-07 mg/kg-day -- -- -- 6.7E-05 mg/kg-day 1.3E-04 mg/kg-day 5.2E-01
Zinc 1.6E+02 mg/kg 9.6E-07 mg/kg-day -- -- -- 6.7E-05 mg/kg-day 3.0E-01 mg/kg-day 2.2E-04
4,4'-DDD 2.7E-03 mg/kg 7.8E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 1.9E-11 5.5E-09 mg/kg-day 5.0E-04 mg/kg-day 1.1E-05
4,4'-DDE 1.3E-03 mg/kg 3.9E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.3E-11 2.7E-09 mg/kg-day 5.0E-04 mg/kg-day 5.4E-06
4,4'-DDT 6.6E-04 mg/kg 1.9E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 6.6E-12 1.4E-09 mg/kg-day 5.0E-04 mg/kg-day 2.7E-06
alpha-Chlordane 3.6E-04 mg/kg 1.1E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.7E-12 7.5E-10 mg/kg-day 5.0E-04 mg/kg-day 1.5E-06
Dieldrin 4.4E-04 mg/kg 2.6E-11 mg/kg-day 1.6E+01 (mg/kg-day)-1 4.2E-10 1.8E-09 mg/kg-day 5.0E-05 mg/kg-day 3.6E-05
gamma-Chlordane 3.8E-04 mg/kg 1.1E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.9E-12 7.8E-10 mg/kg-day 5.0E-04 mg/kg-day 1.6E-06
2-Methylnaphthalene 8.7E-03 mg/kg 7.7E-10 mg/kg-day -- -- -- 5.4E-08 mg/kg-day 4.0E-03 mg/kg-day 1.3E-05
Acenaphthene 5.8E-03 mg/kg 5.1E-10 mg/kg-day -- -- -- 3.6E-08 mg/kg-day 6.0E-02 mg/kg-day 5.9E-07
Acenaphthylene 9.1E-03 mg/kg 8.0E-10 mg/kg-day -- -- -- 5.6E-08 mg/kg-day 6.0E-02 mg/kg-day 9.4E-07
Anthracene 4.2E-02 mg/kg 3.8E-09 mg/kg-day -- -- -- 2.6E-07 mg/kg-day 3.0E-01 mg/kg-day 8.8E-07
Fluorene 8.9E-03 mg/kg 7.9E-10 mg/kg-day -- -- -- 5.5E-08 mg/kg-day 4.0E-02 mg/kg-day 1.4E-06
Naphthalene 1.5E-02 mg/kg 1.3E-09 mg/kg-day -- -- -- 9.4E-08 mg/kg-day 2.0E-02 mg/kg-day 4.7E-06
Phenanthrene 1.0E-01 mg/kg 9.1E-09 mg/kg-day -- -- -- 6.4E-07 mg/kg-day 3.0E-01 mg/kg-day 2.1E-06
Benzo(a)anthracene 1.2E-01 mg/kg 1.1E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.3E-08 7.4E-07 mg/kg-day -- -- --
Benzo(a)pyrene 2.0E-01 mg/kg 1.7E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.3E-07 1.2E-06 mg/kg-day -- -- --
Benzo(b)fluoranthene 1.3E-01 mg/kg 1.2E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.4E-08 8.3E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.8E-01 mg/kg 1.6E-08 mg/kg-day -- -- -- 1.1E-06 mg/kg-day 3.0E-02 mg/kg-day 3.7E-05
Benzo(k)fluoranthene 1.4E-01 mg/kg 1.2E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.5E-08 8.7E-07 mg/kg-day -- -- --
Chrysene 2.0E-01 mg/kg 1.7E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 2.1E-09 1.2E-06 mg/kg-day -- -- --
Dibenz(a,h)anthracene 2.1E-02 mg/kg 1.9E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.4E-08 1.3E-07 mg/kg-day -- -- --
Fluoranthene 2.4E-01 mg/kg 2.1E-08 mg/kg-day -- -- -- 1.5E-06 mg/kg-day 4.0E-02 mg/kg-day 3.7E-05
Indeno(1,2,3-cd)pyrene 1.6E-01 mg/kg 1.4E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.7E-08 1.0E-06 mg/kg-day -- -- --
Pyrene 3.0E-01 mg/kg 2.6E-08 mg/kg-day -- -- -- 1.9E-06 mg/kg-day 3.0E-02 mg/kg-day 6.2E-05
Monobutyltin 2.7E-03 mg/kg 1.6E-10 mg/kg-day -- -- -- 1.1E-08 mg/kg-day 3.0E-04 mg/kg-day 3.7E-05
Dibutyltin 1.6E-02 mg/kg 9.5E-10 mg/kg-day -- -- -- 6.7E-08 mg/kg-day 3.0E-04 mg/kg-day 2.2E-04
Tributyltin 4.1E-02 mg/kg 2.4E-09 mg/kg-day -- -- -- 1.7E-07 mg/kg-day 3.0E-04 mg/kg-day 5.6E-04
Total PCB Congeners 3.4E-01 mg/kg 3.0E-08 mg/kg-day 2.0E+00 (mg/kg-day)-1 6.0E-08 2.1E-06 mg/kg-day 2.0E-05 mg/kg-day 1.1E-01
Total TEQ – PCB DLC 8.5E-06 mg/kg 1.5E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 2.0E-08 1.1E-11 mg/kg-day 7.0E-10 mg/kg-day 1.5E-02

Exp. Route Total 2.6E-06 9.0E-01
Exposure Point Total 5.9E-06 1.8E+00

Exposure Medium Total 5.9E-06 1.8E+00
Medium Total 5.9E-06 1.8E+00

Total of Receptor Risks across All Media 5.9E-06 Total of Receptor Hazards across All Media 1.8E+00

KCH-2622-0005-0138 Page 2 of 3

I I 

I I I II 
I I I I 

II 



TABLE A-11A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, Oil Reclamation Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Acronyms/Abbreviations:
-- = not available or not applicable (mg/kg-day)- 1/(milligram[s] per kilogram per day)
CSF = cancer slope factor mg/kg = milligram(s) per kilogram
DDD = dichlorodiphenyldichloroethane mg/kg-day = milligram(s) per kilogram per day
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl
DDT = dichlorodiphenyltrichloroethane RfC = reference concentration
EPC = exposure point concentration RfD = reference dose
Exp. = exposure RME = reasonable maximum exposure
M = lifetime exposure from birth, mutagenic endpoint TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-11B

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Aluminum -- -- -- -- 2.0E-01 -- 3.0E-02 2.3E-01

Antimony -- -- -- -- 2.0E-02 -- 1.9E-02 3.9E-02
Arsenic 2.9E-06 -- 2.1E-06 5.1E-06 7.2E-02 -- 5.2E-02 1.2E-01
Barium -- -- -- -- 6.2E-03 -- 1.3E-02 1.9E-02
Cadmium 2.3E-07 -- 1.4E-07 3.7E-07 1.1E-03 -- 6.4E-04 1.7E-03
Chromium -- -- -- -- 8.1E-04 -- 9.1E-03 9.9E-03
Cobalt -- -- -- -- 2.0E-01 -- 2.9E-02 2.2E-01
Copper -- -- -- -- 6.0E-03 -- 8.7E-04 6.8E-03
Iron -- -- -- -- 1.9E-01 -- 2.8E-02 2.2E-01
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 1.2E-02 -- 1.7E-03 1.3E-02
Mercury -- -- -- -- 1.5E-02 -- 2.1E-03 1.7E-02
Molybdenum -- -- -- -- 9.2E-04 -- 1.3E-04 1.1E-03
Nickel -- -- -- -- 1.9E-02 -- 7.0E-02 8.9E-02
Selenium -- -- -- -- 2.1E-04 -- 3.1E-05 2.4E-04
Silver -- -- -- -- 2.4E-04 -- 8.8E-04 1.1E-03
Vanadium -- -- -- -- 9.2E-02 -- 5.2E-01 6.1E-01
Zinc -- -- -- -- 1.5E-03 -- 2.2E-04 1.7E-03
4,4'-DDD 2.6E-11 -- 1.9E-11 4.5E-11 1.5E-05 -- 1.1E-05 2.6E-05
4,4'-DDE 1.8E-11 -- 1.3E-11 3.1E-11 7.4E-06 -- 5.4E-06 1.3E-05
4,4'-DDT 9.0E-12 -- 6.6E-12 1.6E-11 3.7E-06 -- 2.7E-06 6.4E-06
alpha-Chlordane 5.1E-12 -- 3.7E-12 8.8E-12 2.0E-06 -- 1.5E-06 3.5E-06
Dieldrin 2.8E-10 -- 4.2E-10 7.0E-10 2.5E-05 -- 3.6E-05 6.1E-05
gamma-Chlordane 5.4E-12 -- 3.9E-12 9.3E-12 2.1E-06 -- 1.6E-06 3.7E-06
2-Methylnaphthalene -- -- -- -- 6.1E-06 -- 1.3E-05 2.0E-05
Acenaphthene -- -- -- -- 2.7E-07 -- 5.9E-07 8.7E-07
Acenaphthylene -- -- -- -- 4.3E-07 -- 9.4E-07 1.4E-06
Anthracene -- -- -- -- 4.0E-07 -- 8.8E-07 1.3E-06
Fluorene -- -- -- -- 6.3E-07 -- 1.4E-06 2.0E-06
Naphthalene -- -- -- -- 2.1E-06 -- 4.7E-06 6.9E-06
Phenanthrene -- -- -- -- 9.7E-07 -- 2.1E-06 3.1E-06
Benzo(a)anthracene 5.8E-09 -- 1.3E-08 1.9E-08 -- -- -- --
Benzo(a)pyrene 5.8E-08 -- 1.3E-07 1.8E-07 -- -- -- --
Benzo(b)fluoranthene 6.5E-09 -- 1.4E-08 2.1E-08 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 1.7E-05 -- 3.7E-05 5.4E-05
Benzo(k)fluoranthene 6.8E-09 -- 1.5E-08 2.2E-08 -- -- -- --
Chrysene 9.4E-10 -- 2.1E-09 3.0E-09 -- -- -- --
Dibenz(a,h)anthracene 6.2E-09 -- 1.4E-08 2.0E-08 -- -- -- --
Fluoranthene -- -- -- -- 1.7E-05 -- 3.7E-05 5.4E-05
Indeno(1,2,3-cd)pyrene 7.9E-09 -- 1.7E-08 2.5E-08 -- -- -- --
Pyrene -- -- -- -- 2.8E-05 -- 6.2E-05 9.0E-05
Monobutyltin -- -- -- -- 2.5E-05 -- 3.7E-05 6.2E-05
Dibutyltin -- -- -- -- 1.5E-04 -- 2.2E-04 3.7E-04
Tributyltin -- -- -- -- 3.8E-04 -- 5.6E-04 9.4E-04
Total PCB Congeners 2.7E-08 -- 6.0E-08 8.7E-08 4.8E-02 -- 1.1E-01 1.5E-01

Chemical Total 3.3E-06 -- 2.5E-06 5.8E-06 8.8E-01 -- 8.8E-01 1.8E+00
Exposure Point Total 5.8E-06 1.8E+00

Exposure Medium Total 5.8E-06 1.8E+00
Medium Total 5.8E-06 1.8E+00
Receptor Total Total Risk across All Media 5.8E-06 Total Hazard across All Media 1.8E+00
Acronyms/Abbreviations:

-- = not available or not applicable DDT = dichlorodiphenyltrichloroethane
DDD = dichlorodiphenyldichloroethane PCB = polychlorinated biphenyl
DDE = dichlorodiphenyldichloroethylene TCDD = tetrachlorodibenzo-p-dioxin

Summary of Receptor Risks and Hazards - Construction Worker, Oil Reclamation Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-11C

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Arsenic 2.9E-06 -- 2.1E-06 5.1E-06 7.2E-02 -- 5.2E-02 1.2E-01

Chemical Total -- -- -- 5.1E-06 -- -- -- 1.2E-01
Exposure Point Total 5.1E-06 1.2E-01

Exposure Medium Total 5.1E-06 1.2E-01
Medium Total 5.1E-06 1.2E-01
Receptor Total Total Risk across All Media 5.1E-06 Total Hazard across All Media 1.2E-01
Acronyms/Abbreviations:

-- = not available or not applicable

Summary of Risk Drivers - Construction Worker, Oil Reclamation Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-12A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Sediment Sediment Sediment Ingestion Aluminum 6.8E+04 mg/kg 7.3E-03 mg/kg-day -- -- -- 6.5E-02 mg/kg-day 1.0E+00 mg/kg-day 6.5E-02
Antimony 5.4E+00 mg/kg 5.8E-07 mg/kg-day -- -- -- 5.2E-06 mg/kg-day 4.0E-04 mg/kg-day 1.3E-02
Arsenic 1.2E+01 mg/kg 8.0E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 7.6E-06 7.1E-06 mg/kg-day 3.0E-04 mg/kg-day 2.4E-02
Barium 4.8E+02 mg/kg 5.1E-05 mg/kg-day -- -- -- 4.5E-04 mg/kg-day 2.0E-01 mg/kg-day 2.3E-03
Cadmium 3.2E-01 mg/kg 3.5E-08 mg/kg-day 1.5E+01 (mg/kg-day)-1 5.2E-07 3.1E-07 mg/kg-day 1.0E-03 mg/kg-day 3.1E-04
Chromium 2.6E+02 mg/kg 2.7E-05 mg/kg-day -- -- -- 2.4E-04 mg/kg-day 1.5E+00 mg/kg-day 1.6E-04
Cobalt 1.8E+01 mg/kg 1.9E-06 mg/kg-day -- -- -- 1.7E-05 mg/kg-day 3.0E-04 mg/kg-day 5.7E-02
Copper 4.2E+02 mg/kg 4.5E-05 mg/kg-day -- -- -- 4.0E-04 mg/kg-day 4.0E-02 mg/kg-day 1.0E-02
Iron 4.2E+04 mg/kg 4.5E-03 mg/kg-day -- -- -- 4.0E-02 mg/kg-day 7.0E-01 mg/kg-day 5.7E-02
Lead 1.0E+02 mg/kg 1.1E-05 mg/kg-day -- -- -- 9.8E-05 mg/kg-day -- -- --
Manganese 5.2E+02 mg/kg 5.5E-05 mg/kg-day -- -- -- 4.9E-04 mg/kg-day 1.4E-01 mg/kg-day 3.5E-03
Mercury 2.5E+00 mg/kg 2.7E-07 mg/kg-day -- -- -- 2.4E-06 mg/kg-day 1.0E-04 mg/kg-day 2.4E-02
Molybdenum 1.0E+00 mg/kg 1.1E-07 mg/kg-day -- -- -- 9.8E-07 mg/kg-day 5.0E-03 mg/kg-day 2.0E-04
Nickel 1.3E+02 mg/kg 1.4E-05 mg/kg-day -- -- -- 1.2E-04 mg/kg-day 2.0E-02 mg/kg-day 6.2E-03
Selenium 4.3E-01 mg/kg 4.6E-08 mg/kg-day -- -- -- 4.1E-07 mg/kg-day 5.0E-03 mg/kg-day 8.1E-05
Silver 3.0E-01 mg/kg 3.2E-08 mg/kg-day -- -- -- 2.8E-07 mg/kg-day 5.0E-03 mg/kg-day 5.6E-05
Vanadium 1.4E+02 mg/kg 1.5E-05 mg/kg-day -- -- -- 1.3E-04 mg/kg-day 5.0E-03 mg/kg-day 2.6E-02
Zinc 1.5E+02 mg/kg 1.6E-05 mg/kg-day -- -- -- 1.4E-04 mg/kg-day 3.0E-01 mg/kg-day 4.7E-04
2,4'-DDD 8.4E-04 mg/kg 9.0E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 2.2E-11 8.0E-10 mg/kg-day 5.0E-04 mg/kg-day 1.6E-06
4,4'-DDD 1.3E-03 mg/kg 1.4E-10 mg/kg-day 2.4E-01 (mg/kg-day)-1 3.3E-11 1.2E-09 mg/kg-day 5.0E-04 mg/kg-day 2.4E-06
4,4'-DDE 1.2E-03 mg/kg 1.3E-10 mg/kg-day 3.4E-01 (mg/kg-day)-1 4.4E-11 1.1E-09 mg/kg-day 5.0E-04 mg/kg-day 2.3E-06
4,4'-DDT 3.6E-04 mg/kg 3.8E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.3E-11 3.4E-10 mg/kg-day 5.0E-04 mg/kg-day 6.7E-07
alpha-Chlordane 1.5E-04 mg/kg 1.6E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 5.6E-12 1.4E-10 mg/kg-day 5.0E-04 mg/kg-day 2.8E-07
2-Methylnaphthalene 1.2E-02 mg/kg 1.3E-09 mg/kg-day -- -- -- 1.1E-08 mg/kg-day 4.0E-03 mg/kg-day 2.9E-06
Acenaphthene 4.5E-02 mg/kg 4.8E-09 mg/kg-day -- -- -- 4.3E-08 mg/kg-day 6.0E-02 mg/kg-day 7.2E-07
Acenaphthylene 3.1E-02 mg/kg 3.3E-09 mg/kg-day -- -- -- 3.0E-08 mg/kg-day 6.0E-02 mg/kg-day 4.9E-07
Anthracene 1.8E-01 mg/kg 1.9E-08 mg/kg-day -- -- -- 1.7E-07 mg/kg-day 3.0E-01 mg/kg-day 5.7E-07
Fluorene 4.0E-02 mg/kg 4.3E-09 mg/kg-day -- -- -- 3.8E-08 mg/kg-day 4.0E-02 mg/kg-day 9.5E-07
Naphthalene 2.5E-02 mg/kg 2.7E-09 mg/kg-day -- -- -- 2.4E-08 mg/kg-day 2.0E-02 mg/kg-day 1.2E-06
Phenanthrene 4.1E-01 mg/kg 4.4E-08 mg/kg-day -- -- -- 3.9E-07 mg/kg-day 3.0E-01 mg/kg-day 1.3E-06
Benzo(a)anthracene M 3.6E-01 mg/kg 1.8E-07 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.1E-07 3.5E-07 mg/kg-day -- -- --
Benzo(a)pyrene M 4.8E-01 mg/kg 2.3E-07 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.7E-06 4.6E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene M 3.3E-01 mg/kg 1.6E-07 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.9E-07 3.1E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 3.6E-01 mg/kg 3.8E-08 mg/kg-day -- -- -- 3.4E-07 mg/kg-day 3.0E-02 mg/kg-day 1.1E-05
Benzo(k)fluoranthene M 3.3E-01 mg/kg 1.6E-07 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.9E-07 3.1E-07 mg/kg-day -- -- --
Chrysene M 4.2E-01 mg/kg 2.1E-07 mg/kg-day 1.2E-01 (mg/kg-day)-1 2.5E-08 4.0E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene M 5.7E-02 mg/kg 2.8E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 2.0E-07 5.4E-08 mg/kg-day -- -- --
Fluoranthene 7.5E-01 mg/kg 8.0E-08 mg/kg-day -- -- -- 7.1E-07 mg/kg-day 4.0E-02 mg/kg-day 1.8E-05
Indeno(1,2,3-cd)pyrene M 3.5E-01 mg/kg 1.7E-07 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.0E-07 3.3E-07 mg/kg-day -- -- --
Pyrene 8.9E-01 mg/kg 9.5E-08 mg/kg-day -- -- -- 8.5E-07 mg/kg-day 3.0E-02 mg/kg-day 2.8E-05
Dibutyltin 2.4E-02 mg/kg 2.6E-09 mg/kg-day -- -- -- 2.3E-08 mg/kg-day 3.0E-04 mg/kg-day 7.6E-05
Tributyltin 8.2E-02 mg/kg 8.8E-09 mg/kg-day -- -- -- 7.8E-08 mg/kg-day 3.0E-04 mg/kg-day 2.6E-04
Total PCB Congeners 1.7E+00 mg/kg 1.8E-07 mg/kg-day 2.0E+00 (mg/kg-day)-1 3.6E-07 1.6E-06 mg/kg-day 2.0E-05 mg/kg-day 8.1E-02
Total TEQ – PCB DLC 7.4E-06 mg/kg 7.9E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.0E-07 7.1E-12 mg/kg-day 7.0E-10 mg/kg-day 1.0E-02

Exp. Route Total 1.1E-05 3.8E-01

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Point Avisadero Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
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TABLE A-12A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Point Avisadero Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Sediment Sediment Sediment Dermal Aluminum 6.8E+04 mg/kg 2.4E-04 mg/kg-day -- -- -- 1.9E-03 mg/kg-day 1.0E+00 mg/kg-day 1.9E-03

Antimony 5.4E+00 mg/kg 1.9E-08 mg/kg-day -- -- -- 1.5E-07 mg/kg-day 6.0E-05 mg/kg-day 2.5E-03
Arsenic 1.2E+01 mg/kg 1.3E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 1.2E-06 1.0E-06 mg/kg-day 3.0E-04 mg/kg-day 3.4E-03
Barium 4.8E+02 mg/kg 1.6E-06 mg/kg-day -- -- -- 1.3E-05 mg/kg-day 1.4E-02 mg/kg-day 9.4E-04
Cadmium 3.2E-01 mg/kg 1.1E-10 mg/kg-day 6.0E+02 (mg/kg-day)-1 6.7E-08 8.9E-10 mg/kg-day 2.5E-05 mg/kg-day 3.6E-05
Chromium 2.6E+02 mg/kg 8.8E-07 mg/kg-day -- -- -- 7.1E-06 mg/kg-day 2.0E-02 mg/kg-day 3.6E-04
Cobalt 1.8E+01 mg/kg 6.2E-08 mg/kg-day -- -- -- 5.0E-07 mg/kg-day 3.0E-04 mg/kg-day 1.7E-03
Copper 4.2E+02 mg/kg 1.5E-06 mg/kg-day -- -- -- 1.2E-05 mg/kg-day 4.0E-02 mg/kg-day 2.9E-04
Iron 4.2E+04 mg/kg 1.4E-04 mg/kg-day -- -- -- 1.2E-03 mg/kg-day 7.0E-01 mg/kg-day 1.6E-03
Lead 1.0E+02 mg/kg 3.6E-07 mg/kg-day -- -- -- 2.9E-06 mg/kg-day -- -- --
Manganese 5.2E+02 mg/kg 1.8E-06 mg/kg-day -- -- -- 1.4E-05 mg/kg-day 1.4E-01 mg/kg-day 1.0E-04
Mercury 2.5E+00 mg/kg 8.7E-09 mg/kg-day -- -- -- 7.0E-08 mg/kg-day 1.0E-04 mg/kg-day 7.0E-04
Molybdenum 1.0E+00 mg/kg 3.5E-09 mg/kg-day -- -- -- 2.8E-08 mg/kg-day 5.0E-03 mg/kg-day 5.7E-06
Nickel 1.3E+02 mg/kg 4.5E-07 mg/kg-day -- -- -- 3.6E-06 mg/kg-day 8.0E-04 mg/kg-day 4.5E-03
Selenium 4.3E-01 mg/kg 1.5E-09 mg/kg-day -- -- -- 1.2E-08 mg/kg-day 5.0E-03 mg/kg-day 2.4E-06
Silver 3.0E-01 mg/kg 1.0E-09 mg/kg-day -- -- -- 8.1E-09 mg/kg-day 2.0E-04 mg/kg-day 4.1E-05
Vanadium 1.4E+02 mg/kg 4.7E-07 mg/kg-day -- -- -- 3.8E-06 mg/kg-day 1.3E-04 mg/kg-day 2.9E-02
Zinc 1.5E+02 mg/kg 5.1E-07 mg/kg-day -- -- -- 4.1E-06 mg/kg-day 3.0E-01 mg/kg-day 1.4E-05
2,4'-DDD 8.4E-04 mg/kg 1.4E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 3.5E-12 1.2E-10 mg/kg-day 5.0E-04 mg/kg-day 2.3E-07
4,4'-DDD 1.3E-03 mg/kg 2.2E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 5.2E-12 1.7E-10 mg/kg-day 5.0E-04 mg/kg-day 3.5E-07
4,4'-DDE 1.2E-03 mg/kg 2.1E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 7.0E-12 1.7E-10 mg/kg-day 5.0E-04 mg/kg-day 3.3E-07
4,4'-DDT 3.6E-04 mg/kg 6.1E-12 mg/kg-day 3.4E-01 (mg/kg-day)-1 2.1E-12 4.9E-11 mg/kg-day 5.0E-04 mg/kg-day 9.8E-08
alpha-Chlordane 1.5E-04 mg/kg 2.6E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 9.0E-13 2.1E-11 mg/kg-day 5.0E-04 mg/kg-day 4.1E-08
2-Methylnaphthalene 1.2E-02 mg/kg 6.2E-10 mg/kg-day -- -- -- 5.0E-09 mg/kg-day 4.0E-03 mg/kg-day 1.2E-06
Acenaphthene 4.5E-02 mg/kg 2.3E-09 mg/kg-day -- -- -- 1.9E-08 mg/kg-day 6.0E-02 mg/kg-day 3.1E-07
Acenaphthylene 3.1E-02 mg/kg 1.6E-09 mg/kg-day -- -- -- 1.3E-08 mg/kg-day 6.0E-02 mg/kg-day 2.1E-07
Anthracene 1.8E-01 mg/kg 9.2E-09 mg/kg-day -- -- -- 7.4E-08 mg/kg-day 3.0E-01 mg/kg-day 2.5E-07
Fluorene 4.0E-02 mg/kg 2.1E-09 mg/kg-day -- -- -- 1.6E-08 mg/kg-day 4.0E-02 mg/kg-day 4.1E-07
Naphthalene 2.5E-02 mg/kg 1.3E-09 mg/kg-day -- -- -- 1.0E-08 mg/kg-day 2.0E-02 mg/kg-day 5.2E-07
Phenanthrene 4.1E-01 mg/kg 2.1E-08 mg/kg-day -- -- -- 1.7E-07 mg/kg-day 3.0E-01 mg/kg-day 5.7E-07
Benzo(a)anthracene M 3.6E-01 mg/kg 8.0E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 9.7E-08 1.5E-07 mg/kg-day -- -- --
Benzo(a)pyrene M 4.8E-01 mg/kg 1.1E-07 mg/kg-day 7.3E+00 (mg/kg-day)-1 7.8E-07 2.0E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene M 3.3E-01 mg/kg 7.2E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 8.6E-08 1.3E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 3.6E-01 mg/kg 1.8E-08 mg/kg-day -- -- -- 1.5E-07 mg/kg-day 3.0E-02 mg/kg-day 4.9E-06
Benzo(k)fluoranthene M 3.3E-01 mg/kg 7.3E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 8.7E-08 1.4E-07 mg/kg-day -- -- --
Chrysene M 4.2E-01 mg/kg 9.4E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 1.1E-08 1.8E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene M 5.7E-02 mg/kg 1.3E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 9.2E-08 2.4E-08 mg/kg-day -- -- --
Fluoranthene 7.5E-01 mg/kg 3.9E-08 mg/kg-day -- -- -- 3.1E-07 mg/kg-day 4.0E-02 mg/kg-day 7.7E-06
Indeno(1,2,3-cd)pyrene M 3.5E-01 mg/kg 7.8E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 9.3E-08 1.5E-07 mg/kg-day -- -- --
Pyrene 8.9E-01 mg/kg 4.6E-08 mg/kg-day -- -- -- 3.7E-07 mg/kg-day 3.0E-02 mg/kg-day 1.2E-05
Dibutyltin 2.4E-02 mg/kg 8.2E-10 mg/kg-day -- -- -- 6.6E-09 mg/kg-day 3.0E-04 mg/kg-day 2.2E-05
Tributyltin 8.2E-02 mg/kg 2.8E-09 mg/kg-day -- -- -- 2.3E-08 mg/kg-day 3.0E-04 mg/kg-day 7.6E-05
Total PCB Congeners 1.7E+00 mg/kg 8.7E-08 mg/kg-day 2.0E+00 (mg/kg-day)-1 1.7E-07 7.0E-07 mg/kg-day 2.0E-05 mg/kg-day 3.5E-02
Total TEQ – PCB DLC 7.4E-06 mg/kg 7.7E-14 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.0E-08 6.1E-13 mg/kg-day 7.0E-10 mg/kg-day 8.8E-04

Exp. Route Total 2.7E-06 8.3E-02
Exposure Point Total 1.4E-05 4.6E-01

Exposure Medium Total 1.4E-05 4.6E-01
Medium Total 1.4E-05 4.6E-01
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TABLE A-12A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Point Avisadero Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Macomaa Macoma Macoma Ingestion Aluminum 3.2E+02 mg/kg 2.4E-03 mg/kg-day -- -- -- 8.4E-03 mg/kg-day 1.0E+00 mg/kg-day 8.4E-03

Antimony 2.6E-02 mg/kg 2.0E-07 mg/kg-day -- -- -- 6.9E-07 mg/kg-day 4.0E-04 mg/kg-day 1.7E-03
Arsenic 3.5E+00 mg/kg 2.7E-05 mg/kg-day 9.5E+00 (mg/kg-day)-1 2.6E-04 9.4E-05 mg/kg-day 3.0E-04 mg/kg-day 3.1E-01
Barium 3.3E+00 mg/kg 2.5E-05 mg/kg-day -- -- -- 8.8E-05 mg/kg-day 2.0E-01 mg/kg-day 4.4E-04
Cadmium 5.0E-02 mg/kg 3.8E-07 mg/kg-day 1.5E+01 (mg/kg-day)-1 5.7E-06 1.3E-06 mg/kg-day 1.0E-03 mg/kg-day 1.3E-03
Chromium 3.3E+00 mg/kg 2.5E-05 mg/kg-day -- -- -- 8.8E-05 mg/kg-day 1.5E+00 mg/kg-day 5.8E-05
Cobalt 4.2E-01 mg/kg 3.2E-06 mg/kg-day -- -- -- 1.1E-05 mg/kg-day 3.0E-04 mg/kg-day 3.8E-02
Copper 1.5E+01 mg/kg 1.1E-04 mg/kg-day -- -- -- 4.0E-04 mg/kg-day 4.0E-02 mg/kg-day 1.0E-02
Iron 4.8E+02 mg/kg 3.7E-03 mg/kg-day -- -- -- 1.3E-02 mg/kg-day 7.0E-01 mg/kg-day 1.8E-02
Lead 5.5E-01 mg/kg 4.2E-06 mg/kg-day -- -- -- 1.5E-05 mg/kg-day -- -- --
Manganese 7.5E+00 mg/kg 5.7E-05 mg/kg-day -- -- -- 2.0E-04 mg/kg-day 1.4E-01 mg/kg-day 1.4E-03
Mercury 3.5E-01 mg/kg 2.6E-06 mg/kg-day -- -- -- 9.3E-06 mg/kg-day 1.0E-04 mg/kg-day 9.3E-02
Molybdenum 4.6E-01 mg/kg 3.5E-06 mg/kg-day -- -- -- 1.2E-05 mg/kg-day 5.0E-03 mg/kg-day 2.4E-03
Nickel 1.5E+00 mg/kg 1.2E-05 mg/kg-day -- -- -- 4.1E-05 mg/kg-day 2.0E-02 mg/kg-day 2.0E-03
Selenium 7.1E-01 mg/kg 5.4E-06 mg/kg-day -- -- -- 1.9E-05 mg/kg-day 5.0E-03 mg/kg-day 3.8E-03
Silver 2.6E-02 mg/kg 2.0E-07 mg/kg-day -- -- -- 6.9E-07 mg/kg-day 5.0E-03 mg/kg-day 1.4E-04
Vanadium 1.5E+00 mg/kg 1.2E-05 mg/kg-day -- -- -- 4.1E-05 mg/kg-day 5.0E-03 mg/kg-day 8.2E-03
Zinc 1.8E+01 mg/kg 1.4E-04 mg/kg-day -- -- -- 4.8E-04 mg/kg-day 3.0E-01 mg/kg-day 1.6E-03
4,4'-DDD 5.4E-04 mg/kg 4.1E-09 mg/kg-day 2.4E-01 (mg/kg-day)-1 9.8E-10 1.4E-08 mg/kg-day 5.0E-04 mg/kg-day 2.9E-05
4,4'-DDE 1.1E-03 mg/kg 8.1E-09 mg/kg-day 3.4E-01 (mg/kg-day)-1 2.7E-09 2.8E-08 mg/kg-day 5.0E-04 mg/kg-day 5.6E-05
4,4'-DDT 2.6E-04 mg/kg 2.0E-09 mg/kg-day 3.4E-01 (mg/kg-day)-1 6.7E-10 6.9E-09 mg/kg-day 5.0E-04 mg/kg-day 1.4E-05
alpha-Chlordane 1.2E-04 mg/kg 9.4E-10 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.3E-10 3.3E-09 mg/kg-day 5.0E-04 mg/kg-day 6.6E-06
Dieldrin 1.6E-04 mg/kg 1.2E-09 mg/kg-day 1.6E+01 (mg/kg-day)-1 1.9E-08 4.2E-09 mg/kg-day 5.0E-05 mg/kg-day 8.5E-05
gamma-Chlordane 1.3E-04 mg/kg 1.0E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.5E-10 3.5E-09 mg/kg-day 5.0E-04 mg/kg-day 7.0E-06
Acenaphthene 3.0E-04 mg/kg 2.3E-09 mg/kg-day -- -- -- 8.0E-09 mg/kg-day 6.0E-02 mg/kg-day 1.3E-07
Acenaphthylene 5.2E-04 mg/kg 4.0E-09 mg/kg-day -- -- -- 1.4E-08 mg/kg-day 6.0E-02 mg/kg-day 2.3E-07
Anthracene 3.2E-03 mg/kg 2.4E-08 mg/kg-day -- -- -- 8.5E-08 mg/kg-day 3.0E-01 mg/kg-day 2.8E-07
Fluorene 4.5E-04 mg/kg 3.4E-09 mg/kg-day -- -- -- 1.2E-08 mg/kg-day 4.0E-02 mg/kg-day 3.0E-07
Phenanthrene 3.3E-03 mg/kg 2.5E-08 mg/kg-day -- -- -- 8.8E-08 mg/kg-day 3.0E-01 mg/kg-day 2.9E-07
Benzo(a)anthracene 6.1E-03 mg/kg 4.6E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 5.6E-08 1.6E-07 mg/kg-day -- -- --
Benzo(a)pyrene 5.4E-03 mg/kg 4.1E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 3.0E-07 1.4E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene 5.3E-03 mg/kg 4.0E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 4.8E-08 1.4E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 3.1E-03 mg/kg 2.4E-08 mg/kg-day -- -- -- 8.4E-08 mg/kg-day 3.0E-02 mg/kg-day 2.8E-06
Benzo(k)fluoranthene 6.3E-03 mg/kg 4.8E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 5.7E-08 1.7E-07 mg/kg-day -- -- --
Chrysene 7.8E-03 mg/kg 6.0E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 7.2E-09 2.1E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene 2.1E-04 mg/kg 1.6E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.2E-08 5.7E-09 mg/kg-day -- -- --
Fluoranthene 2.0E-02 mg/kg 1.5E-07 mg/kg-day -- -- -- 5.4E-07 mg/kg-day 4.0E-02 mg/kg-day 1.3E-05
Indeno(1,2,3-cd)pyrene 2.1E-03 mg/kg 1.6E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.9E-08 5.5E-08 mg/kg-day -- -- --
Pyrene 2.5E-02 mg/kg 1.9E-07 mg/kg-day -- -- -- 6.6E-07 mg/kg-day 3.0E-02 mg/kg-day 2.2E-05
Monobutyltin 1.6E-03 mg/kg 1.2E-08 mg/kg-day -- -- -- 4.3E-08 mg/kg-day 3.0E-04 mg/kg-day 1.4E-04
Dibutyltin 8.2E-03 mg/kg 6.2E-08 mg/kg-day -- -- -- 2.2E-07 mg/kg-day 3.0E-04 mg/kg-day 7.3E-04
Tributyltin 8.1E-02 mg/kg 6.1E-07 mg/kg-day -- -- -- 2.1E-06 mg/kg-day 3.0E-04 mg/kg-day 7.2E-03
Total PCB Congeners 2.8E-02 mg/kg 2.1E-07 mg/kg-day 2.0E+00 (mg/kg-day)-1 4.3E-07 7.5E-07 mg/kg-day 2.0E-05 mg/kg-day 3.7E-02
Total TEQ – PCB DLC 8.2E-06 mg/kg 6.2E-11 mg/kg-day 1.3E+05 (mg/kg-day)-1 8.1E-06 2.2E-10 mg/kg-day 7.0E-10 mg/kg-day 3.1E-01

Exp. Route Total 2.7E-04 8.6E-01
Exposure Point Total 2.7E-04 8.6E-01

Exposure Medium Total 2.7E-04 8.6E-01
Medium Total 2.7E-04 8.6E-01

Total of Receptor Risks across All Media 2.8E-04 Total of Receptor Hazards across All Media 1.3E+00
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TABLE A-12A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Point Avisadero Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Notes:

Acronyms/Abbreviations:
-- = not available or not applicable (mg/kg-day)-1 = 1/(milligram[s] per kilogram per day)
CSF = cancer slope factor mg/kg = milligram(s) per kilogram
DDD = dichlorodiphenyldichloroethane mg/kg-day = milligram(s) per kilogram per day
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl
DDT = dichlorodiphenyltrichloroethane RfC = reference concentration
EPC = exposure point concentration RfD = reference dose
Exp. = exposure RME = reasonable maximum exposure
M = lifetime exposure from birth, mutagenic endpoint TCDD = tetrachlorodibenzo-p-dioxin

a Macoma ingestion risks are evaluated for the adult receptor only.
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TABLE A-12B

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Aluminum -- -- -- -- 6.5E-02 -- 1.9E-03 6.7E-02

Antimony -- -- -- -- 1.3E-02 -- 2.5E-03 1.5E-02
Arsenic 7.6E-06 -- 1.2E-06 8.8E-06 2.4E-02 -- 3.4E-03 2.7E-02
Barium -- -- -- -- 2.3E-03 -- 9.4E-04 3.2E-03
Cadmium 5.2E-07 -- 6.7E-08 5.8E-07 3.1E-04 -- 3.6E-05 3.4E-04
Chromium -- -- -- -- 1.6E-04 -- 3.6E-04 5.2E-04
Cobalt -- -- -- -- 5.7E-02 -- 1.7E-03 5.9E-02
Copper -- -- -- -- 1.0E-02 -- 2.9E-04 1.0E-02
Iron -- -- -- -- 5.7E-02 -- 1.6E-03 5.9E-02
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 3.5E-03 -- 1.0E-04 3.6E-03
Mercury -- -- -- -- 2.4E-02 -- 7.0E-04 2.5E-02
Molybdenum -- -- -- -- 2.0E-04 -- 5.7E-06 2.0E-04
Nickel -- -- -- -- 6.2E-03 -- 4.5E-03 1.1E-02
Selenium -- -- -- -- 8.1E-05 -- 2.4E-06 8.4E-05
Silver -- -- -- -- 5.6E-05 -- 4.1E-05 9.7E-05
Vanadium -- -- -- -- 2.6E-02 -- 2.9E-02 5.5E-02
Zinc -- -- -- -- 4.7E-04 -- 1.4E-05 4.8E-04
2,4'-DDD 2.2E-11 -- 3.5E-12 2.5E-11 1.6E-06 -- 2.3E-07 1.8E-06
4,4'-DDD 3.3E-11 -- 5.2E-12 3.8E-11 2.4E-06 -- 3.5E-07 2.8E-06
4,4'-DDE 4.4E-11 -- 7.0E-12 5.1E-11 2.3E-06 -- 3.3E-07 2.6E-06
4,4'-DDT 1.3E-11 -- 2.1E-12 1.5E-11 6.7E-07 -- 9.8E-08 7.7E-07
alpha-Chlordane 5.6E-12 -- 9.0E-13 6.5E-12 2.8E-07 -- 4.1E-08 3.3E-07
2-Methylnaphthalene -- -- -- -- 2.9E-06 -- 1.2E-06 4.1E-06
Acenaphthene -- -- -- -- 7.2E-07 -- 3.1E-07 1.0E-06
Acenaphthylene -- -- -- -- 4.9E-07 -- 2.1E-07 7.1E-07
Anthracene -- -- -- -- 5.7E-07 -- 2.5E-07 8.1E-07
Fluorene -- -- -- -- 9.5E-07 -- 4.1E-07 1.4E-06
Naphthalene -- -- -- -- 1.2E-06 -- 5.2E-07 1.7E-06
Phenanthrene -- -- -- -- 1.3E-06 -- 5.7E-07 1.9E-06
Benzo(a)anthracene 2.1E-07 -- 9.7E-08 3.1E-07 -- -- -- --
Benzo(a)pyrene 1.7E-06 -- 7.8E-07 2.5E-06 -- -- -- --
Benzo(b)fluoranthene 1.9E-07 -- 8.6E-08 2.8E-07 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 1.1E-05 -- 4.9E-06 1.6E-05
Benzo(k)fluoranthene 1.9E-07 -- 8.7E-08 2.8E-07 -- -- -- --
Chrysene 2.5E-08 -- 1.1E-08 3.6E-08 -- -- -- --
Dibenz(a,h)anthracene 2.0E-07 -- 9.2E-08 2.9E-07 -- -- -- --
Fluoranthene -- -- -- -- 1.8E-05 -- 7.7E-06 2.6E-05
Indeno(1,2,3-cd)pyrene 2.0E-07 -- 9.3E-08 3.0E-07 -- -- -- --
Pyrene -- -- -- -- 2.8E-05 -- 1.2E-05 4.0E-05
Dibutyltin -- -- -- -- 7.6E-05 -- 2.2E-05 9.8E-05
Tributyltin -- -- -- -- 2.6E-04 -- 7.6E-05 3.4E-04
Total PCB Congeners 3.6E-07 -- 1.7E-07 5.4E-07 8.1E-02 -- 3.5E-02 1.2E-01
Total TEQ – PCB DLC 1.0E-07 -- 1.0E-08 1.1E-07 1.0E-02 -- 8.8E-04 1.1E-02
Chemical Total 1.1E-05 -- 2.7E-06 1.4E-05 3.8E-01 -- 8.3E-02 4.6E-01

Exposure Point Total 1.4E-05 4.6E-01
Exposure Medium Total 1.4E-05 4.6E-01

Medium Total 1.4E-05 4.6E-01

Summary of Receptor Risks and Hazards - Adult and Child Recreational User, Point Avisadero Area 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-12B

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total

Summary of Receptor Risks and Hazards - Adult and Child Recreational User, Point Avisadero Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Macoma Macoma Macoma Aluminum -- -- -- -- 8.4E-03 -- -- 8.4E-03
(ingestion) Antimony -- -- -- -- 1.7E-03 -- -- 1.7E-03

Arsenic 2.6E-04 -- -- 2.6E-04 3.1E-01 -- -- 3.1E-01
Barium -- -- -- -- 4.4E-04 -- -- 4.4E-04
Cadmium 5.7E-06 -- -- 5.7E-06 1.3E-03 -- -- 1.3E-03
Chromium -- -- -- -- 5.8E-05 -- -- 5.8E-05
Cobalt -- -- -- -- 3.8E-02 -- -- 3.8E-02
Copper -- -- -- -- 1.0E-02 -- -- 1.0E-02
Iron -- -- -- -- 1.8E-02 -- -- 1.8E-02
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 1.4E-03 -- -- 1.4E-03
Mercury -- -- -- -- 9.3E-02 -- -- 9.3E-02
Molybdenum -- -- -- -- 2.4E-03 -- -- 2.4E-03
Nickel -- -- -- -- 2.0E-03 -- -- 2.0E-03
Selenium -- -- -- -- 3.8E-03 -- -- 3.8E-03
Silver -- -- -- -- 1.4E-04 -- -- 1.4E-04
Vanadium -- -- -- -- 8.2E-03 -- -- 8.2E-03
Zinc -- -- -- -- 1.6E-03 -- -- 1.6E-03
4,4'-DDD 9.8E-10 -- -- 9.8E-10 2.9E-05 -- -- 2.9E-05
4,4'-DDE 2.7E-09 -- -- 2.7E-09 5.6E-05 -- -- 5.6E-05
4,4'-DDT 6.7E-10 -- -- 6.7E-10 1.4E-05 -- -- 1.4E-05
alpha-Chlordane 3.3E-10 -- -- 3.3E-10 6.6E-06 -- -- 6.6E-06
Dieldrin 1.9E-08 -- -- 1.9E-08 8.5E-05 -- -- 8.5E-05
gamma-Chlordane 3.5E-10 -- -- 3.5E-10 7.0E-06 -- -- 7.0E-06
Acenaphthene -- -- -- -- 1.3E-07 -- -- 1.3E-07
Acenaphthylene -- -- -- -- 2.3E-07 -- -- 2.3E-07
Anthracene -- -- -- -- 2.8E-07 -- -- 2.8E-07
Fluorene -- -- -- -- 3.0E-07 -- -- 3.0E-07
Phenanthrene -- -- -- -- 2.9E-07 -- -- 2.9E-07
Benzo(a)anthracene 5.6E-08 -- -- 5.6E-08 -- -- -- --
Benzo(a)pyrene 3.0E-07 -- -- 3.0E-07 -- -- -- --
Benzo(b)fluoranthene 4.8E-08 -- -- 4.8E-08 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 2.8E-06 -- -- 2.8E-06
Benzo(k)fluoranthene 5.7E-08 -- -- 5.7E-08 -- -- -- --
Chrysene 7.2E-09 -- -- 7.2E-09 -- -- -- --
Dibenz(a,h)anthracene 1.2E-08 -- -- 1.2E-08 -- -- -- --
Fluoranthene -- -- -- -- 1.3E-05 -- -- 1.3E-05
Indeno(1,2,3-cd)pyrene 1.9E-08 -- -- 1.9E-08 -- -- -- --
Pyrene -- -- -- -- 2.2E-05 -- -- 2.2E-05
Monobutyltin -- -- -- -- 1.4E-04 -- -- 1.4E-04
Dibutyltin -- -- -- -- 7.3E-04 -- -- 7.3E-04
Tributyltin -- -- -- -- 7.2E-03 -- -- 7.2E-03
Total PCB Congeners 4.3E-07 -- -- 4.3E-07 3.7E-02 -- -- 3.7E-02
Total TEQ – PCB DLC 8.1E-06 -- -- 8.1E-06 3.1E-01 -- -- 3.1E-01
Chemical Total 2.7E-04 -- -- 2.7E-04 8.6E-01 -- -- 8.6E-01

Exposure Point Total 2.7E-04 8.6E-01
Exposure Medium Total 2.7E-04 8.6E-01

Medium Total 2.7E-04 8.6E-01
Receptor Total Total Risk across All Media 2.8E-04 Total Hazard across All Media 1.3E+00
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TABLE A-12B

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total

Summary of Receptor Risks and Hazards - Adult and Child Recreational User, Point Avisadero Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Acronyms/Abbreviations:
-- = not available or not applicable DDT = dichlorodiphenyltrichloroethane

DDD = dichlorodiphenyldichloroethane PCB = polychlorinated biphenyl
DDE = dichlorodiphenyldichloroethylene TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-12C

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment BAP (EQ)* 2.5E-06 -- 1.2E-06 3.7E-06 -- -- -- --

(Oral/Dermal) Arsenic 7.6E-06 -- 1.2E-06 8.8E-06 2.4E-02 -- 3.4E-03 2.7E-02
Total PCB Congeners 3.6E-07 -- 1.7E-07 5.4E-07 8.1E-02 -- 3.5E-02 1.2E-01

Chemical Total 1.0E-05 -- 2.4E-06 1.2E-05 2.4E-02 -- 3.4E-03 2.7E-02
Exposure Point Total 1.2E-05 2.7E-02

Exposure Medium Total 1.2E-05 2.7E-02
Medium Total 1.2E-05 2.7E-02

Macoma Macoma Macoma Arsenic 2.6E-04 -- -- 2.6E-04 3.1E-01 -- -- 3.1E-01
(Oral) Cadmium 5.7E-06 -- -- 5.7E-06 1.3E-03 -- -- 1.3E-03

Total TEQ – PCB DLC 8.1E-06 -- -- 8.1E-06 3.1E-01 -- -- 3.1E-01

Chemical Total 2.7E-04 -- -- 2.7E-04 6.3E-01 -- -- 6.3E-01
Exposure Point Total 2.7E-04 6.3E-01

Exposure Medium Total 2.7E-04 6.3E-01
Medium Total 2.7E-04 6.3E-01
Receptor Total Total Risk across All Media 2.8E-04 Total Hazard across All Media 6.5E-01

Notes:
*

Acronyms/Abbreviations:
-- = not available or not applicable PAH = polycyclic aromatic hydrocarbon 
BAP (EQ) = benzo(a)pyrene equivalent PCB = polychlorinated biphenyl

Risk for benzo(a)pyrene equivalent (BAP [EQ]) is calculated by summing the risks for each of the individual potentially carcinogenic PAHs: benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, 
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene.

Summary of Risk Drivers - Adult and Child Recreational User, Point Avisadero Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-13A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Sediment Sediment Sediment Ingestion Aluminum 6.8E+04 mg/kg 2.8E-03 mg/kg-day -- -- -- 1.9E-01 mg/kg-day 1.0E+00 mg/kg-day 1.9E-01
Antimony 5.4E+00 mg/kg 2.2E-07 mg/kg-day -- -- -- 1.5E-05 mg/kg-day 4.0E-04 mg/kg-day 3.8E-02
Arsenic 1.2E+01 mg/kg 3.0E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 2.9E-06 2.1E-05 mg/kg-day 3.0E-04 mg/kg-day 7.0E-02
Barium 4.8E+02 mg/kg 1.9E-05 mg/kg-day -- -- -- 1.3E-03 mg/kg-day 2.0E-01 mg/kg-day 6.7E-03
Cadmium 3.2E-01 mg/kg 1.3E-08 mg/kg-day 1.5E+01 (mg/kg-day)-1 2.0E-07 9.1E-07 mg/kg-day 1.0E-03 mg/kg-day 9.1E-04
Chromium 2.6E+02 mg/kg 1.0E-05 mg/kg-day -- -- -- 7.2E-04 mg/kg-day 1.5E+00 mg/kg-day 4.8E-04
Cobalt 1.8E+01 mg/kg 7.3E-07 mg/kg-day -- -- -- 5.1E-05 mg/kg-day 3.0E-04 mg/kg-day 1.7E-01
Copper 4.2E+02 mg/kg 1.7E-05 mg/kg-day -- -- -- 1.2E-03 mg/kg-day 4.0E-02 mg/kg-day 3.0E-02
Iron 4.2E+04 mg/kg 1.7E-03 mg/kg-day -- -- -- 1.2E-01 mg/kg-day 7.0E-01 mg/kg-day 1.7E-01
Lead 1.0E+02 mg/kg 4.2E-06 mg/kg-day -- -- -- 2.9E-04 mg/kg-day -- -- --
Manganese 5.2E+02 mg/kg 2.1E-05 mg/kg-day -- -- -- 1.5E-03 mg/kg-day 1.4E-01 mg/kg-day 1.0E-02
Mercury 2.5E+00 mg/kg 1.0E-07 mg/kg-day -- -- -- 7.2E-06 mg/kg-day 1.0E-04 mg/kg-day 7.2E-02
Molybdenum 1.0E+00 mg/kg 4.2E-08 mg/kg-day -- -- -- 2.9E-06 mg/kg-day 5.0E-03 mg/kg-day 5.8E-04
Nickel 1.3E+02 mg/kg 5.2E-06 mg/kg-day -- -- -- 3.7E-04 mg/kg-day 2.0E-02 mg/kg-day 1.8E-02
Selenium 4.3E-01 mg/kg 1.7E-08 mg/kg-day -- -- -- 1.2E-06 mg/kg-day 5.0E-03 mg/kg-day 2.4E-04
Silver 3.0E-01 mg/kg 1.2E-08 mg/kg-day -- -- -- 8.3E-07 mg/kg-day 5.0E-03 mg/kg-day 1.7E-04
Vanadium 1.4E+02 mg/kg 5.6E-06 mg/kg-day -- -- -- 3.9E-04 mg/kg-day 5.0E-03 mg/kg-day 7.8E-02
Zinc 1.5E+02 mg/kg 6.0E-06 mg/kg-day -- -- -- 4.2E-04 mg/kg-day 3.0E-01 mg/kg-day 1.4E-03
2,4'-DDD 8.4E-04 mg/kg 3.4E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 8.1E-12 2.4E-09 mg/kg-day 5.0E-04 mg/kg-day 4.7E-06
4,4'-DDD 1.3E-03 mg/kg 5.1E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 1.2E-11 3.6E-09 mg/kg-day 5.0E-04 mg/kg-day 7.2E-06
4,4'-DDE 1.2E-03 mg/kg 4.8E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.6E-11 3.4E-09 mg/kg-day 5.0E-04 mg/kg-day 6.8E-06
4,4'-DDT 3.6E-04 mg/kg 1.4E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 4.9E-12 1.0E-09 mg/kg-day 5.0E-04 mg/kg-day 2.0E-06
alpha-Chlordane 1.5E-04 mg/kg 6.0E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.1E-12 4.2E-10 mg/kg-day 5.0E-04 mg/kg-day 8.4E-07
2-Methylnaphthalene 1.2E-02 mg/kg 4.9E-10 mg/kg-day -- -- -- 3.4E-08 mg/kg-day 4.0E-03 mg/kg-day 8.5E-06
Acenaphthene 4.5E-02 mg/kg 1.8E-09 mg/kg-day -- -- -- 1.3E-07 mg/kg-day 6.0E-02 mg/kg-day 2.1E-06
Acenaphthylene 3.1E-02 mg/kg 1.3E-09 mg/kg-day -- -- -- 8.8E-08 mg/kg-day 6.0E-02 mg/kg-day 1.5E-06
Anthracene 1.8E-01 mg/kg 7.2E-09 mg/kg-day -- -- -- 5.1E-07 mg/kg-day 3.0E-01 mg/kg-day 1.7E-06
Fluorene 4.0E-02 mg/kg 1.6E-09 mg/kg-day -- -- -- 1.1E-07 mg/kg-day 4.0E-02 mg/kg-day 2.8E-06
Naphthalene 2.5E-02 mg/kg 1.0E-09 mg/kg-day -- -- -- 7.1E-08 mg/kg-day 2.0E-02 mg/kg-day 3.5E-06
Phenanthrene 4.1E-01 mg/kg 1.7E-08 mg/kg-day -- -- -- 1.2E-06 mg/kg-day 3.0E-01 mg/kg-day 3.9E-06
Benzo(a)anthracene 3.6E-01 mg/kg 1.5E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.8E-08 1.0E-06 mg/kg-day -- -- --
Benzo(a)pyrene 4.8E-01 mg/kg 1.9E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.4E-07 1.4E-06 mg/kg-day -- -- --
Benzo(b)fluoranthene 3.3E-01 mg/kg 1.3E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.6E-08 9.2E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 3.6E-01 mg/kg 1.4E-08 mg/kg-day -- -- -- 1.0E-06 mg/kg-day 3.0E-02 mg/kg-day 3.4E-05
Benzo(k)fluoranthene 3.3E-01 mg/kg 1.3E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.6E-08 9.3E-07 mg/kg-day -- -- --
Chrysene 4.2E-01 mg/kg 1.7E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 2.1E-09 1.2E-06 mg/kg-day -- -- --
Dibenz(a,h)anthracene 5.7E-02 mg/kg 2.3E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.7E-08 1.6E-07 mg/kg-day -- -- --
Fluoranthene 7.5E-01 mg/kg 3.0E-08 mg/kg-day -- -- -- 2.1E-06 mg/kg-day 4.0E-02 mg/kg-day 5.3E-05
Indeno(1,2,3-cd)pyrene 3.5E-01 mg/kg 1.4E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.7E-08 9.9E-07 mg/kg-day -- -- --
Pyrene 8.9E-01 mg/kg 3.6E-08 mg/kg-day -- -- -- 2.5E-06 mg/kg-day 3.0E-02 mg/kg-day 8.4E-05
Dibutyltin 2.4E-02 mg/kg 9.7E-10 mg/kg-day -- -- -- 6.8E-08 mg/kg-day 3.0E-04 mg/kg-day 2.3E-04
Tributyltin 8.2E-02 mg/kg 3.3E-09 mg/kg-day -- -- -- 2.3E-07 mg/kg-day 3.0E-04 mg/kg-day 7.8E-04
Total PCB Congeners 1.7E+00 mg/kg 6.8E-08 mg/kg-day 2.0E+00 (mg/kg-day)-1 1.4E-07 4.8E-06 mg/kg-day 2.0E-05 mg/kg-day 2.4E-01
Total TEQ – PCB DLC 7.4E-06 mg/kg 3.0E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 3.9E-08 2.1E-11 mg/kg-day 7.0E-10 mg/kg-day 3.0E-02

Exp. Route Total 3.5E-06 1.1E+00

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, Point Avisadero Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
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TABLE A-13A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, Point Avisadero Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Sediment Sediment Sediment Dermal Aluminum 6.8E+04 mg/kg 4.0E-04 mg/kg-day -- -- -- 2.8E-02 mg/kg-day 1.0E+00 mg/kg-day 2.8E-02

Antimony 5.4E+00 mg/kg 3.2E-08 mg/kg-day -- -- -- 2.2E-06 mg/kg-day 6.0E-05 mg/kg-day 3.7E-02
Arsenic 1.2E+01 mg/kg 2.2E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 2.1E-06 1.5E-05 mg/kg-day 3.0E-04 mg/kg-day 5.2E-02
Barium 4.8E+02 mg/kg 2.8E-06 mg/kg-day -- -- -- 2.0E-04 mg/kg-day 1.4E-02 mg/kg-day 1.4E-02
Cadmium 3.2E-01 mg/kg 1.9E-10 mg/kg-day 6.0E+02 (mg/kg-day)-1 1.1E-07 1.3E-08 mg/kg-day 2.5E-05 mg/kg-day 5.3E-04
Chromium 2.6E+02 mg/kg 1.5E-06 mg/kg-day -- -- -- 1.1E-04 mg/kg-day 2.0E-02 mg/kg-day 5.4E-03
Cobalt 1.8E+01 mg/kg 1.1E-07 mg/kg-day -- -- -- 7.5E-06 mg/kg-day 3.0E-04 mg/kg-day 2.5E-02
Copper 4.2E+02 mg/kg 2.5E-06 mg/kg-day -- -- -- 1.8E-04 mg/kg-day 4.0E-02 mg/kg-day 4.4E-03
Iron 4.2E+04 mg/kg 2.5E-04 mg/kg-day -- -- -- 1.7E-02 mg/kg-day 7.0E-01 mg/kg-day 2.5E-02
Lead 1.0E+02 mg/kg 6.1E-07 mg/kg-day -- -- -- 4.3E-05 mg/kg-day -- -- --
Manganese 5.2E+02 mg/kg 3.1E-06 mg/kg-day -- -- -- 2.1E-04 mg/kg-day 1.4E-01 mg/kg-day 1.5E-03
Mercury 2.5E+00 mg/kg 1.5E-08 mg/kg-day -- -- -- 1.0E-06 mg/kg-day 1.0E-04 mg/kg-day 1.0E-02
Molybdenum 1.0E+00 mg/kg 6.1E-09 mg/kg-day -- -- -- 4.3E-07 mg/kg-day 5.0E-03 mg/kg-day 8.5E-05
Nickel 1.3E+02 mg/kg 7.7E-07 mg/kg-day -- -- -- 5.4E-05 mg/kg-day 8.0E-04 mg/kg-day 6.7E-02
Selenium 4.3E-01 mg/kg 2.5E-09 mg/kg-day -- -- -- 1.8E-07 mg/kg-day 5.0E-03 mg/kg-day 3.5E-05
Silver 3.0E-01 mg/kg 1.7E-09 mg/kg-day -- -- -- 1.2E-07 mg/kg-day 2.0E-04 mg/kg-day 6.1E-04
Vanadium 1.4E+02 mg/kg 8.1E-07 mg/kg-day -- -- -- 5.7E-05 mg/kg-day 1.3E-04 mg/kg-day 4.4E-01
Zinc 1.5E+02 mg/kg 8.8E-07 mg/kg-day -- -- -- 6.1E-05 mg/kg-day 3.0E-01 mg/kg-day 2.0E-04
2,4'-DDD 8.4E-04 mg/kg 2.5E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 5.9E-12 1.7E-09 mg/kg-day 5.0E-04 mg/kg-day 3.5E-06
4,4'-DDD 1.3E-03 mg/kg 3.7E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 9.0E-12 2.6E-09 mg/kg-day 5.0E-04 mg/kg-day 5.2E-06
4,4'-DDE 1.2E-03 mg/kg 3.5E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.2E-11 2.5E-09 mg/kg-day 5.0E-04 mg/kg-day 5.0E-06
4,4'-DDT 3.6E-04 mg/kg 1.0E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 3.6E-12 7.3E-10 mg/kg-day 5.0E-04 mg/kg-day 1.5E-06
alpha-Chlordane 1.5E-04 mg/kg 4.4E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.5E-12 3.1E-10 mg/kg-day 5.0E-04 mg/kg-day 6.2E-07
2-Methylnaphthalene 1.2E-02 mg/kg 1.1E-09 mg/kg-day -- -- -- 7.5E-08 mg/kg-day 4.0E-03 mg/kg-day 1.9E-05
Acenaphthene 4.5E-02 mg/kg 4.0E-09 mg/kg-day -- -- -- 2.8E-07 mg/kg-day 6.0E-02 mg/kg-day 4.7E-06
Acenaphthylene 3.1E-02 mg/kg 2.8E-09 mg/kg-day -- -- -- 1.9E-07 mg/kg-day 6.0E-02 mg/kg-day 3.2E-06
Anthracene 1.8E-01 mg/kg 1.6E-08 mg/kg-day -- -- -- 1.1E-06 mg/kg-day 3.0E-01 mg/kg-day 3.7E-06
Fluorene 4.0E-02 mg/kg 3.5E-09 mg/kg-day -- -- -- 2.5E-07 mg/kg-day 4.0E-02 mg/kg-day 6.2E-06
Naphthalene 2.5E-02 mg/kg 2.2E-09 mg/kg-day -- -- -- 1.6E-07 mg/kg-day 2.0E-02 mg/kg-day 7.8E-06
Phenanthrene 4.1E-01 mg/kg 3.6E-08 mg/kg-day -- -- -- 2.5E-06 mg/kg-day 3.0E-01 mg/kg-day 8.5E-06
Benzo(a)anthracene 3.6E-01 mg/kg 3.2E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 3.9E-08 2.3E-06 mg/kg-day -- -- --
Benzo(a)pyrene 4.8E-01 mg/kg 4.3E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 3.1E-07 3.0E-06 mg/kg-day -- -- --
Benzo(b)fluoranthene 3.3E-01 mg/kg 2.9E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 3.5E-08 2.0E-06 mg/kg-day -- -- --
Benzo(g,h,i)perylene 3.6E-01 mg/kg 3.2E-08 mg/kg-day -- -- -- 2.2E-06 mg/kg-day 3.0E-02 mg/kg-day 7.4E-05
Benzo(k)fluoranthene 3.3E-01 mg/kg 2.9E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 3.5E-08 2.0E-06 mg/kg-day -- -- --
Chrysene 4.2E-01 mg/kg 3.8E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 4.5E-09 2.6E-06 mg/kg-day -- -- --
Dibenz(a,h)anthracene 5.7E-02 mg/kg 5.1E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 3.7E-08 3.5E-07 mg/kg-day -- -- --
Fluoranthene 7.5E-01 mg/kg 6.6E-08 mg/kg-day -- -- -- 4.6E-06 mg/kg-day 4.0E-02 mg/kg-day 1.2E-04
Indeno(1,2,3-cd)pyrene 3.5E-01 mg/kg 3.1E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 3.7E-08 2.2E-06 mg/kg-day -- -- --
Pyrene 8.9E-01 mg/kg 7.9E-08 mg/kg-day -- -- -- 5.5E-06 mg/kg-day 3.0E-02 mg/kg-day 1.8E-04
Dibutyltin 2.4E-02 mg/kg 1.4E-09 mg/kg-day -- -- -- 9.9E-08 mg/kg-day 3.0E-04 mg/kg-day 3.3E-04
Tributyltin 8.2E-02 mg/kg 4.9E-09 mg/kg-day -- -- -- 3.4E-07 mg/kg-day 3.0E-04 mg/kg-day 1.1E-03
Total PCB Congeners 1.7E+00 mg/kg 1.5E-07 mg/kg-day 2.0E+00 (mg/kg-day)-1 3.0E-07 1.1E-05 mg/kg-day 2.0E-05 mg/kg-day 5.3E-01
Total TEQ – PCB DLC 7.4E-06 mg/kg 1.3E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.7E-08 9.2E-12 mg/kg-day 7.0E-10 mg/kg-day 1.3E-02

Exp. Route Total 3.0E-06 1.2E+00
Exposure Point Total 6.5E-06 2.4E+00

Exposure Medium Total 6.5E-06 2.4E+00
Medium Total 6.5E-06 2.4E+00

Total of Receptor Risks across All Media 6.5E-06 Total of Receptor Hazards across All Media 2.4E+00
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TABLE A-13A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, Point Avisadero Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Acronyms/Abbreviations:
-- = not available or not applicable (mg/kg-day)- 1/(milligram[s] per kilogram per day)
CSF = cancer slope factor mg/kg = milligram(s) per kilogram
DDD = dichlorodiphenyldichloroethane mg/kg-day = milligram(s) per kilogram per day
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl
DDT = dichlorodiphenyltrichloroethane RfC = reference concentration
EPC = exposure point concentration RfD = reference dose
Exp. = exposure RME = reasonable maximum exposure
M = lifetime exposure from birth, mutagenic endpoint TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-13B

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Aluminum -- -- -- -- 1.9E-01 -- 2.8E-02 2.2E-01

Antimony -- -- -- -- 3.8E-02 -- 3.7E-02 7.6E-02
Arsenic 2.9E-06 -- 2.1E-06 5.0E-06 7.0E-02 -- 5.2E-02 1.2E-01
Barium -- -- -- -- 6.7E-03 -- 1.4E-02 2.1E-02
Cadmium 2.0E-07 -- 1.1E-07 3.1E-07 9.1E-04 -- 5.3E-04 1.4E-03
Chromium -- -- -- -- 4.8E-04 -- 5.4E-03 5.9E-03
Cobalt -- -- -- -- 1.7E-01 -- 2.5E-02 1.9E-01
Copper -- -- -- -- 3.0E-02 -- 4.4E-03 3.4E-02
Iron -- -- -- -- 1.7E-01 -- 2.5E-02 1.9E-01
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 1.0E-02 -- 1.5E-03 1.2E-02
Mercury -- -- -- -- 7.2E-02 -- 1.0E-02 8.2E-02
Molybdenum -- -- -- -- 5.8E-04 -- 8.5E-05 6.7E-04
Nickel -- -- -- -- 1.8E-02 -- 6.7E-02 8.5E-02
Selenium -- -- -- -- 2.4E-04 -- 3.5E-05 2.8E-04
Silver -- -- -- -- 1.7E-04 -- 6.1E-04 7.8E-04
Vanadium -- -- -- -- 7.8E-02 -- 4.4E-01 5.2E-01
Zinc -- -- -- -- 1.4E-03 -- 2.0E-04 1.6E-03
2,4'-DDD 8.1E-12 -- 5.9E-12 1.4E-11 4.7E-06 -- 3.5E-06 8.2E-06
4,4'-DDD 1.2E-11 -- 9.0E-12 2.1E-11 7.2E-06 -- 5.2E-06 1.2E-05
4,4'-DDE 1.6E-11 -- 1.2E-11 2.9E-11 6.8E-06 -- 5.0E-06 1.2E-05
4,4'-DDT 4.9E-12 -- 3.6E-12 8.4E-12 2.0E-06 -- 1.5E-06 3.5E-06
alpha-Chlordane 2.1E-12 -- 1.5E-12 3.7E-12 8.4E-07 -- 6.2E-07 1.5E-06
2-Methylnaphthalene -- -- -- -- 8.5E-06 -- 1.9E-05 2.7E-05
Acenaphthene -- -- -- -- 2.1E-06 -- 4.7E-06 6.8E-06
Acenaphthylene -- -- -- -- 1.5E-06 -- 3.2E-06 4.7E-06
Anthracene -- -- -- -- 1.7E-06 -- 3.7E-06 5.4E-06
Fluorene -- -- -- -- 2.8E-06 -- 6.2E-06 9.0E-06
Naphthalene -- -- -- -- 3.5E-06 -- 7.8E-06 1.1E-05
Phenanthrene -- -- -- -- 3.9E-06 -- 8.5E-06 1.2E-05
Benzo(a)anthracene 1.8E-08 -- 3.9E-08 5.6E-08 -- -- -- --
Benzo(a)pyrene 1.4E-07 -- 3.1E-07 4.5E-07 -- -- -- --
Benzo(b)fluoranthene 1.6E-08 -- 3.5E-08 5.0E-08 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 3.4E-05 -- 7.4E-05 1.1E-04
Benzo(k)fluoranthene 1.6E-08 -- 3.5E-08 5.1E-08 -- -- -- --
Chrysene 2.1E-09 -- 4.5E-09 6.6E-09 -- -- -- --
Dibenz(a,h)anthracene 1.7E-08 -- 3.7E-08 5.4E-08 -- -- -- --
Fluoranthene -- -- -- -- 5.3E-05 -- 1.2E-04 1.7E-04
Indeno(1,2,3-cd)pyrene 1.7E-08 -- 3.7E-08 5.4E-08 -- -- -- --
Pyrene -- -- -- -- 8.4E-05 -- 1.8E-04 2.7E-04
Dibutyltin -- -- -- -- 2.3E-04 -- 3.3E-04 5.6E-04
Tributyltin -- -- -- -- 7.8E-04 -- 1.1E-03 1.9E-03
Total PCB Congeners 1.4E-07 -- 3.0E-07 4.4E-07 2.4E-01 -- 5.3E-01 7.7E-01
Total TEQ – PCB DLC 3.9E-08 -- 1.7E-08 5.6E-08 3.0E-02 -- 1.3E-02 4.3E-02

Chemical Total 3.5E-06 -- 3.0E-06 6.5E-06 1.1E+00 -- 1.2E+00 2.4E+00
Exposure Point Total 6.5E-06 2.4E+00

Exposure Medium Total 6.5E-06 2.4E+00
Medium Total 6.5E-06 2.4E+00
Receptor Total Total Risk across All Media 6.5E-06 Total Hazard across All Media 2.4E+00

Summary of Receptor Risks and Hazards - Construction Worker, Point Avisadero Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-13B

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total

Summary of Receptor Risks and Hazards - Construction Worker, Point Avisadero Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Acronyms/Abbreviations:
-- = not available or not applicable DDT = dichlorodiphenyltrichloroethane

DDD = dichlorodiphenyldichloroethane PCB = polychlorinated biphenyl
DDE = dichlorodiphenyldichloroethylene TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-13C

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Arsenic 2.9E-06 -- 2.1E-06 5.0E-06 7.0E-02 -- 5.2E-02 1.2E-01

Chemical Total -- -- -- 5.0E-06 -- -- -- 1.2E-01
Exposure Point Total 5.0E-06 1.2E-01

Exposure Medium Total 5.0E-06 1.2E-01
Medium Total 5.0E-06 1.2E-01
Receptor Total Total Risk across All Media 5.0E-06 Total Hazard across All Media 1.2E-01
Acronyms/Abbreviations:

-- = not available or not applicable

Summary of Risk Drivers - Construction Worker, Point Avisadero Area
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-14A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Sediment Sediment Sediment Ingestion Aluminum 6.8E+04 mg/kg 7.3E-03 mg/kg-day -- -- -- 6.5E-02 mg/kg-day 1.0E+00 mg/kg-day 6.5E-02
Antimony 4.3E+00 mg/kg 4.6E-07 mg/kg-day -- -- -- 4.1E-06 mg/kg-day 4.0E-04 mg/kg-day 1.0E-02
Arsenic 1.1E+01 mg/kg 7.3E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 6.9E-06 6.5E-06 mg/kg-day 3.0E-04 mg/kg-day 2.2E-02
Barium 5.6E+02 mg/kg 6.0E-05 mg/kg-day -- -- -- 5.3E-04 mg/kg-day 2.0E-01 mg/kg-day 2.6E-03
Cadmium 5.2E-01 mg/kg 5.5E-08 mg/kg-day 1.5E+01 (mg/kg-day)-1 8.3E-07 4.9E-07 mg/kg-day 1.0E-03 mg/kg-day 4.9E-04
Chromium 2.5E+02 mg/kg 2.7E-05 mg/kg-day -- -- -- 2.4E-04 mg/kg-day 1.5E+00 mg/kg-day 1.6E-04
Cobalt 1.8E+01 mg/kg 1.9E-06 mg/kg-day -- -- -- 1.7E-05 mg/kg-day 3.0E-04 mg/kg-day 5.7E-02
Copper 1.5E+02 mg/kg 1.6E-05 mg/kg-day -- -- -- 1.4E-04 mg/kg-day 4.0E-02 mg/kg-day 3.5E-03
Iron 4.3E+04 mg/kg 4.6E-03 mg/kg-day -- -- -- 4.1E-02 mg/kg-day 7.0E-01 mg/kg-day 5.9E-02
Lead 9.8E+01 mg/kg 1.0E-05 mg/kg-day -- -- -- 9.3E-05 mg/kg-day -- -- --
Manganese 4.5E+02 mg/kg 4.8E-05 mg/kg-day -- -- -- 4.3E-04 mg/kg-day 1.4E-01 mg/kg-day 3.1E-03
Mercury 8.2E-01 mg/kg 8.8E-08 mg/kg-day -- -- -- 7.8E-07 mg/kg-day 1.0E-04 mg/kg-day 7.8E-03
Molybdenum 1.2E+00 mg/kg 1.3E-07 mg/kg-day -- -- -- 1.2E-06 mg/kg-day 5.0E-03 mg/kg-day 2.3E-04
Nickel 1.2E+02 mg/kg 1.3E-05 mg/kg-day -- -- -- 1.2E-04 mg/kg-day 2.0E-02 mg/kg-day 5.9E-03
Selenium 3.6E-01 mg/kg 3.8E-08 mg/kg-day -- -- -- 3.4E-07 mg/kg-day 5.0E-03 mg/kg-day 6.8E-05
Silver 1.0E+00 mg/kg 1.1E-07 mg/kg-day -- -- -- 9.9E-07 mg/kg-day 5.0E-03 mg/kg-day 2.0E-04
Vanadium 1.4E+02 mg/kg 1.5E-05 mg/kg-day -- -- -- 1.4E-04 mg/kg-day 5.0E-03 mg/kg-day 2.7E-02
Zinc 2.1E+02 mg/kg 2.3E-05 mg/kg-day -- -- -- 2.0E-04 mg/kg-day 3.0E-01 mg/kg-day 6.7E-04
2,4'-DDD 1.2E-04 mg/kg 1.3E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 3.1E-12 1.1E-10 mg/kg-day 5.0E-04 mg/kg-day 2.3E-07
4,4'-DDD 1.8E-02 mg/kg 1.9E-09 mg/kg-day 2.4E-01 (mg/kg-day)-1 4.6E-10 1.7E-08 mg/kg-day 5.0E-04 mg/kg-day 3.4E-05
4,4'-DDE 7.4E-03 mg/kg 7.9E-10 mg/kg-day 3.4E-01 (mg/kg-day)-1 2.7E-10 7.0E-09 mg/kg-day 5.0E-04 mg/kg-day 1.4E-05
4,4'-DDT 3.6E-03 mg/kg 3.8E-10 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.3E-10 3.4E-09 mg/kg-day 5.0E-04 mg/kg-day 6.8E-06
alpha-Chlordane 2.1E-03 mg/kg 2.3E-10 mg/kg-day 3.5E-01 (mg/kg-day)-1 7.9E-11 2.0E-09 mg/kg-day 5.0E-04 mg/kg-day 4.0E-06
Dieldrin 7.2E-03 mg/kg 7.7E-10 mg/kg-day 1.6E+01 (mg/kg-day)-1 1.2E-08 6.8E-09 mg/kg-day 5.0E-05 mg/kg-day 1.4E-04
gamma-Chlordane 3.3E-03 mg/kg 3.6E-10 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.2E-10 3.2E-09 mg/kg-day 5.0E-04 mg/kg-day 6.3E-06
Heptachlor 2.1E-03 mg/kg 2.3E-10 mg/kg-day 4.5E+00 (mg/kg-day)-1 1.0E-09 2.0E-09 mg/kg-day 5.0E-04 mg/kg-day 4.0E-06
2-Methylnaphthalene 2.2E-02 mg/kg 2.3E-09 mg/kg-day -- -- -- 2.0E-08 mg/kg-day 4.0E-03 mg/kg-day 5.1E-06
Acenaphthene 9.1E-03 mg/kg 9.7E-10 mg/kg-day -- -- -- 8.6E-09 mg/kg-day 6.0E-02 mg/kg-day 1.4E-07
Acenaphthylene 2.0E-02 mg/kg 2.1E-09 mg/kg-day -- -- -- 1.9E-08 mg/kg-day 6.0E-02 mg/kg-day 3.2E-07
Anthracene 1.0E-01 mg/kg 1.1E-08 mg/kg-day -- -- -- 9.6E-08 mg/kg-day 3.0E-01 mg/kg-day 3.2E-07
Fluorene 3.0E-02 mg/kg 3.2E-09 mg/kg-day -- -- -- 2.9E-08 mg/kg-day 4.0E-02 mg/kg-day 7.2E-07
Naphthalene 3.5E-02 mg/kg 3.7E-09 mg/kg-day -- -- -- 3.3E-08 mg/kg-day 2.0E-02 mg/kg-day 1.6E-06
Phenanthrene 2.8E-01 mg/kg 3.0E-08 mg/kg-day -- -- -- 2.6E-07 mg/kg-day 3.0E-01 mg/kg-day 8.8E-07
Benzo(a)anthracene M 2.4E-01 mg/kg 1.1E-07 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.4E-07 2.2E-07 mg/kg-day -- -- --
Benzo(a)pyrene M 3.1E-01 mg/kg 1.5E-07 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.1E-06 3.0E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene M 2.4E-01 mg/kg 1.1E-07 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.4E-07 2.2E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 2.7E-01 mg/kg 2.9E-08 mg/kg-day -- -- -- 2.6E-07 mg/kg-day 3.0E-02 mg/kg-day 8.5E-06
Benzo(k)fluoranthene M 2.4E-01 mg/kg 1.2E-07 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.4E-07 2.3E-07 mg/kg-day -- -- --
Chrysene M 3.2E-01 mg/kg 1.5E-07 mg/kg-day 1.2E-01 (mg/kg-day)-1 1.8E-08 3.0E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene M 4.4E-02 mg/kg 2.1E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.6E-07 4.2E-08 mg/kg-day -- -- --
Fluoranthene 3.9E-01 mg/kg 4.2E-08 mg/kg-day -- -- -- 3.7E-07 mg/kg-day 4.0E-02 mg/kg-day 9.4E-06
Indeno(1,2,3-cd)pyrene 2.5E-01 mg/kg 1.2E-07 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.4E-07 2.3E-07 mg/kg-day -- -- --
Pyrene 4.6E-01 mg/kg 4.9E-08 mg/kg-day -- -- -- 4.4E-07 mg/kg-day 3.0E-02 mg/kg-day 1.5E-05
Monobutyltin 1.2E-03 mg/kg 1.2E-10 mg/kg-day -- -- -- 1.1E-09 mg/kg-day 3.0E-04 mg/kg-day 3.7E-06
Dibutyltin 2.2E-02 mg/kg 2.3E-09 mg/kg-day -- -- -- 2.0E-08 mg/kg-day 3.0E-04 mg/kg-day 6.8E-05
Tributyltin 4.9E-02 mg/kg 5.2E-09 mg/kg-day -- -- -- 4.6E-08 mg/kg-day 3.0E-04 mg/kg-day 1.5E-04
Total PCB Congeners 1.7E+00 mg/kg 1.8E-07 mg/kg-day 2.0E+00 (mg/kg-day)-1 3.6E-07 1.6E-06 mg/kg-day 2.0E-05 mg/kg-day 8.1E-02
Total TEQ – PCB DLC 3.0E-05 mg/kg 3.2E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 4.1E-07 2.8E-11 mg/kg-day 7.0E-10 mg/kg-day 4.0E-02

Exp. Route Total 1.0E-05 3.9E-01

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, South Basin Area X 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
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TABLE A-14A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, South Basin Area X 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Sediment Sediment Sediment Dermal Aluminum 6.8E+04 mg/kg 2.3E-04 mg/kg-day -- -- -- 1.9E-03 mg/kg-day 1.0E+00 mg/kg-day 1.9E-03

Antimony 4.3E+00 mg/kg 1.5E-08 mg/kg-day -- -- -- 1.2E-07 mg/kg-day 6.0E-05 mg/kg-day 2.0E-03
Arsenic 1.1E+01 mg/kg 1.2E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 1.1E-06 9.4E-07 mg/kg-day 3.0E-04 mg/kg-day 3.1E-03
Barium 5.6E+02 mg/kg 1.9E-06 mg/kg-day -- -- -- 1.5E-05 mg/kg-day 1.4E-02 mg/kg-day 1.1E-03
Cadmium 5.2E-01 mg/kg 1.8E-10 mg/kg-day 6.0E+02 (mg/kg-day)-1 1.1E-07 1.4E-09 mg/kg-day 2.5E-05 mg/kg-day 5.7E-05
Chromium 2.5E+02 mg/kg 8.7E-07 mg/kg-day -- -- -- 6.9E-06 mg/kg-day 2.0E-02 mg/kg-day 3.6E-04
Cobalt 1.8E+01 mg/kg 6.2E-08 mg/kg-day -- -- -- 5.0E-07 mg/kg-day 3.0E-04 mg/kg-day 1.7E-03
Copper 1.5E+02 mg/kg 5.1E-07 mg/kg-day -- -- -- 4.1E-06 mg/kg-day 4.0E-02 mg/kg-day 1.0E-04
Iron 4.3E+04 mg/kg 1.5E-04 mg/kg-day -- -- -- 1.2E-03 mg/kg-day 7.0E-01 mg/kg-day 1.7E-03
Lead 9.8E+01 mg/kg 3.4E-07 mg/kg-day -- -- -- 2.7E-06 mg/kg-day -- -- --
Manganese 4.5E+02 mg/kg 1.6E-06 mg/kg-day -- -- -- 1.2E-05 mg/kg-day 1.4E-01 mg/kg-day 8.9E-05
Mercury 8.2E-01 mg/kg 2.8E-09 mg/kg-day -- -- -- 2.3E-08 mg/kg-day 1.0E-04 mg/kg-day 2.3E-04
Molybdenum 1.2E+00 mg/kg 4.2E-09 mg/kg-day -- -- -- 3.4E-08 mg/kg-day 5.0E-03 mg/kg-day 6.8E-06
Nickel 1.2E+02 mg/kg 4.3E-07 mg/kg-day -- -- -- 3.4E-06 mg/kg-day 8.0E-04 mg/kg-day 4.3E-03
Selenium 3.6E-01 mg/kg 1.2E-09 mg/kg-day -- -- -- 9.9E-09 mg/kg-day 5.0E-03 mg/kg-day 2.0E-06
Silver 1.0E+00 mg/kg 3.6E-09 mg/kg-day -- -- -- 2.9E-08 mg/kg-day 2.0E-04 mg/kg-day 1.4E-04
Vanadium 1.4E+02 mg/kg 4.9E-07 mg/kg-day -- -- -- 3.9E-06 mg/kg-day 1.3E-04 mg/kg-day 3.0E-02
Zinc 2.1E+02 mg/kg 7.3E-07 mg/kg-day -- -- -- 5.9E-06 mg/kg-day 3.0E-01 mg/kg-day 2.0E-05
2,4'-DDD 1.2E-04 mg/kg 2.1E-12 mg/kg-day 2.4E-01 (mg/kg-day)-1 4.9E-13 1.7E-11 mg/kg-day 5.0E-04 mg/kg-day 3.3E-08
4,4'-DDD 1.8E-02 mg/kg 3.1E-10 mg/kg-day 2.4E-01 (mg/kg-day)-1 7.5E-11 2.5E-09 mg/kg-day 5.0E-04 mg/kg-day 5.0E-06
4,4'-DDE 7.4E-03 mg/kg 1.3E-10 mg/kg-day 3.4E-01 (mg/kg-day)-1 4.3E-11 1.0E-09 mg/kg-day 5.0E-04 mg/kg-day 2.0E-06
4,4'-DDT 3.6E-03 mg/kg 6.2E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 2.1E-11 4.9E-10 mg/kg-day 5.0E-04 mg/kg-day 9.9E-07
alpha-Chlordane 2.1E-03 mg/kg 3.6E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.3E-11 2.9E-10 mg/kg-day 5.0E-04 mg/kg-day 5.8E-07
Dieldrin 7.2E-03 mg/kg 2.5E-10 mg/kg-day 1.6E+01 (mg/kg-day)-1 3.9E-09 2.0E-09 mg/kg-day 5.0E-05 mg/kg-day 4.0E-05
gamma-Chlordane 3.3E-03 mg/kg 5.7E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.0E-11 4.6E-10 mg/kg-day 5.0E-04 mg/kg-day 9.2E-07
Heptachlor 2.1E-03 mg/kg 7.3E-11 mg/kg-day 4.5E+00 (mg/kg-day)-1 3.3E-10 5.9E-10 mg/kg-day 5.0E-04 mg/kg-day 1.2E-06
2-Methylnaphthalene 2.2E-02 mg/kg 1.1E-09 mg/kg-day -- -- -- 8.9E-09 mg/kg-day 4.0E-03 mg/kg-day 2.2E-06
Acenaphthene 9.1E-03 mg/kg 4.7E-10 mg/kg-day -- -- -- 3.8E-09 mg/kg-day 6.0E-02 mg/kg-day 6.3E-08
Acenaphthylene 2.0E-02 mg/kg 1.0E-09 mg/kg-day -- -- -- 8.2E-09 mg/kg-day 6.0E-02 mg/kg-day 1.4E-07
Anthracene 1.0E-01 mg/kg 5.2E-09 mg/kg-day -- -- -- 4.2E-08 mg/kg-day 3.0E-01 mg/kg-day 1.4E-07
Fluorene 3.0E-02 mg/kg 1.6E-09 mg/kg-day -- -- -- 1.3E-08 mg/kg-day 4.0E-02 mg/kg-day 3.1E-07
Naphthalene 3.5E-02 mg/kg 1.8E-09 mg/kg-day -- -- -- 1.4E-08 mg/kg-day 2.0E-02 mg/kg-day 7.1E-07
Phenanthrene 2.8E-01 mg/kg 1.4E-08 mg/kg-day -- -- -- 1.1E-07 mg/kg-day 3.0E-01 mg/kg-day 3.8E-07
Benzo(a)anthracene M 2.4E-01 mg/kg 5.2E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 6.3E-08 9.8E-08 mg/kg-day -- -- --
Benzo(a)pyrene M 3.1E-01 mg/kg 6.9E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 5.1E-07 1.3E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene M 2.4E-01 mg/kg 5.2E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 6.3E-08 9.8E-08 mg/kg-day -- -- --
Benzo(g,h,i)perylene 2.7E-01 mg/kg 1.4E-08 mg/kg-day -- -- -- 1.1E-07 mg/kg-day 3.0E-02 mg/kg-day 3.7E-06
Benzo(k)fluoranthene M 2.4E-01 mg/kg 5.4E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 6.5E-08 1.0E-07 mg/kg-day -- -- --
Chrysene M 3.2E-01 mg/kg 7.0E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 8.4E-09 1.3E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene M 4.4E-02 mg/kg 9.8E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 7.1E-08 1.8E-08 mg/kg-day -- -- --
Fluoranthene 3.9E-01 mg/kg 2.0E-08 mg/kg-day -- -- -- 1.6E-07 mg/kg-day 4.0E-02 mg/kg-day 4.1E-06
Indeno(1,2,3-cd)pyrene M 2.5E-01 mg/kg 5.5E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 6.6E-08 1.0E-07 mg/kg-day -- -- --
Pyrene 4.6E-01 mg/kg 2.4E-08 mg/kg-day -- -- -- 1.9E-07 mg/kg-day 3.0E-02 mg/kg-day 6.4E-06
Monobutyltin 1.2E-03 mg/kg 4.0E-11 mg/kg-day -- -- -- 3.2E-10 mg/kg-day 3.0E-04 mg/kg-day 1.1E-06
Dibutyltin 2.2E-02 mg/kg 7.4E-10 mg/kg-day -- -- -- 5.9E-09 mg/kg-day 3.0E-04 mg/kg-day 2.0E-05
Tributyltin 4.9E-02 mg/kg 1.7E-09 mg/kg-day -- -- -- 1.3E-08 mg/kg-day 3.0E-04 mg/kg-day 4.5E-05
Total PCB Congeners 1.7E+00 mg/kg 8.7E-08 mg/kg-day 2.0E+00 (mg/kg-day)-1 1.7E-07 7.0E-07 mg/kg-day 2.0E-05 mg/kg-day 3.5E-02
Total TEQ – PCB DLC 3.0E-05 mg/kg 3.1E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 4.0E-08 2.5E-12 mg/kg-day 7.0E-10 mg/kg-day 3.5E-03

Exp. Route Total 2.3E-06 8.6E-02
Exposure Point Total 1.3E-05 4.7E-01

Exposure Medium Total 1.3E-05 4.7E-01
Medium Total 1.3E-05 4.7E-01

KCH-2622-0005-0138 Page 2 of 4



TABLE A-14A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, South Basin Area X 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Macomaa Macoma Macoma Ingestion Aluminum 2.9E+02 mg/kg 2.2E-03 mg/kg-day -- -- -- 7.7E-03 mg/kg-day 1.0E+00 mg/kg-day 7.7E-03

Antimony 8.4E-02 mg/kg 6.4E-07 mg/kg-day -- -- -- 2.2E-06 mg/kg-day 4.0E-04 mg/kg-day 5.6E-03
Arsenic 3.4E+00 mg/kg 2.6E-05 mg/kg-day 9.5E+00 (mg/kg-day)-1 2.5E-04 9.1E-05 mg/kg-day 3.0E-04 mg/kg-day 3.0E-01
Barium 3.0E+00 mg/kg 2.3E-05 mg/kg-day -- -- -- 8.1E-05 mg/kg-day 2.0E-01 mg/kg-day 4.0E-04
Cadmium 5.0E-02 mg/kg 3.8E-07 mg/kg-day 1.5E+01 (mg/kg-day)-1 5.7E-06 1.3E-06 mg/kg-day 1.0E-03 mg/kg-day 1.3E-03
Chromium 2.0E+00 mg/kg 1.5E-05 mg/kg-day -- -- -- 5.3E-05 mg/kg-day 1.5E+00 mg/kg-day 3.5E-05
Cobalt 3.5E-01 mg/kg 2.7E-06 mg/kg-day -- -- -- 9.4E-06 mg/kg-day 3.0E-04 mg/kg-day 3.1E-02
Copper 3.4E+00 mg/kg 2.6E-05 mg/kg-day -- -- -- 9.2E-05 mg/kg-day 4.0E-02 mg/kg-day 2.3E-03
Iron 3.8E+02 mg/kg 2.9E-03 mg/kg-day -- -- -- 1.0E-02 mg/kg-day 7.0E-01 mg/kg-day 1.5E-02
Lead 1.3E+00 mg/kg 1.0E-05 mg/kg-day -- -- -- 3.5E-05 mg/kg-day -- -- --
Manganese 4.4E+00 mg/kg 3.3E-05 mg/kg-day -- -- -- 1.2E-04 mg/kg-day 1.4E-01 mg/kg-day 8.3E-04
Mercury 2.5E-02 mg/kg 1.9E-07 mg/kg-day -- -- -- 6.5E-07 mg/kg-day 1.0E-04 mg/kg-day 6.5E-03
Molybdenum 4.6E-01 mg/kg 3.5E-06 mg/kg-day -- -- -- 1.2E-05 mg/kg-day 5.0E-03 mg/kg-day 2.4E-03
Nickel 1.3E+00 mg/kg 1.0E-05 mg/kg-day -- -- -- 3.6E-05 mg/kg-day 2.0E-02 mg/kg-day 1.8E-03
Selenium 7.5E-01 mg/kg 5.7E-06 mg/kg-day -- -- -- 2.0E-05 mg/kg-day 5.0E-03 mg/kg-day 4.0E-03
Silver 2.5E-02 mg/kg 1.9E-07 mg/kg-day -- -- -- 6.6E-07 mg/kg-day 5.0E-03 mg/kg-day 1.3E-04
Vanadium 1.2E+00 mg/kg 9.2E-06 mg/kg-day -- -- -- 3.2E-05 mg/kg-day 5.0E-03 mg/kg-day 6.4E-03
Zinc 1.8E+01 mg/kg 1.4E-04 mg/kg-day -- -- -- 4.9E-04 mg/kg-day 3.0E-01 mg/kg-day 1.6E-03
4,4'-DDD 1.9E-03 mg/kg 1.4E-08 mg/kg-day 2.4E-01 (mg/kg-day)-1 3.4E-09 5.0E-08 mg/kg-day 5.0E-04 mg/kg-day 9.9E-05
4,4'-DDE 6.1E-03 mg/kg 4.6E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.6E-08 1.6E-07 mg/kg-day 5.0E-04 mg/kg-day 3.2E-04
4,4'-DDT 1.3E-04 mg/kg 1.0E-09 mg/kg-day 3.4E-01 (mg/kg-day)-1 3.4E-10 3.5E-09 mg/kg-day 5.0E-04 mg/kg-day 7.0E-06
alpha-Chlordane 1.1E-03 mg/kg 8.2E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.9E-09 2.9E-08 mg/kg-day 5.0E-04 mg/kg-day 5.8E-05
Dieldrin 1.8E-03 mg/kg 1.4E-08 mg/kg-day 1.6E+01 (mg/kg-day)-1 2.2E-07 4.8E-08 mg/kg-day 5.0E-05 mg/kg-day 9.7E-04
gamma-Chlordane 1.5E-03 mg/kg 1.2E-08 mg/kg-day 3.5E-01 (mg/kg-day)-1 4.0E-09 4.0E-08 mg/kg-day 5.0E-04 mg/kg-day 8.1E-05
2-Methylnaphthalene 3.3E-04 mg/kg 2.5E-09 mg/kg-day -- -- -- 8.8E-09 mg/kg-day 4.0E-03 mg/kg-day 2.2E-06
Acenaphthene 3.3E-04 mg/kg 2.5E-09 mg/kg-day -- -- -- 8.7E-09 mg/kg-day 6.0E-02 mg/kg-day 1.5E-07
Acenaphthylene 4.9E-04 mg/kg 3.7E-09 mg/kg-day -- -- -- 1.3E-08 mg/kg-day 6.0E-02 mg/kg-day 2.2E-07
Anthracene 1.9E-03 mg/kg 1.5E-08 mg/kg-day -- -- -- 5.1E-08 mg/kg-day 3.0E-01 mg/kg-day 1.7E-07
Fluorene 3.7E-04 mg/kg 2.8E-09 mg/kg-day -- -- -- 9.8E-09 mg/kg-day 4.0E-02 mg/kg-day 2.5E-07
Naphthalene 2.0E-03 mg/kg 1.5E-08 mg/kg-day -- -- -- 5.3E-08 mg/kg-day 2.0E-02 mg/kg-day 2.6E-06
Phenanthrene 3.9E-03 mg/kg 3.0E-08 mg/kg-day -- -- -- 1.0E-07 mg/kg-day 3.0E-01 mg/kg-day 3.5E-07
Benzo(a)anthracene 5.3E-03 mg/kg 4.0E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 4.8E-08 1.4E-07 mg/kg-day -- -- --
Benzo(a)pyrene 7.8E-03 mg/kg 6.0E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 4.3E-07 2.1E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene 8.9E-03 mg/kg 6.8E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 8.1E-08 2.4E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 5.4E-03 mg/kg 4.1E-08 mg/kg-day -- -- -- 1.4E-07 mg/kg-day 3.0E-02 mg/kg-day 4.8E-06
Benzo(k)fluoranthene 1.2E-02 mg/kg 8.8E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.1E-07 3.1E-07 mg/kg-day -- -- --
Chrysene 8.8E-03 mg/kg 6.7E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 8.0E-09 2.3E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene 5.4E-04 mg/kg 4.1E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 3.0E-08 1.4E-08 mg/kg-day -- -- --
Fluoranthene 2.4E-02 mg/kg 1.8E-07 mg/kg-day -- -- -- 6.3E-07 mg/kg-day 4.0E-02 mg/kg-day 1.6E-05
Indeno(1,2,3-cd)pyrene 3.7E-03 mg/kg 2.8E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 3.3E-08 9.7E-08 mg/kg-day -- -- --
Pyrene 3.0E-02 mg/kg 2.3E-07 mg/kg-day -- -- -- 8.0E-07 mg/kg-day 3.0E-02 mg/kg-day 2.7E-05
Dibutyltin 2.5E-03 mg/kg 1.9E-08 mg/kg-day -- -- -- 6.5E-08 mg/kg-day 3.0E-04 mg/kg-day 2.2E-04
Tributyltin 1.2E-02 mg/kg 9.3E-08 mg/kg-day -- -- -- 3.2E-07 mg/kg-day 3.0E-04 mg/kg-day 1.1E-03
Total PCB Congeners 3.3E-01 mg/kg 2.5E-06 mg/kg-day 2.0E+00 (mg/kg-day)-1 5.0E-06 8.8E-06 mg/kg-day 2.0E-05 mg/kg-day 4.4E-01
Total TEQ – PCB DLC 7.7E-06 mg/kg 5.8E-11 mg/kg-day 1.3E+05 (mg/kg-day)-1 7.6E-06 2.0E-10 mg/kg-day 7.0E-10 mg/kg-day 2.9E-01
Total TEQ – TCDD DLC 8.8E-07 mg/kg 6.7E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 8.7E-07 2.3E-11 mg/kg-day 7.0E-10 mg/kg-day 3.3E-02

Exp. Route Total 2.7E-04 1.2E+00
Exposure Point Total 2.7E-04 1.2E+00

Exposure Medium Total 2.7E-04 1.2E+00
Medium Total 2.7E-04 1.2E+00

Total of Receptor Risks across All Media 2.8E-04 Total of Receptor Hazards across All Media 1.6E+00
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TABLE A-14A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, South Basin Area X 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Notes:

Acronyms/Abbreviations:
-- = not available or not applicable (mg/kg-day)-1 = 1/(milligram[s] per kilogram per day)
CSF = cancer slope factor mg/kg = milligram(s) per kilogram
DDD = dichlorodiphenyldichloroethane mg/kg-day = milligram(s) per kilogram per day
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl
DDT = dichlorodiphenyltrichloroethane RfC = reference concentration
EPC = exposure point concentration RfD = reference dose
Exp. = exposure RME = reasonable maximum exposure
M = lifetime exposure from birth, mutagenic endpoint TCDD = tetrachlorodibenzo-p-dioxin

a Macoma ingestion risks are evaluated for the adult receptor only.
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TABLE A-14B

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Aluminum -- -- -- -- 6.5E-02 -- 1.9E-03 6.7E-02

Antimony -- -- -- -- 1.0E-02 -- 2.0E-03 1.2E-02
Arsenic 6.9E-06 -- 1.1E-06 8.1E-06 2.2E-02 -- 3.1E-03 2.5E-02
Barium -- -- -- -- 2.6E-03 -- 1.1E-03 3.7E-03
Cadmium 8.3E-07 -- 1.1E-07 9.3E-07 4.9E-04 -- 5.7E-05 5.5E-04
Chromium -- -- -- -- 1.6E-04 -- 3.6E-04 5.2E-04
Cobalt -- -- -- -- 5.7E-02 -- 1.7E-03 5.9E-02
Copper -- -- -- -- 3.5E-03 -- 1.0E-04 3.6E-03
Iron -- -- -- -- 5.9E-02 -- 1.7E-03 6.1E-02
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 3.1E-03 -- 8.9E-05 3.2E-03
Mercury -- -- -- -- 7.8E-03 -- 2.3E-04 8.0E-03
Molybdenum -- -- -- -- 2.3E-04 -- 6.8E-06 2.4E-04
Nickel -- -- -- -- 5.9E-03 -- 4.3E-03 1.0E-02
Selenium -- -- -- -- 6.8E-05 -- 2.0E-06 7.0E-05
Silver -- -- -- -- 2.0E-04 -- 1.4E-04 3.4E-04
Vanadium -- -- -- -- 2.7E-02 -- 3.0E-02 5.7E-02
Zinc -- -- -- -- 6.7E-04 -- 2.0E-05 6.9E-04
2,4'-DDD 3.1E-12 -- 4.9E-13 3.6E-12 2.3E-07 -- 3.3E-08 2.6E-07
4,4'-DDD 4.6E-10 -- 7.5E-11 5.4E-10 3.4E-05 -- 5.0E-06 3.9E-05
4,4'-DDE 2.7E-10 -- 4.3E-11 3.1E-10 1.4E-05 -- 2.0E-06 1.6E-05
4,4'-DDT 1.3E-10 -- 2.1E-11 1.5E-10 6.8E-06 -- 9.9E-07 7.8E-06
alpha-Chlordane 7.9E-11 -- 1.3E-11 9.2E-11 4.0E-06 -- 5.8E-07 4.6E-06
Dieldrin 1.2E-08 -- 3.9E-09 1.6E-08 1.4E-04 -- 4.0E-05 1.8E-04
gamma-Chlordane 1.2E-10 -- 2.0E-11 1.4E-10 6.3E-06 -- 9.2E-07 7.2E-06
Heptachlor 1.0E-09 -- 3.3E-10 1.4E-09 4.0E-06 -- 1.2E-06 5.2E-06
2-Methylnaphthalene -- -- -- -- 5.1E-06 -- 2.2E-06 7.3E-06
Acenaphthene -- -- -- -- 1.4E-07 -- 6.3E-08 2.1E-07
Acenaphthylene -- -- -- -- 3.2E-07 -- 1.4E-07 4.5E-07
Anthracene -- -- -- -- 3.2E-07 -- 1.4E-07 4.6E-07
Fluorene -- -- -- -- 7.2E-07 -- 3.1E-07 1.0E-06
Naphthalene -- -- -- -- 1.6E-06 -- 7.1E-07 2.4E-06
Phenanthrene -- -- -- -- 8.8E-07 -- 3.8E-07 1.3E-06
Benzo(a)anthracene 1.4E-07 -- 6.3E-08 2.0E-07 -- -- -- --
Benzo(a)pyrene 1.1E-06 -- 5.1E-07 1.6E-06 -- -- -- --
Benzo(b)fluoranthene 1.4E-07 -- 6.3E-08 2.0E-07 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 8.5E-06 -- 3.7E-06 1.2E-05
Benzo(k)fluoranthene 1.4E-07 -- 6.5E-08 2.1E-07 -- -- -- --
Chrysene 1.8E-08 -- 8.4E-09 2.7E-08 -- -- -- --
Dibenz(a,h)anthracene 1.6E-07 -- 7.1E-08 2.3E-07 -- -- -- --
Fluoranthene -- -- -- -- 9.4E-06 -- 4.1E-06 1.3E-05
Indeno(1,2,3-cd)pyrene 1.4E-07 -- 6.6E-08 2.1E-07 -- -- -- --
Pyrene -- -- -- -- 1.5E-05 -- 6.4E-06 2.1E-05
Monobutyltin -- -- -- -- 3.7E-06 -- 1.1E-06 4.7E-06
Dibutyltin -- -- -- -- 6.8E-05 -- 2.0E-05 8.8E-05
Tributyltin -- -- -- -- 1.5E-04 -- 4.5E-05 2.0E-04
Total PCB Congeners 3.6E-07 -- 1.7E-07 5.4E-07 8.1E-02 -- 3.5E-02 1.2E-01
Total TEQ – PCB DLC 4.1E-07 -- 4.0E-08 4.5E-07 4.0E-02 -- 3.5E-03 4.4E-02
Chemical Total 1.0E-05 -- 2.3E-06 1.3E-05 3.9E-01 -- 8.6E-02 4.7E-01

Exposure Point Total 1.3E-05 4.7E-01
Exposure Medium Total 1.3E-05 4.7E-01

Medium Total 1.3E-05 4.7E-01

Summary of Receptor Risks and Hazards - Adult and Child Recreational User, South Basin Area X 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-14B

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total

Summary of Receptor Risks and Hazards - Adult and Child Recreational User, South Basin Area X 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Macoma Macoma Macoma Aluminum -- -- -- -- 7.7E-03 -- -- 7.7E-03
(ingestion) Antimony -- -- -- -- 5.6E-03 -- -- 5.6E-03

Arsenic 2.5E-04 -- -- 2.5E-04 3.0E-01 -- -- 3.0E-01
Barium -- -- -- -- 4.0E-04 -- -- 4.0E-04
Cadmium 5.7E-06 -- -- 5.7E-06 1.3E-03 -- -- 1.3E-03
Chromium -- -- -- -- 3.5E-05 -- -- 3.5E-05
Cobalt -- -- -- -- 3.1E-02 -- -- 3.1E-02
Copper -- -- -- -- 2.3E-03 -- -- 2.3E-03
Iron -- -- -- -- 1.5E-02 -- -- 1.5E-02
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 8.3E-04 -- -- 8.3E-04
Mercury -- -- -- -- 6.5E-03 -- -- 6.5E-03
Molybdenum -- -- -- -- 2.4E-03 -- -- 2.4E-03
Nickel -- -- -- -- 1.8E-03 -- -- 1.8E-03
Selenium -- -- -- -- 4.0E-03 -- -- 4.0E-03
Silver -- -- -- -- 1.3E-04 -- -- 1.3E-04
Vanadium -- -- -- -- 6.4E-03 -- -- 6.4E-03
Zinc -- -- -- -- 1.6E-03 -- -- 1.6E-03
4,4'-DDD 3.4E-09 -- -- 3.4E-09 9.9E-05 -- -- 9.9E-05
4,4'-DDE 1.6E-08 -- -- 1.6E-08 3.2E-04 -- -- 3.2E-04
4,4'-DDT 3.4E-10 -- -- 3.4E-10 7.0E-06 -- -- 7.0E-06
alpha-Chlordane 2.9E-09 -- -- 2.9E-09 5.8E-05 -- -- 5.8E-05
Dieldrin 2.2E-07 -- -- 2.2E-07 9.7E-04 -- -- 9.7E-04
gamma-Chlordane 4.0E-09 -- -- 4.0E-09 8.1E-05 -- -- 8.1E-05
2-Methylnaphthalene -- -- -- -- 2.2E-06 -- -- 2.2E-06
Acenaphthene -- -- -- -- 1.5E-07 -- -- 1.5E-07
Acenaphthylene -- -- -- -- 2.2E-07 -- -- 2.2E-07
Anthracene -- -- -- -- 1.7E-07 -- -- 1.7E-07
Fluorene -- -- -- -- 2.5E-07 -- -- 2.5E-07
Naphthalene -- -- -- -- 2.6E-06 -- -- 2.6E-06
Phenanthrene -- -- -- -- 3.5E-07 -- -- 3.5E-07
Benzo(a)anthracene 4.8E-08 -- -- 4.8E-08 -- -- -- --
Benzo(a)pyrene 4.3E-07 -- -- 4.3E-07 -- -- -- --
Benzo(b)fluoranthene 8.1E-08 -- -- 8.1E-08 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 4.8E-06 -- -- 4.8E-06
Benzo(k)fluoranthene 1.1E-07 -- -- 1.1E-07 -- -- -- --
Chrysene 8.0E-09 -- -- 8.0E-09 -- -- -- --
Dibenz(a,h)anthracene 3.0E-08 -- -- 3.0E-08 -- -- -- --
Fluoranthene -- -- -- -- 1.6E-05 -- -- 1.6E-05
Indeno(1,2,3-cd)pyrene 3.3E-08 -- -- 3.3E-08 -- -- -- --
Pyrene -- -- -- -- 2.7E-05 -- -- 2.7E-05
Dibutyltin -- -- -- -- 2.2E-04 -- -- 2.2E-04
Tributyltin -- -- -- -- 1.1E-03 -- -- 1.1E-03
Total PCB Congeners 5.0E-06 -- -- 5.0E-06 4.4E-01 -- -- 4.4E-01
Total TEQ – PCB DLC 7.6E-06 -- -- 7.6E-06 2.9E-01 -- -- 2.9E-01
Total TEQ – TCDD DLC 8.7E-07 -- -- 8.7E-07 3.3E-02 -- -- 3.3E-02
Chemical Total 2.7E-04 -- -- 2.7E-04 1.2E+00 -- -- 1.2E+00

Exposure Point Total 2.7E-04 1.2E+00
Exposure Medium Total 2.7E-04 1.2E+00

Medium Total 2.7E-04 1.2E+00
Receptor Total Total Risk across All Media 2.8E-04 Total Hazard across All Media 1.6E+00
Acronyms/Abbreviations:

-- = not available or not applicable DDT = dichlorodiphenyltrichloroethane
DDD = dichlorodiphenyldichloroethane PCB = polychlorinated biphenyl
DDE = dichlorodiphenyldichloroethylene TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-14C

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment BAP (EQ)* 1.5E-06 -- 7.7E-07 2.3E-06 -- -- -- --

(Oral/Dermal) Arsenic 6.9E-06 -- 1.1E-06 8.1E-06 2.2E-02 -- 3.1E-03 2.5E-02
Total PCB Congeners 3.6E-07 -- 1.7E-07 5.4E-07 8.1E-02 -- 3.5E-02 1.2E-01

Chemical Total 8.5E-06 -- 1.9E-06 1.0E-05 2.2E-02 -- 3.1E-03 2.5E-02
Exposure Point Total 1.0E-05 2.5E-02

Exposure Medium Total 1.0E-05 2.5E-02
Medium Total 1.0E-05 2.5E-02

Macoma Macoma Macoma Arsenic 2.5E-04 -- -- 2.5E-04 3.0E-01 -- -- 3.0E-01
(Oral) Cadmium 5.7E-06 -- -- 5.7E-06 1.3E-03 -- -- 1.3E-03

Total PCB Congeners 5.0E-06 -- -- 5.0E-06 4.4E-01 -- -- 4.4E-01
Total TEQ – PCB DLC 7.6E-06 -- -- 7.6E-06 2.9E-01 -- -- 2.9E-01
Total TEQ – TCDD DLC 8.7E-07 -- -- 8.7E-07 3.3E-02 -- -- 3.3E-02

Chemical Total 2.7E-04 -- -- 2.7E-04 1.1E+00 -- -- 1.1E+00
Exposure Point Total 2.7E-04 1.1E+00

Exposure Medium Total 2.7E-04 1.1E+00
Medium Total 2.7E-04 1.1E+00
Receptor Total Total Risk across All Media 2.8E-04 Total Hazard across All Media 1.1E+00

Notes:
*

Acronyms/Abbreviations:
-- = not available or not applicable PAH = polycyclic aromatic hydrocarbon 
BAP (EQ) = benzo(a)pyrene equivalent PCB = polychlorinated biphenyl

Risk for benzo(a)pyrene equivalent (BAP [EQ]) is calculated by summing the risks for each of the individual potentially carcinogenic PAHs: benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, 
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene.

Summary of Risk Drivers - Adult and Child Recreational User, South Basin Area X
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-15A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Sediment Sediment Sediment Ingestion Aluminum 6.8E+04 mg/kg 2.8E-03 mg/kg-day -- -- -- 1.9E-01 mg/kg-day 1.0E+00 mg/kg-day 1.9E-01
Antimony 4.3E+00 mg/kg 1.7E-07 mg/kg-day -- -- -- 1.2E-05 mg/kg-day 4.0E-04 mg/kg-day 3.0E-02
Arsenic 1.1E+01 mg/kg 2.8E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 2.6E-06 1.9E-05 mg/kg-day 3.0E-04 mg/kg-day 6.4E-02
Barium 5.6E+02 mg/kg 2.2E-05 mg/kg-day -- -- -- 1.6E-03 mg/kg-day 2.0E-01 mg/kg-day 7.9E-03
Cadmium 5.2E-01 mg/kg 2.1E-08 mg/kg-day 1.5E+01 (mg/kg-day)-1 3.1E-07 1.5E-06 mg/kg-day 1.0E-03 mg/kg-day 1.5E-03
Chromium 2.5E+02 mg/kg 1.0E-05 mg/kg-day -- -- -- 7.1E-04 mg/kg-day 1.5E+00 mg/kg-day 4.7E-04
Cobalt 1.8E+01 mg/kg 7.3E-07 mg/kg-day -- -- -- 5.1E-05 mg/kg-day 3.0E-04 mg/kg-day 1.7E-01
Copper 1.5E+02 mg/kg 6.0E-06 mg/kg-day -- -- -- 4.2E-04 mg/kg-day 4.0E-02 mg/kg-day 1.1E-02
Iron 4.3E+04 mg/kg 1.8E-03 mg/kg-day -- -- -- 1.2E-01 mg/kg-day 7.0E-01 mg/kg-day 1.8E-01
Lead 9.8E+01 mg/kg 4.0E-06 mg/kg-day -- -- -- 2.8E-04 mg/kg-day -- -- --
Manganese 4.5E+02 mg/kg 1.8E-05 mg/kg-day -- -- -- 1.3E-03 mg/kg-day 1.4E-01 mg/kg-day 9.1E-03
Mercury 8.2E-01 mg/kg 3.3E-08 mg/kg-day -- -- -- 2.3E-06 mg/kg-day 1.0E-04 mg/kg-day 2.3E-02
Molybdenum 1.2E+00 mg/kg 5.0E-08 mg/kg-day -- -- -- 3.5E-06 mg/kg-day 5.0E-03 mg/kg-day 6.9E-04
Nickel 1.2E+02 mg/kg 5.0E-06 mg/kg-day -- -- -- 3.5E-04 mg/kg-day 2.0E-02 mg/kg-day 1.8E-02
Selenium 3.6E-01 mg/kg 1.4E-08 mg/kg-day -- -- -- 1.0E-06 mg/kg-day 5.0E-03 mg/kg-day 2.0E-04
Silver 1.0E+00 mg/kg 4.2E-08 mg/kg-day -- -- -- 2.9E-06 mg/kg-day 5.0E-03 mg/kg-day 5.9E-04
Vanadium 1.4E+02 mg/kg 5.7E-06 mg/kg-day -- -- -- 4.0E-04 mg/kg-day 5.0E-03 mg/kg-day 8.0E-02
Zinc 2.1E+02 mg/kg 8.6E-06 mg/kg-day -- -- -- 6.0E-04 mg/kg-day 3.0E-01 mg/kg-day 2.0E-03
2,4'-DDD 1.2E-04 mg/kg 4.8E-12 mg/kg-day 2.4E-01 (mg/kg-day)-1 1.2E-12 3.4E-10 mg/kg-day 5.0E-04 mg/kg-day 6.8E-07
4,4'-DDD 1.8E-02 mg/kg 7.3E-10 mg/kg-day 2.4E-01 (mg/kg-day)-1 1.8E-10 5.1E-08 mg/kg-day 5.0E-04 mg/kg-day 1.0E-04
4,4'-DDE 7.4E-03 mg/kg 3.0E-10 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.0E-10 2.1E-08 mg/kg-day 5.0E-04 mg/kg-day 4.2E-05
4,4'-DDT 3.6E-03 mg/kg 1.4E-10 mg/kg-day 3.4E-01 (mg/kg-day)-1 4.9E-11 1.0E-08 mg/kg-day 5.0E-04 mg/kg-day 2.0E-05
alpha-Chlordane 2.1E-03 mg/kg 8.6E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.0E-11 6.0E-09 mg/kg-day 5.0E-04 mg/kg-day 1.2E-05
Dieldrin 7.2E-03 mg/kg 2.9E-10 mg/kg-day 1.6E+01 (mg/kg-day)-1 4.6E-09 2.0E-08 mg/kg-day 5.0E-05 mg/kg-day 4.1E-04
gamma-Chlordane 3.3E-03 mg/kg 1.3E-10 mg/kg-day 3.5E-01 (mg/kg-day)-1 4.7E-11 9.4E-09 mg/kg-day 5.0E-04 mg/kg-day 1.9E-05
Heptachlor 2.1E-03 mg/kg 8.6E-11 mg/kg-day 4.5E+00 (mg/kg-day)-1 3.9E-10 6.0E-09 mg/kg-day 5.0E-04 mg/kg-day 1.2E-05
2-Methylnaphthalene 2.2E-02 mg/kg 8.7E-10 mg/kg-day -- -- -- 6.1E-08 mg/kg-day 4.0E-03 mg/kg-day 1.5E-05
Acenaphthene 9.1E-03 mg/kg 3.7E-10 mg/kg-day -- -- -- 2.6E-08 mg/kg-day 6.0E-02 mg/kg-day 4.3E-07
Acenaphthylene 2.0E-02 mg/kg 8.0E-10 mg/kg-day -- -- -- 5.6E-08 mg/kg-day 6.0E-02 mg/kg-day 9.4E-07
Anthracene 1.0E-01 mg/kg 4.1E-09 mg/kg-day -- -- -- 2.9E-07 mg/kg-day 3.0E-01 mg/kg-day 9.5E-07
Fluorene 3.0E-02 mg/kg 1.2E-09 mg/kg-day -- -- -- 8.6E-08 mg/kg-day 4.0E-02 mg/kg-day 2.1E-06
Naphthalene 3.5E-02 mg/kg 1.4E-09 mg/kg-day -- -- -- 9.7E-08 mg/kg-day 2.0E-02 mg/kg-day 4.9E-06
Phenanthrene 2.8E-01 mg/kg 1.1E-08 mg/kg-day -- -- -- 7.9E-07 mg/kg-day 3.0E-01 mg/kg-day 2.6E-06
Benzo(a)anthracene 2.4E-01 mg/kg 9.5E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.1E-08 6.7E-07 mg/kg-day -- -- --
Benzo(a)pyrene 3.1E-01 mg/kg 1.3E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 9.3E-08 8.9E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene 2.4E-01 mg/kg 9.5E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.1E-08 6.7E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 2.7E-01 mg/kg 1.1E-08 mg/kg-day -- -- -- 7.6E-07 mg/kg-day 3.0E-02 mg/kg-day 2.5E-05
Benzo(k)fluoranthene 2.4E-01 mg/kg 9.8E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.2E-08 6.9E-07 mg/kg-day -- -- --
Chrysene 3.2E-01 mg/kg 1.3E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 1.5E-09 8.9E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene 4.4E-02 mg/kg 1.8E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.3E-08 1.2E-07 mg/kg-day -- -- --
Fluoranthene 3.9E-01 mg/kg 1.6E-08 mg/kg-day -- -- -- 1.1E-06 mg/kg-day 4.0E-02 mg/kg-day 2.8E-05
Indeno(1,2,3-cd)pyrene 2.5E-01 mg/kg 1.0E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.2E-08 7.0E-07 mg/kg-day -- -- --
Pyrene 4.6E-01 mg/kg 1.9E-08 mg/kg-day -- -- -- 1.3E-06 mg/kg-day 3.0E-02 mg/kg-day 4.4E-05
Monobutyltin 1.2E-03 mg/kg 4.7E-11 mg/kg-day -- -- -- 3.3E-09 mg/kg-day 3.0E-04 mg/kg-day 1.1E-05
Dibutyltin 2.2E-02 mg/kg 8.7E-10 mg/kg-day -- -- -- 6.1E-08 mg/kg-day 3.0E-04 mg/kg-day 2.0E-04
Tributyltin 4.9E-02 mg/kg 2.0E-09 mg/kg-day -- -- -- 1.4E-07 mg/kg-day 3.0E-04 mg/kg-day 4.6E-04
Total PCB Congeners 1.7E+00 mg/kg 6.8E-08 mg/kg-day 2.0E+00 (mg/kg-day)-1 1.4E-07 4.8E-06 mg/kg-day 2.0E-05 mg/kg-day 2.4E-01
Total TEQ – PCB DLC 3.0E-05 mg/kg 1.2E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.6E-07 8.4E-11 mg/kg-day 7.0E-10 mg/kg-day 1.2E-01

Exp. Route Total 3.4E-06 1.1E+00

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, South Basin Area X
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
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TABLE A-15A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, South Basin Area X
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Sediment Sediment Sediment Dermal Aluminum 6.8E+04 mg/kg 4.0E-04 mg/kg-day -- -- -- 2.8E-02 mg/kg-day 1.0E+00 mg/kg-day 2.8E-02

Antimony 4.3E+00 mg/kg 2.5E-08 mg/kg-day -- -- -- 1.8E-06 mg/kg-day 6.0E-05 mg/kg-day 2.9E-02
Arsenic 1.1E+01 mg/kg 2.0E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 1.9E-06 1.4E-05 mg/kg-day 3.0E-04 mg/kg-day 4.7E-02
Barium 5.6E+02 mg/kg 3.3E-06 mg/kg-day -- -- -- 2.3E-04 mg/kg-day 1.4E-02 mg/kg-day 1.6E-02
Cadmium 5.2E-01 mg/kg 3.0E-10 mg/kg-day 6.0E+02 (mg/kg-day)-1 1.8E-07 2.1E-08 mg/kg-day 2.5E-05 mg/kg-day 8.5E-04
Chromium 2.5E+02 mg/kg 1.5E-06 mg/kg-day -- -- -- 1.0E-04 mg/kg-day 2.0E-02 mg/kg-day 5.3E-03
Cobalt 1.8E+01 mg/kg 1.1E-07 mg/kg-day -- -- -- 7.4E-06 mg/kg-day 3.0E-04 mg/kg-day 2.5E-02
Copper 1.5E+02 mg/kg 8.8E-07 mg/kg-day -- -- -- 6.1E-05 mg/kg-day 4.0E-02 mg/kg-day 1.5E-03
Iron 4.3E+04 mg/kg 2.6E-04 mg/kg-day -- -- -- 1.8E-02 mg/kg-day 7.0E-01 mg/kg-day 2.6E-02
Lead 9.8E+01 mg/kg 5.8E-07 mg/kg-day -- -- -- 4.0E-05 mg/kg-day -- -- --
Manganese 4.5E+02 mg/kg 2.7E-06 mg/kg-day -- -- -- 1.9E-04 mg/kg-day 1.4E-01 mg/kg-day 1.3E-03
Mercury 8.2E-01 mg/kg 4.8E-09 mg/kg-day -- -- -- 3.4E-07 mg/kg-day 1.0E-04 mg/kg-day 3.4E-03
Molybdenum 1.2E+00 mg/kg 7.2E-09 mg/kg-day -- -- -- 5.1E-07 mg/kg-day 5.0E-03 mg/kg-day 1.0E-04
Nickel 1.2E+02 mg/kg 7.3E-07 mg/kg-day -- -- -- 5.1E-05 mg/kg-day 8.0E-04 mg/kg-day 6.4E-02
Selenium 3.6E-01 mg/kg 2.1E-09 mg/kg-day -- -- -- 1.5E-07 mg/kg-day 5.0E-03 mg/kg-day 3.0E-05
Silver 1.0E+00 mg/kg 6.2E-09 mg/kg-day -- -- -- 4.3E-07 mg/kg-day 2.0E-04 mg/kg-day 2.2E-03
Vanadium 1.4E+02 mg/kg 8.4E-07 mg/kg-day -- -- -- 5.9E-05 mg/kg-day 1.3E-04 mg/kg-day 4.5E-01
Zinc 2.1E+02 mg/kg 1.3E-06 mg/kg-day -- -- -- 8.8E-05 mg/kg-day 3.0E-01 mg/kg-day 2.9E-04
2,4'-DDD 1.2E-04 mg/kg 3.5E-12 mg/kg-day 2.4E-01 (mg/kg-day)-1 8.5E-13 2.5E-10 mg/kg-day 5.0E-04 mg/kg-day 5.0E-07
4,4'-DDD 1.8E-02 mg/kg 5.3E-10 mg/kg-day 2.4E-01 (mg/kg-day)-1 1.3E-10 3.7E-08 mg/kg-day 5.0E-04 mg/kg-day 7.5E-05
4,4'-DDE 7.4E-03 mg/kg 2.2E-10 mg/kg-day 3.4E-01 (mg/kg-day)-1 7.4E-11 1.5E-08 mg/kg-day 5.0E-04 mg/kg-day 3.1E-05
4,4'-DDT 3.6E-03 mg/kg 1.1E-10 mg/kg-day 3.4E-01 (mg/kg-day)-1 3.6E-11 7.4E-09 mg/kg-day 5.0E-04 mg/kg-day 1.5E-05
alpha-Chlordane 2.1E-03 mg/kg 6.3E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.2E-11 4.4E-09 mg/kg-day 5.0E-04 mg/kg-day 8.8E-06
Dieldrin 7.2E-03 mg/kg 4.2E-10 mg/kg-day 1.6E+01 (mg/kg-day)-1 6.8E-09 3.0E-08 mg/kg-day 5.0E-05 mg/kg-day 5.9E-04
gamma-Chlordane 3.3E-03 mg/kg 9.8E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.4E-11 6.9E-09 mg/kg-day 5.0E-04 mg/kg-day 1.4E-05
Heptachlor 2.1E-03 mg/kg 1.3E-10 mg/kg-day 4.5E+00 (mg/kg-day)-1 5.7E-10 8.8E-09 mg/kg-day 5.0E-04 mg/kg-day 1.8E-05
2-Methylnaphthalene 2.2E-02 mg/kg 1.9E-09 mg/kg-day -- -- -- 1.3E-07 mg/kg-day 4.0E-03 mg/kg-day 3.3E-05
Acenaphthene 9.1E-03 mg/kg 8.1E-10 mg/kg-day -- -- -- 5.6E-08 mg/kg-day 6.0E-02 mg/kg-day 9.4E-07
Acenaphthylene 2.0E-02 mg/kg 1.8E-09 mg/kg-day -- -- -- 1.2E-07 mg/kg-day 6.0E-02 mg/kg-day 2.1E-06
Anthracene 1.0E-01 mg/kg 8.9E-09 mg/kg-day -- -- -- 6.3E-07 mg/kg-day 3.0E-01 mg/kg-day 2.1E-06
Fluorene 3.0E-02 mg/kg 2.7E-09 mg/kg-day -- -- -- 1.9E-07 mg/kg-day 4.0E-02 mg/kg-day 4.7E-06
Naphthalene 3.5E-02 mg/kg 3.1E-09 mg/kg-day -- -- -- 2.1E-07 mg/kg-day 2.0E-02 mg/kg-day 1.1E-05
Phenanthrene 2.8E-01 mg/kg 2.5E-08 mg/kg-day -- -- -- 1.7E-06 mg/kg-day 3.0E-01 mg/kg-day 5.7E-06
Benzo(a)anthracene 2.4E-01 mg/kg 2.1E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.5E-08 1.5E-06 mg/kg-day -- -- --
Benzo(a)pyrene 3.1E-01 mg/kg 2.8E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 2.0E-07 1.9E-06 mg/kg-day -- -- --
Benzo(b)fluoranthene 2.4E-01 mg/kg 2.1E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.5E-08 1.5E-06 mg/kg-day -- -- --
Benzo(g,h,i)perylene 2.7E-01 mg/kg 2.4E-08 mg/kg-day -- -- -- 1.7E-06 mg/kg-day 3.0E-02 mg/kg-day 5.6E-05
Benzo(k)fluoranthene 2.4E-01 mg/kg 2.2E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.6E-08 1.5E-06 mg/kg-day -- -- --
Chrysene 3.2E-01 mg/kg 2.8E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 3.3E-09 2.0E-06 mg/kg-day -- -- --
Dibenz(a,h)anthracene 4.4E-02 mg/kg 3.9E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 2.9E-08 2.7E-07 mg/kg-day -- -- --
Fluoranthene 3.9E-01 mg/kg 3.5E-08 mg/kg-day -- -- -- 2.4E-06 mg/kg-day 4.0E-02 mg/kg-day 6.1E-05
Indeno(1,2,3-cd)pyrene 2.5E-01 mg/kg 2.2E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.6E-08 1.5E-06 mg/kg-day -- -- --
Pyrene 4.6E-01 mg/kg 4.1E-08 mg/kg-day -- -- -- 2.9E-06 mg/kg-day 3.0E-02 mg/kg-day 9.6E-05
Monobutyltin 1.2E-03 mg/kg 6.8E-11 mg/kg-day -- -- -- 4.8E-09 mg/kg-day 3.0E-04 mg/kg-day 1.6E-05
Dibutyltin 2.2E-02 mg/kg 1.3E-09 mg/kg-day -- -- -- 8.9E-08 mg/kg-day 3.0E-04 mg/kg-day 3.0E-04
Tributyltin 4.9E-02 mg/kg 2.9E-09 mg/kg-day -- -- -- 2.0E-07 mg/kg-day 3.0E-04 mg/kg-day 6.7E-04
Total PCB Congeners 1.7E+00 mg/kg 1.5E-07 mg/kg-day 2.0E+00 (mg/kg-day)-1 3.0E-07 1.1E-05 mg/kg-day 2.0E-05 mg/kg-day 5.3E-01
Total TEQ – PCB DLC 3.0E-05 mg/kg 5.3E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 6.9E-08 3.7E-11 mg/kg-day 7.0E-10 mg/kg-day 5.3E-02

Exp. Route Total 2.8E-06 1.3E+00
Exposure Point Total 6.2E-06 2.4E+00

Exposure Medium Total 6.2E-06 2.4E+00
Medium Total 6.2E-06 2.4E+00

Total of Receptor Risks across All Media 6.2E-06 Total of Receptor Hazards across All Media 2.4E+00
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TABLE A-15A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Intake/Exposure 
Concentration Hazard 

Quotient

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, South Basin Area X
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of 
Potential Concern

EPC
Intake/Exposure 
Concentration Cancer 

Risk
Acronyms/Abbreviations:
-- = not available or not applicable (mg/kg-day)- 1/(milligram[s] per kilogram per day)
CSF = cancer slope factor mg/kg = milligram(s) per kilogram
DDD = dichlorodiphenyldichloroethane mg/kg-day = milligram(s) per kilogram per day
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl
DDT = dichlorodiphenyltrichloroethane RfC = reference concentration
EPC = exposure point concentration RfD = reference dose
Exp. = exposure RME = reasonable maximum exposure
M = lifetime exposure from birth, mutagenic endpoint TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-15B

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Aluminum -- -- -- -- 1.9E-01 -- 2.8E-02 2.2E-01

Antimony -- -- -- -- 3.0E-02 -- 2.9E-02 6.0E-02
Arsenic 2.6E-06 -- 1.9E-06 4.5E-06 6.4E-02 -- 4.7E-02 1.1E-01
Barium -- -- -- -- 7.9E-03 -- 1.6E-02 2.4E-02
Cadmium 3.1E-07 -- 1.8E-07 4.9E-07 1.5E-03 -- 8.5E-04 2.3E-03
Chromium -- -- -- -- 4.7E-04 -- 5.3E-03 5.8E-03
Cobalt -- -- -- -- 1.7E-01 -- 2.5E-02 1.9E-01
Copper -- -- -- -- 1.1E-02 -- 1.5E-03 1.2E-02
Iron -- -- -- -- 1.8E-01 -- 2.6E-02 2.0E-01
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 9.1E-03 -- 1.3E-03 1.0E-02
Mercury -- -- -- -- 2.3E-02 -- 3.4E-03 2.7E-02
Molybdenum -- -- -- -- 6.9E-04 -- 1.0E-04 8.0E-04
Nickel -- -- -- -- 1.8E-02 -- 6.4E-02 8.1E-02
Selenium -- -- -- -- 2.0E-04 -- 3.0E-05 2.3E-04
Silver -- -- -- -- 5.9E-04 -- 2.2E-03 2.7E-03
Vanadium -- -- -- -- 8.0E-02 -- 4.5E-01 5.3E-01
Zinc -- -- -- -- 2.0E-03 -- 2.9E-04 2.3E-03
2,4'-DDD 1.2E-12 -- 8.5E-13 2.0E-12 6.8E-07 -- 5.0E-07 1.2E-06
4,4'-DDD 1.8E-10 -- 1.3E-10 3.0E-10 1.0E-04 -- 7.5E-05 1.8E-04
4,4'-DDE 1.0E-10 -- 7.4E-11 1.8E-10 4.2E-05 -- 3.1E-05 7.2E-05
4,4'-DDT 4.9E-11 -- 3.6E-11 8.5E-11 2.0E-05 -- 1.5E-05 3.5E-05
alpha-Chlordane 3.0E-11 -- 2.2E-11 5.2E-11 1.2E-05 -- 8.8E-06 2.1E-05
Dieldrin 4.6E-09 -- 6.8E-09 1.1E-08 4.1E-04 -- 5.9E-04 1.0E-03
gamma-Chlordane 4.7E-11 -- 3.4E-11 8.1E-11 1.9E-05 -- 1.4E-05 3.3E-05
Heptachlor 3.9E-10 -- 5.7E-10 9.5E-10 1.2E-05 -- 1.8E-05 3.0E-05
2-Methylnaphthalene -- -- -- -- 1.5E-05 -- 3.3E-05 4.8E-05
Acenaphthene -- -- -- -- 4.3E-07 -- 9.4E-07 1.4E-06
Acenaphthylene -- -- -- -- 9.4E-07 -- 2.1E-06 3.0E-06
Anthracene -- -- -- -- 9.5E-07 -- 2.1E-06 3.0E-06
Fluorene -- -- -- -- 2.1E-06 -- 4.7E-06 6.8E-06
Naphthalene -- -- -- -- 4.9E-06 -- 1.1E-05 1.6E-05
Phenanthrene -- -- -- -- 2.6E-06 -- 5.7E-06 8.4E-06
Benzo(a)anthracene 1.1E-08 -- 2.5E-08 3.7E-08 -- -- -- --
Benzo(a)pyrene 9.3E-08 -- 2.0E-07 3.0E-07 -- -- -- --
Benzo(b)fluoranthene 1.1E-08 -- 2.5E-08 3.7E-08 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 2.5E-05 -- 5.6E-05 8.1E-05
Benzo(k)fluoranthene 1.2E-08 -- 2.6E-08 3.8E-08 -- -- -- --
Chrysene 1.5E-09 -- 3.3E-09 4.9E-09 -- -- -- --
Dibenz(a,h)anthracene 1.3E-08 -- 2.9E-08 4.1E-08 -- -- -- --
Fluoranthene -- -- -- -- 2.8E-05 -- 6.1E-05 8.9E-05
Indeno(1,2,3-cd)pyrene 1.2E-08 -- 2.6E-08 3.8E-08 -- -- -- --
Pyrene -- -- -- -- 4.4E-05 -- 9.6E-05 1.4E-04
Monobutyltin -- -- -- -- 1.1E-05 -- 1.6E-05 2.7E-05
Dibutyltin -- -- -- -- 2.0E-04 -- 3.0E-04 5.0E-04
Tributyltin -- -- -- -- 4.6E-04 -- 6.7E-04 1.1E-03
Total PCB Congeners 1.4E-07 -- 3.0E-07 4.4E-07 2.4E-01 -- 5.3E-01 7.7E-01
Total TEQ – PCB DLC 1.6E-07 -- 6.9E-08 2.2E-07 1.2E-01 -- 5.3E-02 1.7E-01

Chemical Total 3.4E-06 -- 2.8E-06 6.2E-06 1.1E+00 -- 1.3E+00 2.4E+00
Exposure Point Total 6.2E-06 2.4E+00

Exposure Medium Total 6.2E-06 2.4E+00
Medium Total 6.2E-06 2.4E+00
Receptor Total Total Risk across All Media 6.2E-06 Total Hazard across All Media 2.4E+00

Summary of Receptor Risks and Hazards - Construction Worker, South Basin Area X
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-15B

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total

Summary of Receptor Risks and Hazards - Construction Worker, South Basin Area X
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Acronyms/Abbreviations:
-- = not available or not applicable DDT = dichlorodiphenyltrichloroethane

DDD = dichlorodiphenyldichloroethane PCB = polychlorinated biphenyl
DDE = dichlorodiphenyldichloroethylene TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-15C

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Arsenic 2.6E-06 -- 1.9E-06 4.5E-06 6.4E-02 -- 4.7E-02 1.1E-01

Chemical Total -- -- -- 4.5E-06 -- -- -- 1.1E-01
Exposure Point Total 4.5E-06 1.1E-01

Exposure Medium Total 4.5E-06 1.1E-01
Medium Total 4.5E-06 1.1E-01
Receptor Total Total Risk across All Media 4.5E-06 Total Hazard across All Media 1.1E-01
Acronyms/Abbreviations:

-- = not available or not applicable

Summary of Risk Drivers - Construction Worker, South Basin Area X
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-16A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Sediment Sediment Sediment Ingestion Aluminum 7.6E+04 mg/kg 8.1E-03 mg/kg-day -- -- -- 7.2E-02 mg/kg-day 1.0E+00 mg/kg-day 7.2E-02
Antimony 9.2E-01 mg/kg 9.8E-08 mg/kg-day -- -- -- 8.7E-07 mg/kg-day 4.0E-04 mg/kg-day 2.2E-03
Arsenic 1.2E+01 mg/kg 7.8E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 7.4E-06 6.9E-06 mg/kg-day 3.0E-04 mg/kg-day 2.3E-02
Barium 4.8E+02 mg/kg 5.2E-05 mg/kg-day -- -- -- 4.6E-04 mg/kg-day 2.0E-01 mg/kg-day 2.3E-03
Cadmium 6.4E-01 mg/kg 6.9E-08 mg/kg-day 1.5E+01 (mg/kg-day)-1 1.0E-06 6.1E-07 mg/kg-day 1.0E-03 mg/kg-day 6.1E-04
Chromium 1.8E+02 mg/kg 1.9E-05 mg/kg-day -- -- -- 1.7E-04 mg/kg-day 1.5E+00 mg/kg-day 1.1E-04
Cobalt 2.1E+01 mg/kg 2.3E-06 mg/kg-day -- -- -- 2.0E-05 mg/kg-day 3.0E-04 mg/kg-day 6.8E-02
Copper 4.7E+01 mg/kg 5.0E-06 mg/kg-day -- -- -- 4.5E-05 mg/kg-day 4.0E-02 mg/kg-day 1.1E-03
Iron 4.9E+04 mg/kg 5.3E-03 mg/kg-day -- -- -- 4.7E-02 mg/kg-day 7.0E-01 mg/kg-day 6.7E-02
Lead 2.9E+01 mg/kg 3.1E-06 mg/kg-day -- -- -- 2.7E-05 mg/kg-day -- -- --
Manganese 6.2E+02 mg/kg 6.6E-05 mg/kg-day -- -- -- 5.8E-04 mg/kg-day 1.4E-01 mg/kg-day 4.2E-03
Mercury 3.6E-01 mg/kg 3.9E-08 mg/kg-day -- -- -- 3.5E-07 mg/kg-day 1.0E-04 mg/kg-day 3.5E-03
Molybdenum 8.5E-01 mg/kg 9.1E-08 mg/kg-day -- -- -- 8.1E-07 mg/kg-day 5.0E-03 mg/kg-day 1.6E-04
Nickel 1.0E+02 mg/kg 1.1E-05 mg/kg-day -- -- -- 9.5E-05 mg/kg-day 2.0E-02 mg/kg-day 4.8E-03
Selenium 4.6E-01 mg/kg 4.9E-08 mg/kg-day -- -- -- 4.3E-07 mg/kg-day 5.0E-03 mg/kg-day 8.7E-05
Silver 4.5E-01 mg/kg 4.8E-08 mg/kg-day -- -- -- 4.2E-07 mg/kg-day 5.0E-03 mg/kg-day 8.5E-05
Vanadium 1.6E+02 mg/kg 1.7E-05 mg/kg-day -- -- -- 1.5E-04 mg/kg-day 5.0E-03 mg/kg-day 3.0E-02
Zinc 1.3E+02 mg/kg 1.4E-05 mg/kg-day -- -- -- 1.2E-04 mg/kg-day 3.0E-01 mg/kg-day 4.0E-04
4,4'-DDD 2.4E-03 mg/kg 2.6E-10 mg/kg-day 2.4E-01 (mg/kg-day)-1 6.2E-11 2.3E-09 mg/kg-day 5.0E-04 mg/kg-day 4.6E-06
4,4'-DDE 9.1E-04 mg/kg 9.8E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 3.3E-11 8.7E-10 mg/kg-day 5.0E-04 mg/kg-day 1.7E-06
4,4'-DDT 1.7E-03 mg/kg 1.8E-10 mg/kg-day 3.4E-01 (mg/kg-day)-1 6.0E-11 1.6E-09 mg/kg-day 5.0E-04 mg/kg-day 3.1E-06
alpha-Chlordane 1.2E-04 mg/kg 1.3E-11 mg/kg-day 3.5E-01 (mg/kg-day)-1 4.5E-12 1.1E-10 mg/kg-day 5.0E-04 mg/kg-day 2.3E-07
2-Methylnaphthalene 6.4E-03 mg/kg 6.9E-10 mg/kg-day -- -- -- 6.1E-09 mg/kg-day 4.0E-03 mg/kg-day 1.5E-06
Acenaphthene 1.2E-02 mg/kg 1.3E-09 mg/kg-day -- -- -- 1.2E-08 mg/kg-day 6.0E-02 mg/kg-day 2.0E-07
Acenaphthylene 9.3E-03 mg/kg 9.9E-10 mg/kg-day -- -- -- 8.8E-09 mg/kg-day 6.0E-02 mg/kg-day 1.5E-07
Anthracene 3.1E-02 mg/kg 3.3E-09 mg/kg-day -- -- -- 3.0E-08 mg/kg-day 3.0E-01 mg/kg-day 9.9E-08
Fluorene 8.4E-03 mg/kg 8.9E-10 mg/kg-day -- -- -- 7.9E-09 mg/kg-day 4.0E-02 mg/kg-day 2.0E-07
Naphthalene 1.4E-02 mg/kg 1.5E-09 mg/kg-day -- -- -- 1.4E-08 mg/kg-day 2.0E-02 mg/kg-day 6.8E-07
Phenanthrene 1.1E-01 mg/kg 1.1E-08 mg/kg-day -- -- -- 1.0E-07 mg/kg-day 3.0E-01 mg/kg-day 3.3E-07
Benzo(a)anthracene M 9.5E-02 mg/kg 4.6E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 5.5E-08 9.0E-08 mg/kg-day -- -- --
Benzo(a)pyrene M 1.9E-01 mg/kg 9.0E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 6.6E-07 1.8E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene M 1.2E-01 mg/kg 5.7E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 6.8E-08 1.1E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.8E-01 mg/kg 1.9E-08 mg/kg-day -- -- -- 1.7E-07 mg/kg-day 3.0E-02 mg/kg-day 5.6E-06
Benzo(k)fluoranthene M 1.1E-01 mg/kg 5.5E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 6.6E-08 1.1E-07 mg/kg-day -- -- --
Chrysene M 1.1E-01 mg/kg 5.4E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 6.5E-09 1.1E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene M 1.9E-02 mg/kg 9.1E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 6.6E-08 1.8E-08 mg/kg-day -- -- --
Fluoranthene 2.3E-01 mg/kg 2.5E-08 mg/kg-day -- -- -- 2.2E-07 mg/kg-day 4.0E-02 mg/kg-day 5.5E-06
Indeno(1,2,3-cd)pyrene M 1.6E-01 mg/kg 7.7E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 9.3E-08 1.5E-07 mg/kg-day -- -- --
Pyrene 2.9E-01 mg/kg 3.1E-08 mg/kg-day -- -- -- 2.8E-07 mg/kg-day 3.0E-02 mg/kg-day 9.3E-06
Dibutyltin 1.3E-03 mg/kg 1.4E-10 mg/kg-day -- -- -- 1.3E-09 mg/kg-day 3.0E-04 mg/kg-day 4.2E-06
Tributyltin 4.0E-03 mg/kg 4.3E-10 mg/kg-day -- -- -- 3.8E-09 mg/kg-day 3.0E-04 mg/kg-day 1.3E-05
Total PCB Congeners 3.0E-02 mg/kg 3.2E-09 mg/kg-day 2.0E+00 (mg/kg-day)-1 6.5E-09 2.9E-08 mg/kg-day 2.0E-05 mg/kg-day 1.4E-03
Total TEQ – PCB DLC 8.7E-06 mg/kg 9.3E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.2E-07 8.2E-12 mg/kg-day 7.0E-10 mg/kg-day 1.2E-02

Exp. Route Total 9.5E-06 2.9E-01

Chemical of 
Potential ConcernMedium

Exposure 
Medium

Exposure 
Point

Exposure 
Route

EPC Cancer 
Risk

Hazard 
Quotient

Intake/Exposure 
Concentration

Intake/Exposure 
Concentration

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Reference Stations 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures
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TABLE A-16A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Chemical of 
Potential ConcernMedium

Exposure 
Medium

Exposure 
Point

Exposure 
Route

EPC Cancer 
Risk

Hazard 
Quotient

Intake/Exposure 
Concentration

Intake/Exposure 
Concentration

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Reference Stations 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Sediment Sediment Sediment Dermal Aluminum 7.6E+04 mg/kg 2.6E-04 mg/kg-day -- -- -- 2.1E-03 mg/kg-day 1.0E+00 mg/kg-day 2.1E-03
Antimony 9.2E-01 mg/kg 3.1E-09 mg/kg-day -- -- -- 2.5E-08 mg/kg-day 6.0E-05 mg/kg-day 4.2E-04
Arsenic 1.2E+01 mg/kg 1.2E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 1.2E-06 1.0E-06 mg/kg-day 3.0E-04 mg/kg-day 3.3E-03
Barium 4.8E+02 mg/kg 1.7E-06 mg/kg-day -- -- -- 1.3E-05 mg/kg-day 1.4E-02 mg/kg-day 9.5E-04
Cadmium 6.4E-01 mg/kg 2.2E-10 mg/kg-day 6.0E+02 (mg/kg-day)-1 1.3E-07 1.8E-09 mg/kg-day 2.5E-05 mg/kg-day 7.1E-05
Chromium 1.8E+02 mg/kg 6.0E-07 mg/kg-day -- -- -- 4.8E-06 mg/kg-day 2.0E-02 mg/kg-day 2.5E-04
Cobalt 2.1E+01 mg/kg 7.4E-08 mg/kg-day -- -- -- 5.9E-07 mg/kg-day 3.0E-04 mg/kg-day 2.0E-03
Copper 4.7E+01 mg/kg 1.6E-07 mg/kg-day -- -- -- 1.3E-06 mg/kg-day 4.0E-02 mg/kg-day 3.2E-05
Iron 4.9E+04 mg/kg 1.7E-04 mg/kg-day -- -- -- 1.4E-03 mg/kg-day 7.0E-01 mg/kg-day 1.9E-03
Lead 2.9E+01 mg/kg 9.8E-08 mg/kg-day -- -- -- 7.9E-07 mg/kg-day -- -- --
Manganese 6.2E+02 mg/kg 2.1E-06 mg/kg-day -- -- -- 1.7E-05 mg/kg-day 1.4E-01 mg/kg-day 1.2E-04
Mercury 3.6E-01 mg/kg 1.3E-09 mg/kg-day -- -- -- 1.0E-08 mg/kg-day 1.0E-04 mg/kg-day 1.0E-04
Molybdenum 8.5E-01 mg/kg 2.9E-09 mg/kg-day -- -- -- 2.3E-08 mg/kg-day 5.0E-03 mg/kg-day 4.7E-06
Nickel 1.0E+02 mg/kg 3.4E-07 mg/kg-day -- -- -- 2.8E-06 mg/kg-day 8.0E-04 mg/kg-day 3.5E-03
Selenium 4.6E-01 mg/kg 1.6E-09 mg/kg-day -- -- -- 1.3E-08 mg/kg-day 5.0E-03 mg/kg-day 2.5E-06
Silver 4.5E-01 mg/kg 1.5E-09 mg/kg-day -- -- -- 1.2E-08 mg/kg-day 2.0E-04 mg/kg-day 6.2E-05
Vanadium 1.6E+02 mg/kg 5.5E-07 mg/kg-day -- -- -- 4.4E-06 mg/kg-day 1.3E-04 mg/kg-day 3.4E-02
Zinc 1.3E+02 mg/kg 4.4E-07 mg/kg-day -- -- -- 3.5E-06 mg/kg-day 3.0E-01 mg/kg-day 1.2E-05
4,4'-DDD 2.4E-03 mg/kg 4.1E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 9.9E-12 3.3E-10 mg/kg-day 5.0E-04 mg/kg-day 6.6E-07
4,4'-DDE 9.1E-04 mg/kg 1.6E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 5.3E-12 1.3E-10 mg/kg-day 5.0E-04 mg/kg-day 2.5E-07
4,4'-DDT 1.7E-03 mg/kg 2.8E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 9.6E-12 2.3E-10 mg/kg-day 5.0E-04 mg/kg-day 4.5E-07
alpha-Chlordane 1.2E-04 mg/kg 2.1E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 7.2E-13 1.7E-11 mg/kg-day 5.0E-04 mg/kg-day 3.3E-08
2-Methylnaphthalene 6.4E-03 mg/kg 3.3E-10 mg/kg-day -- -- -- 2.7E-09 mg/kg-day 4.0E-03 mg/kg-day 6.6E-07
Acenaphthene 1.2E-02 mg/kg 6.4E-10 mg/kg-day -- -- -- 5.1E-09 mg/kg-day 6.0E-02 mg/kg-day 8.5E-08
Acenaphthylene 9.3E-03 mg/kg 4.8E-10 mg/kg-day -- -- -- 3.8E-09 mg/kg-day 6.0E-02 mg/kg-day 6.4E-08
Anthracene 3.1E-02 mg/kg 1.6E-09 mg/kg-day -- -- -- 1.3E-08 mg/kg-day 3.0E-01 mg/kg-day 4.3E-08
Fluorene 8.4E-03 mg/kg 4.3E-10 mg/kg-day -- -- -- 3.5E-09 mg/kg-day 4.0E-02 mg/kg-day 8.6E-08
Naphthalene 1.4E-02 mg/kg 7.4E-10 mg/kg-day -- -- -- 5.9E-09 mg/kg-day 2.0E-02 mg/kg-day 3.0E-07
Phenanthrene 1.1E-01 mg/kg 5.4E-09 mg/kg-day -- -- -- 4.3E-08 mg/kg-day 3.0E-01 mg/kg-day 1.4E-07
Benzo(a)anthracene M 9.5E-02 mg/kg 2.1E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.5E-08 3.9E-08 mg/kg-day -- -- --
Benzo(a)pyrene M 1.9E-01 mg/kg 4.1E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 3.0E-07 7.7E-08 mg/kg-day -- -- --
Benzo(b)fluoranthene M 1.2E-01 mg/kg 2.6E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 3.1E-08 4.8E-08 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.8E-01 mg/kg 9.2E-09 mg/kg-day -- -- -- 7.4E-08 mg/kg-day 3.0E-02 mg/kg-day 2.5E-06
Benzo(k)fluoranthene M 1.1E-01 mg/kg 2.5E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 3.0E-08 4.7E-08 mg/kg-day -- -- --
Chrysene M 1.1E-01 mg/kg 2.5E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 3.0E-09 4.6E-08 mg/kg-day -- -- --
Dibenz(a,h)anthracene M 1.9E-02 mg/kg 4.1E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 3.0E-08 7.7E-09 mg/kg-day -- -- --
Fluoranthene 2.3E-01 mg/kg 1.2E-08 mg/kg-day -- -- -- 9.6E-08 mg/kg-day 4.0E-02 mg/kg-day 2.4E-06
Indeno(1,2,3-cd)pyrene M 1.6E-01 mg/kg 3.5E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 4.2E-08 6.6E-08 mg/kg-day -- -- --
Pyrene 2.9E-01 mg/kg 1.5E-08 mg/kg-day -- -- -- 1.2E-07 mg/kg-day 3.0E-02 mg/kg-day 4.0E-06
Dibutyltin 1.3E-03 mg/kg 4.5E-11 mg/kg-day -- -- -- 3.6E-10 mg/kg-day 3.0E-04 mg/kg-day 1.2E-06
Tributyltin 4.0E-03 mg/kg 1.4E-10 mg/kg-day -- -- -- 1.1E-09 mg/kg-day 3.0E-04 mg/kg-day 3.7E-06
Total PCB Congeners 3.0E-02 mg/kg 1.6E-09 mg/kg-day 2.0E+00 (mg/kg-day)-1 3.1E-09 1.3E-08 mg/kg-day 2.0E-05 mg/kg-day 6.3E-04
Total TEQ – PCB DLC 8.7E-06 mg/kg 8.9E-14 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.2E-08 7.2E-13 mg/kg-day 7.0E-10 mg/kg-day 1.0E-03

Exp. Route Total 1.8E-06 5.0E-02
Exposure Point Total 1.1E-05 3.4E-01

Exposure Medium Total 1.1E-05 3.4E-01
Medium Total 1.1E-05 3.4E-01
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TABLE A-16A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Chemical of 
Potential ConcernMedium

Exposure 
Medium

Exposure 
Point

Exposure 
Route

EPC Cancer 
Risk

Hazard 
Quotient

Intake/Exposure 
Concentration

Intake/Exposure 
Concentration

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Reference Stations 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Macomaa Macoma Macoma Ingestion Aluminum 2.8E+02 mg/kg 2.1E-03 mg/kg-day -- -- -- 7.4E-03 mg/kg-day 1.0E+00 mg/kg-day 7.4E-03
Antimony 2.7E-02 mg/kg 2.0E-07 mg/kg-day -- -- -- 7.1E-07 mg/kg-day 4.0E-04 mg/kg-day 1.8E-03
Arsenic 3.8E+00 mg/kg 2.9E-05 mg/kg-day 9.5E+00 (mg/kg-day)-1 2.7E-04 1.0E-04 mg/kg-day 3.0E-04 mg/kg-day 3.4E-01
Barium 2.9E+00 mg/kg 2.2E-05 mg/kg-day -- -- -- 7.8E-05 mg/kg-day 2.0E-01 mg/kg-day 3.9E-04
Cadmium 1.5E-01 mg/kg 1.1E-06 mg/kg-day 1.5E+01 (mg/kg-day)-1 1.7E-05 3.9E-06 mg/kg-day 1.0E-03 mg/kg-day 3.9E-03
Chromium 2.8E+00 mg/kg 2.1E-05 mg/kg-day -- -- -- 7.5E-05 mg/kg-day 1.5E+00 mg/kg-day 5.0E-05
Cobalt 5.1E-01 mg/kg 3.9E-06 mg/kg-day -- -- -- 1.4E-05 mg/kg-day 3.0E-04 mg/kg-day 4.5E-02
Copper 2.5E+00 mg/kg 1.9E-05 mg/kg-day -- -- -- 6.6E-05 mg/kg-day 4.0E-02 mg/kg-day 1.7E-03
Iron 3.9E+02 mg/kg 3.0E-03 mg/kg-day -- -- -- 1.0E-02 mg/kg-day 7.0E-01 mg/kg-day 1.5E-02
Lead 4.9E-01 mg/kg 3.7E-06 mg/kg-day -- -- -- 1.3E-05 mg/kg-day -- -- --
Manganese 7.9E+00 mg/kg 6.0E-05 mg/kg-day -- -- -- 2.1E-04 mg/kg-day 1.4E-01 mg/kg-day 1.5E-03
Mercury 2.5E-02 mg/kg 1.9E-07 mg/kg-day -- -- -- 6.8E-07 mg/kg-day 1.0E-04 mg/kg-day 6.8E-03
Molybdenum 4.9E-01 mg/kg 3.7E-06 mg/kg-day -- -- -- 1.3E-05 mg/kg-day 5.0E-03 mg/kg-day 2.6E-03
Nickel 1.4E+00 mg/kg 1.0E-05 mg/kg-day -- -- -- 3.6E-05 mg/kg-day 2.0E-02 mg/kg-day 1.8E-03
Selenium 7.9E-01 mg/kg 6.0E-06 mg/kg-day -- -- -- 2.1E-05 mg/kg-day 5.0E-03 mg/kg-day 4.2E-03
Silver 2.8E-02 mg/kg 2.1E-07 mg/kg-day -- -- -- 7.3E-07 mg/kg-day 5.0E-03 mg/kg-day 1.5E-04
Vanadium 1.5E+00 mg/kg 1.2E-05 mg/kg-day -- -- -- 4.0E-05 mg/kg-day 5.0E-03 mg/kg-day 8.1E-03
Zinc 1.8E+01 mg/kg 1.4E-04 mg/kg-day -- -- -- 4.9E-04 mg/kg-day 3.0E-01 mg/kg-day 1.6E-03
4,4'-DDD 5.1E-04 mg/kg 3.8E-09 mg/kg-day 2.4E-01 (mg/kg-day)-1 9.2E-10 1.3E-08 mg/kg-day 5.0E-04 mg/kg-day 2.7E-05
4,4'-DDE 8.7E-04 mg/kg 6.6E-09 mg/kg-day 3.4E-01 (mg/kg-day)-1 2.3E-09 2.3E-08 mg/kg-day 5.0E-04 mg/kg-day 4.6E-05
4,4'-DDT 3.7E-04 mg/kg 2.8E-09 mg/kg-day 3.4E-01 (mg/kg-day)-1 9.6E-10 9.9E-09 mg/kg-day 5.0E-04 mg/kg-day 2.0E-05
alpha-Chlordane 1.2E-04 mg/kg 8.9E-10 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.1E-10 3.1E-09 mg/kg-day 5.0E-04 mg/kg-day 6.3E-06
Dieldrin 1.6E-04 mg/kg 1.2E-09 mg/kg-day 1.6E+01 (mg/kg-day)-1 2.0E-08 4.3E-09 mg/kg-day 5.0E-05 mg/kg-day 8.5E-05
gamma-Chlordane 9.7E-05 mg/kg 7.4E-10 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.6E-10 2.6E-09 mg/kg-day 5.0E-04 mg/kg-day 5.2E-06
Acenaphthene 1.8E-04 mg/kg 1.4E-09 mg/kg-day -- -- -- 4.9E-09 mg/kg-day 6.0E-02 mg/kg-day 8.2E-08
Acenaphthylene 3.1E-04 mg/kg 2.4E-09 mg/kg-day -- -- -- 8.3E-09 mg/kg-day 6.0E-02 mg/kg-day 1.4E-07
Anthracene 1.2E-03 mg/kg 9.3E-09 mg/kg-day -- -- -- 3.2E-08 mg/kg-day 3.0E-01 mg/kg-day 1.1E-07
Fluorene 2.7E-04 mg/kg 2.0E-09 mg/kg-day -- -- -- 7.1E-09 mg/kg-day 4.0E-02 mg/kg-day 1.8E-07
Phenanthrene 2.5E-03 mg/kg 1.9E-08 mg/kg-day -- -- -- 6.7E-08 mg/kg-day 3.0E-01 mg/kg-day 2.2E-07
Benzo(a)anthracene 2.5E-03 mg/kg 1.9E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 2.3E-08 6.6E-08 mg/kg-day -- -- --
Benzo(a)pyrene 3.8E-03 mg/kg 2.9E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 2.1E-07 1.0E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene 3.5E-03 mg/kg 2.7E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 3.2E-08 9.3E-08 mg/kg-day -- -- --
Benzo(g,h,i)perylene 3.0E-03 mg/kg 2.3E-08 mg/kg-day -- -- -- 8.1E-08 mg/kg-day 3.0E-02 mg/kg-day 2.7E-06
Benzo(k)fluoranthene 4.0E-03 mg/kg 3.0E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 3.6E-08 1.1E-07 mg/kg-day -- -- --
Chrysene 4.4E-03 mg/kg 3.3E-08 mg/kg-day 1.2E-01 (mg/kg-day)-1 4.0E-09 1.2E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene 1.4E-04 mg/kg 1.1E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 7.8E-09 3.8E-09 mg/kg-day -- -- --
Fluoranthene 1.0E-02 mg/kg 7.7E-08 mg/kg-day -- -- -- 2.7E-07 mg/kg-day 4.0E-02 mg/kg-day 6.7E-06
Indeno(1,2,3-cd)pyrene 1.8E-03 mg/kg 1.4E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.7E-08 4.9E-08 mg/kg-day -- -- --
Pyrene 1.2E-02 mg/kg 9.2E-08 mg/kg-day -- -- -- 3.2E-07 mg/kg-day 3.0E-02 mg/kg-day 1.1E-05
Dibutyltin 1.6E-03 mg/kg 1.2E-08 mg/kg-day -- -- -- 4.3E-08 mg/kg-day 3.0E-04 mg/kg-day 1.4E-04
Tributyltin 4.8E-03 mg/kg 3.6E-08 mg/kg-day -- -- -- 1.3E-07 mg/kg-day 3.0E-04 mg/kg-day 4.2E-04
Total PCB Congeners 1.2E-02 mg/kg 9.1E-08 mg/kg-day 2.0E+00 (mg/kg-day)-1 1.8E-07 3.2E-07 mg/kg-day 2.0E-05 mg/kg-day 1.6E-02
Total TEQ – PCB DLC 7.2E-06 mg/kg 5.5E-11 mg/kg-day 1.3E+05 (mg/kg-day)-1 7.1E-06 1.9E-10 mg/kg-day 7.0E-10 mg/kg-day 2.7E-01
Total TEQ – TCDD DLC 3.9E-07 mg/kg 2.9E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 3.8E-07 1.0E-11 mg/kg-day 7.0E-10 mg/kg-day 1.5E-02

Exp. Route Total 3.0E-04 7.4E-01
Exposure Point Total 3.0E-04 7.4E-01

Exposure Medium Total 3.0E-04 7.4E-01
Medium Total 3.0E-04 7.4E-01

Total of Receptor Risks across All Media 3.1E-04 Total of Receptor Hazards across All Media 1.1E+00
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TABLE A-16A

Scenario Timeframe:  Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Chemical of 
Potential ConcernMedium

Exposure 
Medium

Exposure 
Point

Exposure 
Route

EPC Cancer 
Risk

Hazard 
Quotient

Intake/Exposure 
Concentration

Intake/Exposure 
Concentration

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Adult and Child Recreational User, Reference Stations 
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Notes:

Acronyms/Abbreviations:
-- = not available or not applicable (mg/kg-day)-1 = 1/(milligram[s] per kilogram per day)
CSF = cancer slope factor mg/kg = milligram(s) per kilogram
DDD = dichlorodiphenyldichloroethane mg/kg-day = milligram(s) per kilogram per day
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl
DDT = dichlorodiphenyltrichloroethane RfC = reference concentration
EPC = exposure point concentration RfD = reference dose
Exp. = exposure RME = reasonable maximum exposure
M = lifetime exposure from birth, mutagenic endpoint TCDD = tetrachlorodibenzo-p-dioxin

a Macoma ingestion risks are evaluated for the adult receptor only.
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TABLE A-16B

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Aluminum -- -- -- -- 7.2E-02 -- 2.1E-03 7.4E-02

Antimony -- -- -- -- 2.2E-03 -- 4.2E-04 2.6E-03
Arsenic 7.4E-06 -- 1.2E-06 8.6E-06 2.3E-02 -- 3.3E-03 2.6E-02
Barium -- -- -- -- 2.3E-03 -- 9.5E-04 3.2E-03
Cadmium 1.0E-06 -- 1.3E-07 1.2E-06 6.1E-04 -- 7.1E-05 6.8E-04
Chromium -- -- -- -- 1.1E-04 -- 2.5E-04 3.6E-04
Cobalt -- -- -- -- 6.8E-02 -- 2.0E-03 7.0E-02
Copper -- -- -- -- 1.1E-03 -- 3.2E-05 1.1E-03
Iron -- -- -- -- 6.7E-02 -- 1.9E-03 6.9E-02
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 4.2E-03 -- 1.2E-04 4.3E-03
Mercury -- -- -- -- 3.5E-03 -- 1.0E-04 3.6E-03
Molybdenum -- -- -- -- 1.6E-04 -- 4.7E-06 1.7E-04
Nickel -- -- -- -- 4.8E-03 -- 3.5E-03 8.2E-03
Selenium -- -- -- -- 8.7E-05 -- 2.5E-06 8.9E-05
Silver -- -- -- -- 8.5E-05 -- 6.2E-05 1.5E-04
Vanadium -- -- -- -- 3.0E-02 -- 3.4E-02 6.4E-02
Zinc -- -- -- -- 4.0E-04 -- 1.2E-05 4.1E-04
4,4'-DDD 6.2E-11 -- 9.9E-12 7.2E-11 4.6E-06 -- 6.6E-07 5.2E-06
4,4'-DDE 3.3E-11 -- 5.3E-12 3.9E-11 1.7E-06 -- 2.5E-07 2.0E-06
4,4'-DDT 6.0E-11 -- 9.6E-12 7.0E-11 3.1E-06 -- 4.5E-07 3.6E-06
alpha-Chlordane 4.5E-12 -- 7.2E-13 5.2E-12 2.3E-07 -- 3.3E-08 2.6E-07
2-Methylnaphthalene -- -- -- -- 1.5E-06 -- 6.6E-07 2.2E-06
Acenaphthene -- -- -- -- 2.0E-07 -- 8.5E-08 2.8E-07
Acenaphthylene -- -- -- -- 1.5E-07 -- 6.4E-08 2.1E-07
Anthracene -- -- -- -- 9.9E-08 -- 4.3E-08 1.4E-07
Fluorene -- -- -- -- 2.0E-07 -- 8.6E-08 2.8E-07
Naphthalene -- -- -- -- 6.8E-07 -- 3.0E-07 9.7E-07
Phenanthrene -- -- -- -- 3.3E-07 -- 1.4E-07 4.8E-07
Benzo(a)anthracene 5.5E-08 -- 2.5E-08 8.0E-08 -- -- -- --
Benzo(a)pyrene 6.6E-07 -- 3.0E-07 9.6E-07 -- -- -- --
Benzo(b)fluoranthene 6.8E-08 -- 3.1E-08 9.9E-08 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 5.6E-06 -- 2.5E-06 8.1E-06
Benzo(k)fluoranthene 6.6E-08 -- 3.0E-08 9.6E-08 -- -- -- --
Chrysene 6.5E-09 -- 3.0E-09 9.5E-09 -- -- -- --
Dibenz(a,h)anthracene 6.6E-08 -- 3.0E-08 9.6E-08 -- -- -- --
Fluoranthene -- -- -- -- 5.5E-06 -- 2.4E-06 7.9E-06
Indeno(1,2,3-cd)pyrene 9.3E-08 -- 4.2E-08 1.3E-07 -- -- -- --
Pyrene -- -- -- -- 9.3E-06 -- 4.0E-06 1.3E-05
Dibutyltin -- -- -- -- 4.2E-06 -- 1.2E-06 5.4E-06
Tributyltin -- -- -- -- 1.3E-05 -- 3.7E-06 1.6E-05
Total PCB Congeners 6.5E-09 -- 3.1E-09 9.6E-09 1.4E-03 -- 6.3E-04 2.1E-03
Total TEQ – PCB DLC 1.2E-07 -- 1.2E-08 1.3E-07 1.2E-02 -- 1.0E-03 1.3E-02
Chemical Total 9.5E-06 -- 1.8E-06 1.1E-05 2.9E-01 -- 5.0E-02 3.4E-01

Exposure Point Total 1.1E-05 3.4E-01
Exposure Medium Total 1.1E-05 3.4E-01

Medium Total 1.1E-05 3.4E-01

Summary of Receptor Risks and Hazards - Adult and Child Recreational User, Reference Stations

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Noncancer Hazard Quotient
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TABLE A-16B

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total

Summary of Receptor Risks and Hazards - Adult and Child Recreational User, Reference Stations

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Noncancer Hazard Quotient

Macoma Macoma Macoma Aluminum -- -- -- -- 7.4E-03 -- -- 7.4E-03
(ingestion) Antimony -- -- -- -- 1.8E-03 -- -- 1.8E-03

Arsenic 2.7E-04 -- -- 2.7E-04 3.4E-01 -- -- 3.4E-01
Barium -- -- -- -- 3.9E-04 -- -- 3.9E-04
Cadmium 1.7E-05 -- -- 1.7E-05 3.9E-03 -- -- 3.9E-03
Chromium -- -- -- -- 5.0E-05 -- -- 5.0E-05
Cobalt -- -- -- -- 4.5E-02 -- -- 4.5E-02
Copper -- -- -- -- 1.7E-03 -- -- 1.7E-03
Iron -- -- -- -- 1.5E-02 -- -- 1.5E-02
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 1.5E-03 -- -- 1.5E-03
Mercury -- -- -- -- 6.8E-03 -- -- 6.8E-03
Molybdenum -- -- -- -- 2.6E-03 -- -- 2.6E-03
Nickel -- -- -- -- 1.8E-03 -- -- 1.8E-03
Selenium -- -- -- -- 4.2E-03 -- -- 4.2E-03
Silver -- -- -- -- 1.5E-04 -- -- 1.5E-04
Vanadium -- -- -- -- 8.1E-03 -- -- 8.1E-03
Zinc -- -- -- -- 1.6E-03 -- -- 1.6E-03
4,4'-DDD 9.2E-10 -- -- 9.2E-10 2.7E-05 -- -- 2.7E-05
4,4'-DDE 2.3E-09 -- -- 2.3E-09 4.6E-05 -- -- 4.6E-05
4,4'-DDT 9.6E-10 -- -- 9.6E-10 2.0E-05 -- -- 2.0E-05
alpha-Chlordane 3.1E-10 -- -- 3.1E-10 6.3E-06 -- -- 6.3E-06
Dieldrin 2.0E-08 -- -- 2.0E-08 8.5E-05 -- -- 8.5E-05
gamma-Chlordane 2.6E-10 -- -- 2.6E-10 5.2E-06 -- -- 5.2E-06
Acenaphthene -- -- -- -- 8.2E-08 -- -- 8.2E-08
Acenaphthylene -- -- -- -- 1.4E-07 -- -- 1.4E-07
Anthracene -- -- -- -- 1.1E-07 -- -- 1.1E-07
Fluorene -- -- -- -- 1.8E-07 -- -- 1.8E-07
Phenanthrene -- -- -- -- 2.2E-07 -- -- 2.2E-07
Benzo(a)anthracene 2.3E-08 -- -- 2.3E-08 -- -- -- --
Benzo(a)pyrene 2.1E-07 -- -- 2.1E-07 -- -- -- --
Benzo(b)fluoranthene 3.2E-08 -- -- 3.2E-08 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 2.7E-06 -- -- 2.7E-06
Benzo(k)fluoranthene 3.6E-08 -- -- 3.6E-08 -- -- -- --
Chrysene 4.0E-09 -- -- 4.0E-09 -- -- -- --
Dibenz(a,h)anthracene 7.8E-09 -- -- 7.8E-09 -- -- -- --
Fluoranthene -- -- -- -- 6.7E-06 -- -- 6.7E-06
Indeno(1,2,3-cd)pyrene 1.7E-08 -- -- 1.7E-08 -- -- -- --
Pyrene -- -- -- -- 1.1E-05 -- -- 1.1E-05
Dibutyltin -- -- -- -- 1.4E-04 -- -- 1.4E-04
Tributyltin -- -- -- -- 4.2E-04 -- -- 4.2E-04
Total PCB Congeners 1.8E-07 -- -- 1.8E-07 1.6E-02 -- -- 1.6E-02
Total TEQ – PCB DLC 7.1E-06 -- -- 7.1E-06 2.7E-01 -- -- 2.7E-01
Total TEQ – TCDD DLC 3.8E-07 -- -- 3.8E-07 1.5E-02 -- -- 1.5E-02
Chemical Total 3.0E-04 -- -- 3.0E-04 7.4E-01 -- -- 7.4E-01

Exposure Point Total 3.0E-04 7.4E-01
Exposure Medium Total 3.0E-04 7.4E-01

Medium Total 3.0E-04 7.4E-01
Receptor Total Total Risk across All Media 3.1E-04 Total Hazard across All Media 1.1E+00
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TABLE A-16B

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total

Summary of Receptor Risks and Hazards - Adult and Child Recreational User, Reference Stations

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Noncancer Hazard Quotient

Acronyms/Abbreviations:
-- = not available or not applicable DDT = dichlorodiphenyltrichloroethane

DDD = dichlorodiphenyldichloroethane PCB = polychlorinated biphenyl
DDE = dichlorodiphenyldichloroethylene TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-16C

Scenario Timeframe:   Future
Receptor Population:  Recreational User
Receptor Age:  Adult and Child

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment BAP (EQ)* 9.5E-07 -- 4.3E-07 1.4E-06 -- -- -- --

(Oral/Dermal) Arsenic 7.4E-06 -- 1.2E-06 8.6E-06 2.3E-02 -- 3.3E-03 2.6E-02
Cadmium 1.0E-06 -- 1.3E-07 1.2E-06 6.1E-04 -- 7.1E-05 6.8E-04

Chemical Total 8.3E-06 -- 1.6E-06 9.9E-06 2.3E-02 -- 3.3E-03 2.6E-02
Exposure Point Total 9.9E-06 2.6E-02

Exposure Medium Total 9.9E-06 2.6E-02
Medium Total 9.9E-06 2.6E-02

Macoma Macoma Macoma Arsenic 2.7E-04 -- -- 2.7E-04 3.4E-01 -- -- 3.4E-01
(Oral) Cadmium 1.7E-05 -- -- 1.7E-05 3.9E-03 -- -- 3.9E-03

Total TEQ – PCB DLC 7.1E-06 -- -- 7.1E-06 2.7E-01 -- -- 2.7E-01

Chemical Total 3.0E-04 -- -- 3.0E-04 6.1E-01 -- -- 6.1E-01
Exposure Point Total 3.0E-04 6.1E-01

Exposure Medium Total 3.0E-04 6.1E-01
Medium Total 3.0E-04 6.1E-01
Receptor Total Total Risk across All Media 3.1E-04 Total Hazard across All Media 6.4E-01

Notes:
*

Acronyms/Abbreviations:
-- = not available or not applicable PAH = polycyclic aromatic hydrocarbon 
BAP (EQ) = benzo(a)pyrene equivalent PCB = polychlorinated biphenyl

Risk for benzo(a)pyrene equivalent (BAP [EQ]) is calculated by summing the risks for each of the individual potentially carcinogenic PAHs: benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, 
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene.

Summary of Risk Drivers - Adult and Child Recreational User, Reference Stations

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures
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TABLE A-17A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

 Sediment Sediment Sediment Ingestion Aluminum 7.6E+04 mg/kg 3.1E-03 mg/kg-day -- -- -- 2.1E-01 mg/kg-day 1.0E+00 mg/kg-day 2.1E-01
Antimony 9.2E-01 mg/kg 3.7E-08 mg/kg-day -- -- -- 2.6E-06 mg/kg-day 4.0E-04 mg/kg-day 6.5E-03
Arsenic 1.2E+01 mg/kg 2.9E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 2.8E-06 2.1E-05 mg/kg-day 3.0E-04 mg/kg-day 6.8E-02
Barium 4.8E+02 mg/kg 1.9E-05 mg/kg-day -- -- -- 1.4E-03 mg/kg-day 2.0E-01 mg/kg-day 6.8E-03
Cadmium 6.4E-01 mg/kg 2.6E-08 mg/kg-day 1.5E+01 (mg/kg-day)-1 3.9E-07 1.8E-06 mg/kg-day 1.0E-03 mg/kg-day 1.8E-03
Chromium 1.8E+02 mg/kg 7.1E-06 mg/kg-day -- -- -- 5.0E-04 mg/kg-day 1.5E+00 mg/kg-day 3.3E-04
Cobalt 2.1E+01 mg/kg 8.7E-07 mg/kg-day -- -- -- 6.1E-05 mg/kg-day 3.0E-04 mg/kg-day 2.0E-01
Copper 4.7E+01 mg/kg 1.9E-06 mg/kg-day -- -- -- 1.3E-04 mg/kg-day 4.0E-02 mg/kg-day 3.3E-03
Iron 4.9E+04 mg/kg 2.0E-03 mg/kg-day -- -- -- 1.4E-01 mg/kg-day 7.0E-01 mg/kg-day 2.0E-01
Lead 2.9E+01 mg/kg 1.2E-06 mg/kg-day -- -- -- 8.1E-05 mg/kg-day -- -- --
Manganese 6.2E+02 mg/kg 2.5E-05 mg/kg-day -- -- -- 1.7E-03 mg/kg-day 1.4E-01 mg/kg-day 1.2E-02
Mercury 3.6E-01 mg/kg 1.5E-08 mg/kg-day -- -- -- 1.0E-06 mg/kg-day 1.0E-04 mg/kg-day 1.0E-02
Molybdenum 8.5E-01 mg/kg 3.4E-08 mg/kg-day -- -- -- 2.4E-06 mg/kg-day 5.0E-03 mg/kg-day 4.8E-04
Nickel 1.0E+02 mg/kg 4.0E-06 mg/kg-day -- -- -- 2.8E-04 mg/kg-day 2.0E-02 mg/kg-day 1.4E-02
Selenium 4.6E-01 mg/kg 1.8E-08 mg/kg-day -- -- -- 1.3E-06 mg/kg-day 5.0E-03 mg/kg-day 2.6E-04
Silver 4.5E-01 mg/kg 1.8E-08 mg/kg-day -- -- -- 1.3E-06 mg/kg-day 5.0E-03 mg/kg-day 2.5E-04
Vanadium 1.6E+02 mg/kg 6.4E-06 mg/kg-day -- -- -- 4.5E-04 mg/kg-day 5.0E-03 mg/kg-day 9.0E-02
Zinc 1.3E+02 mg/kg 5.1E-06 mg/kg-day -- -- -- 3.6E-04 mg/kg-day 3.0E-01 mg/kg-day 1.2E-03
4,4'-DDD 2.4E-03 mg/kg 9.7E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 2.3E-11 6.8E-09 mg/kg-day 5.0E-04 mg/kg-day 1.4E-05
4,4'-DDE 9.1E-04 mg/kg 3.7E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.3E-11 2.6E-09 mg/kg-day 5.0E-04 mg/kg-day 5.2E-06
4,4'-DDT 1.7E-03 mg/kg 6.7E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 2.3E-11 4.7E-09 mg/kg-day 5.0E-04 mg/kg-day 9.3E-06
alpha-Chlordane 1.2E-04 mg/kg 4.8E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.7E-12 3.4E-10 mg/kg-day 5.0E-04 mg/kg-day 6.8E-07
2-Methylnaphthalene 6.4E-03 mg/kg 2.6E-10 mg/kg-day -- -- -- 1.8E-08 mg/kg-day 4.0E-03 mg/kg-day 4.5E-06
Acenaphthene 1.2E-02 mg/kg 5.0E-10 mg/kg-day -- -- -- 3.5E-08 mg/kg-day 6.0E-02 mg/kg-day 5.8E-07
Acenaphthylene 9.3E-03 mg/kg 3.8E-10 mg/kg-day -- -- -- 2.6E-08 mg/kg-day 6.0E-02 mg/kg-day 4.4E-07
Anthracene 3.1E-02 mg/kg 1.3E-09 mg/kg-day -- -- -- 8.8E-08 mg/kg-day 3.0E-01 mg/kg-day 2.9E-07
Fluorene 8.4E-03 mg/kg 3.4E-10 mg/kg-day -- -- -- 2.4E-08 mg/kg-day 4.0E-02 mg/kg-day 5.9E-07
Naphthalene 1.4E-02 mg/kg 5.8E-10 mg/kg-day -- -- -- 4.0E-08 mg/kg-day 2.0E-02 mg/kg-day 2.0E-06
Phenanthrene 1.1E-01 mg/kg 4.2E-09 mg/kg-day -- -- -- 3.0E-07 mg/kg-day 3.0E-01 mg/kg-day 9.9E-07
Benzo(a)anthracene 9.5E-02 mg/kg 3.8E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 4.6E-09 2.7E-07 mg/kg-day -- -- --
Benzo(a)pyrene 1.9E-01 mg/kg 7.5E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 5.5E-08 5.3E-07 mg/kg-day -- -- --
Benzo(b)fluoranthene 1.2E-01 mg/kg 4.7E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 5.7E-09 3.3E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.8E-01 mg/kg 7.2E-09 mg/kg-day -- -- -- 5.0E-07 mg/kg-day 3.0E-02 mg/kg-day 1.7E-05
Benzo(k)fluoranthene 1.1E-01 mg/kg 4.6E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 5.5E-09 3.2E-07 mg/kg-day -- -- --
Chrysene 1.1E-01 mg/kg 4.5E-09 mg/kg-day 1.2E-01 (mg/kg-day)-1 5.4E-10 3.2E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene 1.9E-02 mg/kg 7.5E-10 mg/kg-day 7.3E+00 (mg/kg-day)-1 5.5E-09 5.3E-08 mg/kg-day -- -- --
Fluoranthene 2.3E-01 mg/kg 9.4E-09 mg/kg-day -- -- -- 6.6E-07 mg/kg-day 4.0E-02 mg/kg-day 1.6E-05
Indeno(1,2,3-cd)pyrene 1.6E-01 mg/kg 6.4E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 7.7E-09 4.5E-07 mg/kg-day -- -- --
Pyrene 2.9E-01 mg/kg 1.2E-08 mg/kg-day -- -- -- 8.3E-07 mg/kg-day 3.0E-02 mg/kg-day 2.8E-05
Dibutyltin 1.3E-03 mg/kg 5.3E-11 mg/kg-day -- -- -- 3.7E-09 mg/kg-day 3.0E-04 mg/kg-day 1.2E-05
Tributyltin 4.0E-03 mg/kg 1.6E-10 mg/kg-day -- -- -- 1.1E-08 mg/kg-day 3.0E-04 mg/kg-day 3.8E-05
Total PCB Congeners 3.0E-02 mg/kg 1.2E-09 mg/kg-day 2.0E+00 (mg/kg-day)-1 2.5E-09 8.6E-08 mg/kg-day 2.0E-05 mg/kg-day 4.3E-03
Total TEQ – PCB DLC 8.7E-06 mg/kg 3.5E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 4.5E-08 2.4E-11 mg/kg-day 7.0E-10 mg/kg-day 3.5E-02

Exp. Route Total 3.3E-06 8.7E-01

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, Reference Stations

Chemical of 
Potential ConcernMedium

Exposure 
Medium

Exposure 
Point

Exposure 
Route

EPC Cancer 
Risk

Hazard 
Quotient

Intake/Exposure 
Concentration

Intake/Exposure 
Concentration

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures
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TABLE A-17A

Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Cancer Risk Calculations Noncancer Hazard Quotient

CSF / Unit Risk RfD / RfC
Value Units Value Units Value Units Value Units Value Units

Calculation of RME Chemical Cancer Risks and Noncancer Hazards - Construction Worker, Reference Stations

Chemical of 
Potential ConcernMedium

Exposure 
Medium

Exposure 
Point

Exposure 
Route

EPC Cancer 
Risk

Hazard 
Quotient

Intake/Exposure 
Concentration

Intake/Exposure 
Concentration

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Sediment Sediment Sediment Dermal Aluminum 7.6E+04 mg/kg 4.5E-04 mg/kg-day -- -- -- 3.1E-02 mg/kg-day 1.0E+00 mg/kg-day 3.1E-02
Antimony 9.2E-01 mg/kg 5.4E-09 mg/kg-day -- -- -- 3.8E-07 mg/kg-day 6.0E-05 mg/kg-day 6.3E-03
Arsenic 1.2E+01 mg/kg 2.1E-07 mg/kg-day 9.5E+00 (mg/kg-day)-1 2.0E-06 1.5E-05 mg/kg-day 3.0E-04 mg/kg-day 5.0E-02
Barium 4.8E+02 mg/kg 2.9E-06 mg/kg-day -- -- -- 2.0E-04 mg/kg-day 1.4E-02 mg/kg-day 1.4E-02
Cadmium 6.4E-01 mg/kg 3.8E-10 mg/kg-day 6.0E+02 (mg/kg-day)-1 2.3E-07 2.7E-08 mg/kg-day 2.5E-05 mg/kg-day 1.1E-03
Chromium 1.8E+02 mg/kg 1.0E-06 mg/kg-day -- -- -- 7.3E-05 mg/kg-day 2.0E-02 mg/kg-day 3.7E-03
Cobalt 2.1E+01 mg/kg 1.3E-07 mg/kg-day -- -- -- 8.9E-06 mg/kg-day 3.0E-04 mg/kg-day 3.0E-02
Copper 4.7E+01 mg/kg 2.8E-07 mg/kg-day -- -- -- 1.9E-05 mg/kg-day 4.0E-02 mg/kg-day 4.9E-04
Iron 4.9E+04 mg/kg 2.9E-04 mg/kg-day -- -- -- 2.0E-02 mg/kg-day 7.0E-01 mg/kg-day 2.9E-02
Lead 2.9E+01 mg/kg 1.7E-07 mg/kg-day -- -- -- 1.2E-05 mg/kg-day -- -- --
Manganese 6.2E+02 mg/kg 3.6E-06 mg/kg-day -- -- -- 2.5E-04 mg/kg-day 1.4E-01 mg/kg-day 1.8E-03
Mercury 3.6E-01 mg/kg 2.1E-09 mg/kg-day -- -- -- 1.5E-07 mg/kg-day 1.0E-04 mg/kg-day 1.5E-03
Molybdenum 8.5E-01 mg/kg 5.0E-09 mg/kg-day -- -- -- 3.5E-07 mg/kg-day 5.0E-03 mg/kg-day 7.0E-05
Nickel 1.0E+02 mg/kg 5.9E-07 mg/kg-day -- -- -- 4.1E-05 mg/kg-day 8.0E-04 mg/kg-day 5.2E-02
Selenium 4.6E-01 mg/kg 2.7E-09 mg/kg-day -- -- -- 1.9E-07 mg/kg-day 5.0E-03 mg/kg-day 3.8E-05
Silver 4.5E-01 mg/kg 2.6E-09 mg/kg-day -- -- -- 1.8E-07 mg/kg-day 2.0E-04 mg/kg-day 9.2E-04
Vanadium 1.6E+02 mg/kg 9.4E-07 mg/kg-day -- -- -- 6.6E-05 mg/kg-day 1.3E-04 mg/kg-day 5.1E-01
Zinc 1.3E+02 mg/kg 7.5E-07 mg/kg-day -- -- -- 5.3E-05 mg/kg-day 3.0E-01 mg/kg-day 1.8E-04
4,4'-DDD 2.4E-03 mg/kg 7.1E-11 mg/kg-day 2.4E-01 (mg/kg-day)-1 1.7E-11 5.0E-09 mg/kg-day 5.0E-04 mg/kg-day 1.0E-05
4,4'-DDE 9.1E-04 mg/kg 2.7E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 9.2E-12 1.9E-09 mg/kg-day 5.0E-04 mg/kg-day 3.8E-06
4,4'-DDT 1.7E-03 mg/kg 4.9E-11 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.7E-11 3.4E-09 mg/kg-day 5.0E-04 mg/kg-day 6.8E-06
alpha-Chlordane 1.2E-04 mg/kg 3.5E-12 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.2E-12 2.5E-10 mg/kg-day 5.0E-04 mg/kg-day 5.0E-07
2-Methylnaphthalene 6.4E-03 mg/kg 5.7E-10 mg/kg-day -- -- -- 4.0E-08 mg/kg-day 4.0E-03 mg/kg-day 1.0E-05
Acenaphthene 1.2E-02 mg/kg 1.1E-09 mg/kg-day -- -- -- 7.7E-08 mg/kg-day 6.0E-02 mg/kg-day 1.3E-06
Acenaphthylene 9.3E-03 mg/kg 8.2E-10 mg/kg-day -- -- -- 5.8E-08 mg/kg-day 6.0E-02 mg/kg-day 9.6E-07
Anthracene 3.1E-02 mg/kg 2.8E-09 mg/kg-day -- -- -- 1.9E-07 mg/kg-day 3.0E-01 mg/kg-day 6.5E-07
Fluorene 8.4E-03 mg/kg 7.4E-10 mg/kg-day -- -- -- 5.2E-08 mg/kg-day 4.0E-02 mg/kg-day 1.3E-06
Naphthalene 1.4E-02 mg/kg 1.3E-09 mg/kg-day -- -- -- 8.9E-08 mg/kg-day 2.0E-02 mg/kg-day 4.4E-06
Phenanthrene 1.1E-01 mg/kg 9.3E-09 mg/kg-day -- -- -- 6.5E-07 mg/kg-day 3.0E-01 mg/kg-day 2.2E-06
Benzo(a)anthracene 9.5E-02 mg/kg 8.4E-09 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.0E-08 5.9E-07 mg/kg-day -- -- --
Benzo(a)pyrene 1.9E-01 mg/kg 1.6E-08 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.2E-07 1.2E-06 mg/kg-day -- -- --
Benzo(b)fluoranthene 1.2E-01 mg/kg 1.0E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.2E-08 7.3E-07 mg/kg-day -- -- --
Benzo(g,h,i)perylene 1.8E-01 mg/kg 1.6E-08 mg/kg-day -- -- -- 1.1E-06 mg/kg-day 3.0E-02 mg/kg-day 3.7E-05
Benzo(k)fluoranthene 1.1E-01 mg/kg 1.0E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.2E-08 7.0E-07 mg/kg-day -- -- --
Chrysene 1.1E-01 mg/kg 9.9E-09 mg/kg-day 1.2E-01 (mg/kg-day)-1 1.2E-09 6.9E-07 mg/kg-day -- -- --
Dibenz(a,h)anthracene 1.9E-02 mg/kg 1.7E-09 mg/kg-day 7.3E+00 (mg/kg-day)-1 1.2E-08 1.2E-07 mg/kg-day -- -- --
Fluoranthene 2.3E-01 mg/kg 2.1E-08 mg/kg-day -- -- -- 1.4E-06 mg/kg-day 4.0E-02 mg/kg-day 3.6E-05
Indeno(1,2,3-cd)pyrene 1.6E-01 mg/kg 1.4E-08 mg/kg-day 1.2E+00 (mg/kg-day)-1 1.7E-08 9.9E-07 mg/kg-day -- -- --
Pyrene 2.9E-01 mg/kg 2.6E-08 mg/kg-day -- -- -- 1.8E-06 mg/kg-day 3.0E-02 mg/kg-day 6.1E-05
Dibutyltin 1.3E-03 mg/kg 7.8E-11 mg/kg-day -- -- -- 5.5E-09 mg/kg-day 3.0E-04 mg/kg-day 1.8E-05
Tributyltin 4.0E-03 mg/kg 2.4E-10 mg/kg-day -- -- -- 1.7E-08 mg/kg-day 3.0E-04 mg/kg-day 5.6E-05
Total PCB Congeners 3.0E-02 mg/kg 2.7E-09 mg/kg-day 2.0E+00 (mg/kg-day)-1 5.4E-09 1.9E-07 mg/kg-day 2.0E-05 mg/kg-day 9.4E-03
Total TEQ – PCB DLC 8.7E-06 mg/kg 1.5E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 2.0E-08 1.1E-11 mg/kg-day 7.0E-10 mg/kg-day 1.5E-02

Exp. Route Total 2.5E-06 7.5E-01
Exposure Point Total 5.8E-06 1.6E+00

Exposure Medium Total 5.8E-06 1.6E+00
Medium Total 5.8E-06 1.6E+00

Total of Receptor Risks across All Media 5.8E-06 Total of Receptor Hazards across All Media 1.6E+00
Acronyms/Abbreviations:
-- = not available or not applicable (mg/kg-day)- 1/(milligram[s] per kilogram per day)
CSF = cancer slope factor mg/kg = milligram(s) per kilogram
DDD = dichlorodiphenyldichloroethane mg/kg-day = milligram(s) per kilogram per day
DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl
DDT = dichlorodiphenyltrichloroethane RfC = reference concentration
EPC = exposure point concentration RfD = reference dose
Exp. = exposure RME = reasonable maximum exposure
M = lifetime exposure from birth, mutagenic endpoint TCDD = tetrachlorodibenzo-p-dioxin
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TABLE A-17B

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Aluminum -- -- -- -- 2.1E-01 -- 3.1E-02 2.5E-01

Antimony -- -- -- -- 6.5E-03 -- 6.3E-03 1.3E-02
Arsenic 2.8E-06 -- 2.0E-06 4.8E-06 6.8E-02 -- 5.0E-02 1.2E-01
Barium -- -- -- -- 6.8E-03 -- 1.4E-02 2.1E-02
Cadmium 3.9E-07 -- 2.3E-07 6.2E-07 1.8E-03 -- 1.1E-03 2.9E-03
Chromium -- -- -- -- 3.3E-04 -- 3.7E-03 4.1E-03
Cobalt -- -- -- -- 2.0E-01 -- 3.0E-02 2.3E-01
Copper -- -- -- -- 3.3E-03 -- 4.9E-04 3.8E-03
Iron -- -- -- -- 2.0E-01 -- 2.9E-02 2.3E-01
Lead -- -- -- -- -- -- -- --
Manganese -- -- -- -- 1.2E-02 -- 1.8E-03 1.4E-02
Mercury -- -- -- -- 1.0E-02 -- 1.5E-03 1.2E-02
Molybdenum -- -- -- -- 4.8E-04 -- 7.0E-05 5.5E-04
Nickel -- -- -- -- 1.4E-02 -- 5.2E-02 6.6E-02
Selenium -- -- -- -- 2.6E-04 -- 3.8E-05 3.0E-04
Silver -- -- -- -- 2.5E-04 -- 9.2E-04 1.2E-03
Vanadium -- -- -- -- 9.0E-02 -- 5.1E-01 6.0E-01
Zinc -- -- -- -- 1.2E-03 -- 1.8E-04 1.4E-03
4,4'-DDD 2.3E-11 -- 1.7E-11 4.0E-11 1.4E-05 -- 1.0E-05 2.4E-05
4,4'-DDE 1.3E-11 -- 9.2E-12 2.2E-11 5.2E-06 -- 3.8E-06 8.9E-06
4,4'-DDT 2.3E-11 -- 1.7E-11 3.9E-11 9.3E-06 -- 6.8E-06 1.6E-05
alpha-Chlordane 1.7E-12 -- 1.2E-12 2.9E-12 6.8E-07 -- 5.0E-07 1.2E-06
2-Methylnaphthalene -- -- -- -- 4.5E-06 -- 1.0E-05 1.5E-05
Acenaphthene -- -- -- -- 5.8E-07 -- 1.3E-06 1.9E-06
Acenaphthylene -- -- -- -- 4.4E-07 -- 9.6E-07 1.4E-06
Anthracene -- -- -- -- 2.9E-07 -- 6.5E-07 9.4E-07
Fluorene -- -- -- -- 5.9E-07 -- 1.3E-06 1.9E-06
Naphthalene -- -- -- -- 2.0E-06 -- 4.4E-06 6.5E-06
Phenanthrene -- -- -- -- 9.9E-07 -- 2.2E-06 3.2E-06
Benzo(a)anthracene 4.6E-09 -- 1.0E-08 1.5E-08 -- -- -- --
Benzo(a)pyrene 5.5E-08 -- 1.2E-07 1.8E-07 -- -- -- --
Benzo(b)fluoranthene 5.7E-09 -- 1.2E-08 1.8E-08 -- -- -- --
Benzo(g,h,i)perylene -- -- -- -- 1.7E-05 -- 3.7E-05 5.4E-05
Benzo(k)fluoranthene 5.5E-09 -- 1.2E-08 1.7E-08 -- -- -- --
Chrysene 5.4E-10 -- 1.2E-09 1.7E-09 -- -- -- --
Dibenz(a,h)anthracene 5.5E-09 -- 1.2E-08 1.8E-08 -- -- -- --
Fluoranthene -- -- -- -- 1.6E-05 -- 3.6E-05 5.3E-05
Indeno(1,2,3-cd)pyrene 7.7E-09 -- 1.7E-08 2.5E-08 -- -- -- --
Pyrene -- -- -- -- 2.8E-05 -- 6.1E-05 8.8E-05
Dibutyltin -- -- -- -- 1.2E-05 -- 1.8E-05 3.1E-05
Tributyltin -- -- -- -- 3.8E-05 -- 5.6E-05 9.4E-05
Total PCB Congeners 2.5E-09 -- 5.4E-09 7.8E-09 4.3E-03 -- 9.4E-03 1.4E-02
Total TEQ – PCB DLC 4.5E-08 -- 2.0E-08 6.5E-08 3.5E-02 -- 1.5E-02 5.0E-02

Chemical Total 3.3E-06 -- 2.5E-06 5.8E-06 8.7E-01 -- 7.5E-01 1.6E+00
Exposure Point Total 5.8E-06 1.6E+00

Exposure Medium Total 5.8E-06 1.6E+00
Medium Total 5.8E-06 1.6E+00
Receptor Total Total Risk across All Media 5.8E-06 Total Hazard across All Media 1.6E+00
Acronyms/Abbreviations:

-- = not available or not applicable DDT = dichlorodiphenyltrichloroethane
DDD = dichlorodiphenyldichloroethane PCB = polychlorinated biphenyl
DDE = dichlorodiphenyldichloroethylene TCDD = tetrachlorodibenzo-p-dioxin

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures
Summary of Receptor Risks and Hazards - Construction Worker, Reference Stations

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Cancer Risk Noncancer Hazard Quotient
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TABLE A-17C

Scenario Timeframe:   Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Ingestion Inhalation Dermal
Exposure 

Routes Total Ingestion Inhalation Dermal
Exposure 

Routes Total
Sediment Sediment Sediment Arsenic 2.8E-06 -- 2.0E-06 4.8E-06 6.8E-02 -- 5.0E-02 1.2E-01

Chemical Total -- -- -- 4.8E-06 -- -- -- 1.2E-01
Exposure Point Total 4.8E-06 1.2E-01

Exposure Medium Total 4.8E-06 1.2E-01
Medium Total 4.8E-06 1.2E-01
Receptor Total Total Risk across All Media 4.8E-06 Total Hazard across All Media 1.2E-01
Acronyms/Abbreviations:

-- = not available or not applicable

Cancer Risk Noncancer Hazard Quotient

Summary of Risk Drivers - Construction Worker, Reference Stations

Medium
Exposure 
Medium

Exposure 
Point

Chemical of 
Potential Concern

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures
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TABLE A-18

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Future
Recreational User a

Future
Construction Worker

Future
Recreational User a

Future
Construction Worker

7E-06 2E-06 2E-01 7E-01
1E-06 2E-06 4E-02 7E-01
9E-06 4E-06 3E-01 1E+00

3E-04 -- 1E+00 --
3E-04 -- 1E+00 --

4E-04 4E-06 2E+00 1E+00

9E-06 3E-06 3E-01 8E-01
2E-06 2E-06 5E-02 7E-01
1E-05 5E-06 3E-01 2E+00

3E-04 -- 9E-01 --
3E-04 -- 9E-01 --

3E-04 5E-06 1E+00 2E+00

1E-05 3E-06 3E-01 9E-01
2E-06 3E-06 6E-02 9E-01
1E-05 6E-06 4E-01 2E+00

3E-04 -- 9E-01 --
3E-04 -- 9E-01 --

3E-04 6E-06 1E+00 2E+00

1E-05 3E-06 4E-01 1E+00
3E-06 3E-06 8E-02 1E+00
1E-05 6E-06 5E-01 2E+00

3E-04 -- 9E-01 --
3E-04 -- 9E-01 --

3E-04 6E-06 1E+00 2E+00

1E-05 3E-06 4E-01 1E+00
2E-06 3E-06 9E-02 1E+00
1E-05 6E-06 5E-01 2E+00

3E-04 -- 1E+00 --
3E-04 -- 1E+00 --

3E-04 6E-06 2E+00 2E+00

Point 
Avisadero Area

South Basin 
Area X

Eastern 
Wetland Area

Area

India Basin I

Oil 
Reclamation 

Area

Macoma Exposure Pathway

Macoma Ingestion
Macoma TOTAL

Multipathway Total

Dermal Contact with Sediment

Macoma Ingestion
Macoma TOTAL

Multipathway Total

Sediment Exposure Pathways

Sediment Ingestion

Sediment Exposure Pathways

Sediment Ingestion
Dermal Contact with Sediment

Sediment TOTAL

Macoma Exposure Pathway

NONCANCER HAZARD

Sediment TOTAL

CANCER RISK

Exposure Pathway

Sediment Exposure Pathways

Sediment Ingestion
Dermal Contact with Sediment

Sediment TOTAL

Dermal Contact with Sediment
Sediment TOTAL

Multipathway Total

Sediment TOTAL

Sediment Exposure Pathways

Sediment Ingestion

Macoma Ingestion
Macoma TOTAL

Macoma Exposure Pathway

Macoma Exposure Pathway

Dermal Contact with Sediment

Macoma Exposure Pathway

Macoma Ingestion
Macoma TOTAL

Multipathway Total

Summary of Cancer Risks and Noncancer Hazards

Macoma Ingestion
Macoma TOTAL

Multipathway Total

Sediment Exposure Pathways

Sediment Ingestion
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TABLE A-18

Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

Future
Recreational User a

Future
Construction Worker

Future
Recreational User a

Future
Construction Worker

Area

NONCANCER HAZARDCANCER RISK

Exposure Pathway

Summary of Cancer Risks and Noncancer Hazards

1E-05 3E-06 3E-01 9E-01
2E-06 2E-06 5E-02 8E-01
1E-05 6E-06 3E-01 2E+00

3E-04 -- 7E-01 --
3E-04 -- 7E-01 --

3E-04 6E-06 1E+00 2E+00

Notes:
In accordance with USEPA (1989), cumulative risk and hazard estimates are presented to one significant figure.
-- Not applicable; exposure pathway is not complete for this receptor.
a

Reference:

Reference 
Stations

For the recreational user, the cancer risk for sediment exposure is based on adult and child exposures while the noncancer hazard is based 
on child exposure only. The cancer risk and noncancer hazard for recreational ingestion of macoma is based on adult exposure only.

United States Environmental Protection Agency (USEPA). 1989. Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part 
A), Interim Final. Office of Emergency and Remedial Response. EPA/540/1-89/002. December. 

Sediment Exposure Pathways

Macoma TOTAL

Multipathway Total

Sediment Ingestion
Dermal Contact with Sediment

Sediment TOTAL

Macoma Exposure Pathway

Macoma Ingestion
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TABLE A-19

A1.  Shellfish Consumption, Recreational User - Summary of Cumulative RME Cancer Risks

Cumulative Risk at HPS 
Cumulative Risk from 

Reference 
Exceedance Above Safe 

Risk Level (10-6)? 
Exceedance Above 
Reference Levels? 

Cumulative Risk at HPS 
Cumulative Risk from 

Reference 
Exceedance Above Safe 

Risk Level (10-6)? 
Exceedance Above 
Reference Levels? 

RME Exposure Factors RME Exposure Factors RME Risk RME Risk RME Exposure Factors RME Exposure Factors RME Risk RME Risk 

Eastern Wetland Area 2.2E-02 3.3E-02 Yes No 3.5E-04 3.1E-04 Yes Yes

India Basin Area I 1.7E-03 3.3E-02 Yes No 2.7E-04 3.1E-04 Yes No

Oil Reclamation Area 3.9E-02 3.3E-02 Yes Yes 3.1E-04 3.1E-04 Yes Yes

Point Avisadero Area 1.8E-03 3.3E-02 Yes No 2.7E-04 3.1E-04 Yes No

South Basin Area X 4.3E-02 3.3E-02 Yes Yes 2.7E-04 3.1E-04 Yes No

Note:

Results based on adult exposure only.

A2.  Shellfish Consumption, Recreational User - RME Cancer Risk Drivers by Area

Arsenic Chromium Total Congeners Dioxin Arsenic Chromium Total Congeners Dioxin Arsenic Cadmium Total PCB Congeners Total TEQ – PCB DLC Total TEQ – TCDD DLC Arsenic Cadmium
Total PCB 
Congeners

Total TEQ – PCB 
DLC

Total TEQ – TCDD 
DLC

Eastern Wetland Area 1.9E-03 1.5E-04 6.9E-05 1.9E-02 1.7E-03 1.6E-04 1.2E-05 3.1E-02 3.1E-04 2.0E-05 7.3E-07 1.8E-05 -- 2.7E-04 1.7E-05 1.8E-07 7.1E-06 3.8E-07

India Basin Area I 1.5E-03 9.0E-05 2.5E-05 – 1.7E-03 1.6E-04 1.2E-05 3.1E-02 2.5E-04 5.4E-06 -- 1.3E-05 -- 2.7E-04 1.7E-05 1.8E-07 7.1E-06 3.8E-07

Oil Reclamation Area 1.6E-03 1.3E-04 5.8E-04 3.6E-02 1.7E-03 1.6E-04 1.2E-05 3.1E-02 2.8E-04 2.3E-05 2.6E-06 5.5E-06 -- 2.7E-04 1.7E-05 1.8E-07 7.1E-06 3.8E-07

Point Avisadero Area 1.6E-03 1.8E-04 3.8E-05 – 1.7E-03 1.6E-04 1.2E-05 3.1E-02 2.6E-04 5.7E-06 -- 8.1E-06 -- 2.7E-04 1.7E-05 1.8E-07 7.1E-06 3.8E-07

South Basin Area X 1.5E-03 1.1E-04 4.7E-04 4.1E-02 1.7E-03 1.6E-04 1.2E-05 3.1E-02 2.5E-04 5.7E-06 5.0E-06 7.6E-06 8.7E-07 2.7E-04 1.7E-05 1.8E-07 7.1E-06 3.8E-07

Note:

--  Chemical was not identified as a risk driver for this area (cancer risk did not exceed 1E-06).

Results based on adult exposure only.

A3.  Shellfish Consumption, Adult Recreational User - Percent Contribution by Area and Ratios of Chemical-Specific RME Cancer Risks

Arsenic Chromium Total Congeners Dioxin Arsenic Chromium Total Congeners Dioxin Arsenic Cadmium Total PCB Congeners Total TEQ – PCB DLC Total TEQ – TCDD DLC Arsenic Cadmium
Total PCB 
Congeners

Total TEQ – PCB 
DLC

Total TEQ – TCDD 
DLC

Eastern Wetland Area 9% 0.70% 0.30% 90% 1.1 1 6 0.6 89% 6% -- 5% -- 1.1 1.2 4.0 2.6 --

India Basin Area I 90% 5% 1.50% – 0.9 0.6 2.2 – 93% 2% -- 5% -- 0.9 0.3 -- 1.9 --

Oil Reclamation Area 4% 0.30% 1.50% 94% 1 0.8 50.1 1.2 90% 7% 1% 2% -- 1.0 1.4 14.4 0.8 --

Point Avisadero Area 86% 10% 2.10% – 0.9 1.2 3.3 – 95% 2% -- 3% -- 0.9 0.3 -- 1.1 --

South Basin Area X 3% 0.30% 1.10% 95% 0.9 0.7 41.1 1.3 92% 2% 2% 3% 0.3% 0.9 0.3 27.7 1.1 2.3

Note:

--  Chemical was not identified as a risk driver for this area (cancer risk did not exceed 1E-06).

Results based on adult exposure only.

B1.  Direct Contact with Sediment, Recreational User - Summary of Cumulative RME Cancer Risks

Cumulative Risk at HPS 
Cumulative Risk from 

Reference 
Exceedance Above Safe 

Risk Level (10-6)? 
Exceedance Above 
Reference Levels? 

Cumulative Risk at HPS 
Cumulative Risk from 

Reference 
Exceedance Above Safe 

Risk Level (10-6)? 
Exceedance Above 
Reference Levels? 

RME Exposure Factors RME Exposure Factors RME Risk RME Risk RME Exposure Factors RME Exposure Factors RME Risk RME Risk 

Eastern Wetland Area 3.4E-06 2.6E-06 Yes Yes 8.6E-06 1.1E-05 Yes No

India Basin Area I 3.4E-06 2.6E-06 Yes Yes 1.0E-05 1.1E-05 Yes No

Oil Reclamation Area 4.9E-06 2.6E-06 Yes Yes 1.2E-05 1.1E-05 Yes Yes

Point Avisadero Area 3.8E-06 2.6E-06 Yes Yes 1.4E-05 1.1E-05 Yes Yes

South Basin Area X 3.7E-06 2.6E-06 Yes Yes 1.3E-05 1.1E-05 Yes Yes

Note:

a  Previous results based on adult exposure only; updated results based on combined adult and child exposure (cumulative lifetime risk).

2005 HHRA Results (a) Updated HHRA Results (a)

Area 

Area 

2005 HHRA Results Updated HHRA Results
Individual Risk at HPS Individual Risk at Reference Individual Risk at HPS Individual Risk at Reference 

Area 

2005 HHRA Results Updated HHRA Results

% Contribution to Cumulative HPS RME Risk Ratio of Individual Risk from HPS Site to Reference % Contribution to Cumulative HPS RME Risk Ratio of Individual Risk from HPS Site to Reference 

Comparison of Updated HHRA Results with 2005 HHRA Results
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

2005 HHRA Results

Area 

Updated HHRA Results
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TABLE A-19
Comparison of Updated HHRA Results with 2005 HHRA Results
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

B2.  Direct Contact with Sediment, Recreational User - RME Cancer Risk Drivers by Area

Arsenic Chromium Benzo(a)pyrene Total Congeners  Arsenic Chromium Benzo(a)pyrene Total Congeners BAP (EQ)* Arsenic BAP (EQ)* Arsenic Cadmium

Eastern Wetland Area 7.1E-07 2.5E-06 1.0E-07 6.1E-09 8.9E-07 1.5E-06 1.5E-07 4.9E-09 1.1E-06 6.8E-06 1.4E-06 8.6E-06 1.2E-06

India Basin Area I 8.0E-07 2.3E-06 1.9E-07 1.6E-08 8.9E-07 1.5E-06 1.5E-07 4.9E-09 1.9E-06 7.8E-06 1.4E-06 8.6E-06 1.2E-06

Oil Reclamation Area 9.3E-07 3.7E-06 1.6E-07 6.0E-08 8.9E-07 1.5E-06 1.5E-07 4.9E-09 1.4E-06 9.0E-06 1.4E-06 8.6E-06 1.2E-06

Point Avisadero Area 9.1E-07 2.2E-06 3.8E-07 9.8E-08 8.9E-07 1.5E-06 1.5E-07 4.9E-09 3.7E-06 8.8E-06 1.4E-06 8.6E-06 1.2E-06

South Basin Area X 8.3E-07 2.2E-06 2.1E-06 2.8E-07 8.9E-07 1.5E-06 1.5E-07 4.9E-09 2.3E-06 8.1E-06 1.4E-06 8.6E-06 1.2E-06

Note:

a  Previous results based on adult exposure only; updated results based on combined adult and child exposure (cumulative lifetime risk).

B3.  Direct Contact with Sediment, Recreational User - Percent Contribution by Area and Ratios of Chemical-Specific RME Cancer Risks

Arsenic Chromium Benzo(a)pyrene Total Congeners  Arsenic Chromium Benzo(a)pyrene Total Congeners BAP (EQ)* Arsenic BAP (EQ)* Arsenic

Eastern Wetland Area 13% 80% 0.78 0.80

India Basin Area I 18% 74% 1.40 0.91

Oil Reclamation Area 12% 78% 1.02 1.05

Point Avisadero Area 26% 63% 2.67 1.03

South Basin Area X 18% 63% 1.68 0.94

Note:

a  Updated results based on combined adult and child exposure (cumulative lifetime risk).

C1.  Shellfish Consumption, Recreational User - Summary of Noncancer Hazard Indices

Hazard Index at HPS 
Hazard Index from 

Reference 
Exceedance Above 
Benchmark (1.0)? 

Exceedance Above 
Reference Levels? 

Hazard Index at HPS 
Hazard Index from 

Reference 
Exceedance Above 
Benchmark (1.0)? 

Exceedance Above 
Reference Levels? 

RME Exposure Factors RME Exposure Factors RME Risk RME Risk RME Exposure Factors RME Exposure Factors RME Risk RME Risk 

Eastern Wetland Area 1.1E+01 9.8E+00 Yes Yes 1.3E+00 7.4E-01 Yes Yes

India Basin Area I 8.8E+00 9.8E+00 Yes No 9.3E-01 7.4E-01 No Yes

Oil Reclamation Area 9.6E+00 9.8E+00 Yes No 9.4E-01 7.4E-01 No Yes

Point Avisadero Area 1.0E+01 9.8E+00 Yes Yes 8.6E-01 7.4E-01 No Yes

South Basin Area X 8.9E+00 9.8E+00 Yes No 1.2E+00 7.4E-01 Yes Yes

Note:

Results based on adult exposure only.

C2.  Shellfish Consumption, Recreational User - RME Noncancer Hazard Index Drivers by Area

Individual Hazard at 
HPS 

Individual Hazard at 
Reference 

Arsenic Chromium Mercury Cadmium  Arsenic Chromium Mercury Cadmium None None

Eastern Wetland Area 9.8E+00 6.3E-01 1.6E-01 1.6E-01 8.6E+00 6.4E-01 1.6E-01 1.2E-01 -- --

India Basin Area I 7.9E+00 3.7E-01 1.3E-01 6.5E-02 8.6E+00 6.4E-01 1.6E-01 1.2E-01 -- --

Oil Reclamation Area 8.3E+00 5.3E-01 1.8E-01 7.8E-02 8.6E+00 6.4E-01 1.6E-01 1.2E-01 -- --

Point Avisadero Area 8.1E+00 7.5E-01 1.1E+00 6.8E-02 8.6E+00 6.4E-01 1.6E-01 1.2E-01 -- --

South Basin Area X 7.8E+00 4.6E-01 1.6E-01 6.8E-02 8.6E+00 6.4E-01 1.6E-01 1.2E-01 -- --

Note:

Results based on adult exposure only.

2005 HHRA Results

Ratio of Individual Risk from HPS Site to 
Reference 

Area 

Not calculated Not calculated

2005 HHRA Results Updated HHRA Results

Area 

Updated HHRA Results

Individual Hazard at HPS Individual Hazard at Reference 

Area 

Previous 2005 HHRA Results Updated HHRA Results (a)

% Contribution to Cumulative HPS RME Risk Ratio of Individual Risk from HPS Site to Reference % Contribution to Cumulative HPS RME Risk 

2005 HHRA Results (a) Updated HHRA Results (a)
Area Individual Risk at HPS Individual Risk at Reference Individual Risk at HPS Individual Risk at Reference 
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TABLE A-19
Comparison of Updated HHRA Results with 2005 HHRA Results
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

C3.  Shellfish Consumption, Recreational User - Percent Contribution by Area and Ratio of Individual Noncancer Hazard Indices

% Contribution to 
Cumulative HPS RME 

Hazard 

Ratio of Individual 
Hazard from HPS Site 

to Reference 

Arsenic Chromium Mercury Cadmium  Arsenic Chromium Mercury Cadmium Not Calculated Not Calculated

Eastern Wetland Area 88% 6% 1% 2% 1.1E+00 1.0E+00 1.0E+00 1.3E+00 -- --

India Basin Area I 90% 4% 2% 1% 9.0E-01 6.0E-01 8.0E-01 5.0E-01 -- --

Oil Reclamation Area 87% 6% 2% 1% 1.0E+00 8.0E-01 1.1E+00 6.0E-01 -- --

Point Avisadero Area 77% 7% 11% 1% 9.0E-01 1.2E+00 6.9E+00 6.0E-01 -- --

South Basin Area X 88% 5% 2% 1% 9.0E-01 7.0E-01 1.0E+00 6.0E-01 -- --

Note:

Results based on adult exposure only.

D1.  Direct Contact with Sediment, Recreational User - Summary of Noncancer Hazard Indices

Hazard Index at HPS 
Hazard Index from 

Reference 
Exceedance Above 
Benchmark (1.0)? 

Exceedance Above 
Reference Levels? 

Hazard Index at HPS 
Hazard Index from 

Reference 
Exceedance Above 
Benchmark (1.0)? 

Exceedance Above 
Reference Levels? 

RME Exposure Factors RME Exposure Factors RME Risk RME Risk RME Exposure Factors RME Exposure Factors RME Risk RME Risk 

Eastern Wetland Area 8.2E-02 6.0E-02 No Yes 2.9E-01 3.4E-01 No No

India Basin Area I 7.3E-02 6.0E-02 No Yes 3.2E-01 3.4E-01 No No

Oil Reclamation Area 1.1E-01 6.0E-02 No Yes 3.7E-01 3.4E-01 No Yes

Point Avisadero Area 8.4E-02 6.0E-02 No Yes 4.6E-01 3.4E-01 No Yes

South Basin Area X 7.8E-02 6.0E-02 No Yes 4.7E-01 3.4E-01 No Yes

Notes:

Previous and current results based on child only.

E1.  Direct Contact with Sediment, Construction Worker - Summary of Cumulative RME Cancer Risks

Cumulative Risk at HPS 
Cumulative Risk from 

Reference 
Exceedance Above Safe 

Risk Level (10-6)? 
Exceedance Above 
Reference Levels? 

Cumulative Risk at HPS 
Cumulative Risk from 

Reference 
Exceedance Above Safe 

Risk Level (10-6)? 
Exceedance Above 
Reference Levels? 

RME Exposure Factors RME Exposure Factors RME Risk RME Risk RME Exposure Factors RME Exposure Factors RME Risk RME Risk 

Eastern Wetland Area 5.2E-07 4.1E-07 No Yes 4.4E-06 5.8E-06 Yes No

India Basin Area I 5.3E-07 4.1E-07 No Yes 5.1E-06 5.8E-06 Yes Yes

Oil Reclamation Area 7.6E-07 4.1E-07 No Yes 5.9E-06 5.8E-06 Yes Yes

Point Avisadero Area 6.0E-07 4.1E-07 No Yes 6.5E-06 5.8E-06 Yes Yes

South Basin Area X 5.8E-07 4.1E-07 No Yes 6.2E-06 5.8E-06 Yes Yes

Notes:

Previous and current results based on child only.

E2.  Direct Contact with Sediment, Construction Worker - RME Cancer Risk Drivers by Area

Individual Risk at HPS 
Individual Risk at 

Reference 
Individual Risk at HPS 

Individual Risk at 
Reference 

None None Arsenic Arsenic

Eastern Wetland Area -- -- 3.9E-06 4.8E-06

India Basin Area I -- -- 4.4E-06 4.8E-06

Oil Reclamation Area -- -- 5.1E-06 4.8E-06

Point Avisadero Area -- -- 5.0E-06 4.8E-06

South Basin Area X -- -- 4.5E-06 4.8E-06

Note:

--  No chemicals were identified as risk drivers (no chemical-specific cancer risks exceeded 1E-06).

Previous and current results based on child only.

Previous HHRA Results Updated HHRA Results

Area 

Area 

Area 

% Contribution to Cumulative HPS RME Hazard 

2005 HHRA Results

Area 

2005 HHRA Results Updated HHRA Results

Previous HHRA Results Updated HHRA Results

Ratio of Individual Hazard from HPS Site to Reference 

Updated HHRA Results
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TABLE A-19
Comparison of Updated HHRA Results with 2005 HHRA Results
Appendix A - Updated Human Health Risk Assessment for Chemical Exposures

E3.  Direct Contact with Sediment, Construction Worker - Percent Contribution by Area and Ratios of Chemical-Specific RME Cancer Risks

% Contribution to 
Cumulative HPS RME 

Risk 

Ratio of Individual 
Hazard from HPS Site to 

Reference 

Arsenic Arsenic

Eastern Wetland Area 88% 0.8

India Basin Area I 86% 0.9

Oil Reclamation Area 86% 1.0

Point Avisadero Area 76% 1.0

South Basin Area X 73% 0.9

F1.  Direct Contact with Sediment, Construction Worker - Summary of RME Noncancer Hazard Indices

Hazard Index at HPS 
Hazard Index from 

Reference 
Exceedance Above 
Benchmark (1.0)? 

Exceedance Above 
Reference Levels? 

Hazard Index at HPS 
Hazard Index from 

Reference 
Exceedance Above 
Benchmark (1.0)? 

Exceedance Above 
Reference Levels? 

RME Exposure Factors RME Exposure Factors RME Risk RME Risk RME Exposure Factors RME Exposure Factors RME Risk RME Risk 

Eastern Wetland Area 7.0E-02 6.0E-02 Yes No 1.4E+00 1.6E+00 Yes No

India Basin Area I 7.0E-02 6.0E-02 Yes No 1.6E+00 1.6E+00 Yes No

Oil Reclamation Area 1.0E-01 6.0E-02 Yes Yes 1.8E+00 1.6E+00 Yes Yes

Point Avisadero Area 8.0E-02 6.0E-02 Yes Yes 2.4E+00 1.6E+00 Yes Yes

South Basin Area X 8.0E-02 6.0E-02 Yes Yes 2.4E+00 1.6E+00 Yes Yes

F2.  Direct Contact with Sediment, Construction Worker - RME Noncancer Hazard Index Drivers by Area 

Individual Hazard at HPS 
Individual Hazard at 

Reference 

None None

Eastern Wetland Area -- --

India Basin Area I -- --

Oil Reclamation Area -- --

Point Avisadero Area -- --

South Basin Area X -- --

Note:

--  No chemicals were identified as risk drivers (no chemical-specific noncancer hazard indices exceeded 1).

Abbreviations:

BAP (EQ) = benzo(a)pyrene equivalents

DLC = dioxin-like congeners

HHRA = human health risk assessment

HPS = Hunters Point Shipyard

PCB = polychlorinated biphenyls

RME = reasonable maximum exposure

TCDD = tetrachlorodibenzo-p-dioxin

TEQ = toxicity equivalent

Updated HHRA Results

Previous HHRA Results Updated HHRA Results

Updated HHRA Results

Area 

Area 

Area 
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RESPONSE TO COMMENTS ON 
DRAFT ADDENDUM TO THE FEASIBILITY STUDY REPORT FOR PARCEL F, HUNTERS POINT NAVAL SHIPYARD,  

SAN FRANCISCO, CALIFORNIA 

KCH-2622-0005-0125 Page 1 of 24 July 2016 

Comments from: 
Amy D. Brownell, P.E., Environmental Engineer, City and County of San Francisco Department of Public Health (SFDPH), March 2, 2016 
Comment 
Number 

Section/ 
Page Comment Response 

General Comments: 

1.  Please consider appending ProUCL output files for the derivation 
of EPCs associated with Section 5 and Appendix A. 

Tables A-1 and A-2 summarize the specific 95 percent 
upper confidence limit (95 UCL) concentrations calculated 
and recommended by the ProUCL software. These tables 
also summarize the chemical-specific data distributions and 
statistics on which the recommended 95 UCLs are based.  

Specific Comments: 

1.  Section 1.1, Parcel F 
Study Areas Page 1-2, 
First Paragraph. 

Please define HRA in the first sentence of this paragraph.  The term “Historical Radiological Assessment (HRA)” has 
been added. 

2.  Section 3.1.1, Phase 1 
Radiological Screening 
Survey, Page 3-1, Last 
Paragraph: 

The last sentence of the last paragraph states “the re-analysis is 
explained further in Section 3.1.1.3”. Please revise the sentence 
to reference the correct Section “the re-analysis is explained 
further in Section 3.1.3”. 

The section number has been corrected to 3.1.3. 

3.  Section 3.1.2, 
Radiological Data Gap 
Investigation Phase 2a 
(2011) Page 3-2, First 
Paragraph: 

The first paragraph of this section states that “the sediment 
sampling activities conducted as part of Phase 2a were focused 
on the Submarine Area and the Berths North Area…”Please 
provide a figure reference to sampling locations for Phase 2a DGI. 

A reference to Figures 3-2 and 3-3 has been added. 

4.  Section 3.1.2, 
Radiological Data Gap 
Investigation Phase 2a 
(2011) Page 3-2, Fourth 
Paragraph: 

Please provide reference to the sections within this report or other 
reports that support the statement that “the sediment in this area 
will not likely be eroded” based on the Sedflume analysis. 

The statement is based on the findings of the Sedflume and 
sediment geochronology age dating analysis presented in 
Appendix D of Final Technical Memorandum for 
Radiological Data Gap Investigation Phase 2a at Parcel F, 
Hunters Point Naval Shipyard, San Francisco, California 
(Battelle and Sea Engineering, Inc., 2013). The citation for 
this investigation has been added to the last sentence of the 
fourth paragraph of Section 3.1.2. 

5.  Section 3.1.3, 
Radiological Data Gap 
Investigation Phase 2b 
(2013),Page 3-3, 
Second Paragraph:  

This paragraph discusses the retesting of archived Phase 1 
samples that were reanalyzed to confirm Ra-226 exceedances 
that were approximately three times greater than mean values 
reported by Test America. Please provide the dates for the two 
different analyses and/or provide confirmation that samples were 
analyzed within appropriate holding times. 

The first set of samples was analyzed in 2009, and the 
second analysis was performed in 2013. There is no 
required holding time for radium-226 analysis in EPA 901.1. 
Radium-226 has a 1,600-year half-life; thus, the 
concentrations 4 years later are essentially the same. 
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SAN FRANCISCO, CALIFORNIA 

KCH-2622-0005-0125 Page 2 of 24 July 2016 

Comments from: 
Amy D. Brownell, P.E., Environmental Engineer, City and County of San Francisco Department of Public Health (SFDPH), March 2, 2016 
Comment 
Number 

Section/ 
Page Comment Response 

6.  Section 3.1.3, 
Radiological Data Gap 
Investigation Phase 2b 
(2013) Page 3-3, 
Second Paragraph: 

The text states that “only 11 of the 15 Phase 1 samples had 
sufficient archived volumes for re-analysis” and “no Ra-226 
exceedances of the PAL were detected during the subsequent 
Phase 2b investigation”. Did the remaining four samples that were 
not analyzed have detections of Ra-226? Please elaborate. 

The remaining four samples were analyzed in 2009 and had 
detections of radium-226. The samples could not be 
reanalyzed because of insufficient sample volume. See 
Section 3.2.2 and Table 3-9 of the Phase 2b report for 
additional details. 

7.  Section 4.1, Summary of 
Parcel F Sediment 
Radionuclide Data, 
Page 4-1, First 
Paragraph: 

For the bullet points referring to the samples collected during 
Phase 1, Phase 2a, and Phase 2b, please reference applicable 
figures. For addition clarification, in Figures 3-2 through 3-5, 
please differentiate between the Phase 1 and Phase 2a sampling 
location symbols. 

The bullet list has been revised to add the correct figure 
number, and the Phase 1 and Phase 2a symbols are now 
different on figures in Section 3.0.  

8.  Section 4.1.2, Statistical 
Analysis of Radionuclide 
Distribution, Page 4-2 to 
4-3, Last Paragraph: 

The text states “Parcel F sediment data from all three phases 
were statistically compared to sediment data from the six 
reference areas to determine if the radionuclide activity levels in 
HPNS Parcel F sediments were statistically greater than the 
background radionuclide activity levels in San Francisco Bay 
sediments concentrations greater than PALs (Table 3-1)”. Please 
clarify this statement with the note presented in Table 3-1, which 
states “The PALs including the background values (PAL + 
background concentration) were used for comparison purposes, 
as discussed in Section 4, to determine if any areas of surface 
sediments pose an unacceptable risk to human health or the 
environment”. 

The note has been revised to read as follows: “The PALs, 
including the background values (PAL + background 
concentration), were used for comparison purposes, as 
discussed in Section 4.0.” 

9.  Section 4.1.4.1, 
Summary of Tissue 
Analytical Results, Page 
4-5, First Paragraph: 

At the end of this section, if it accurate to do so, please provide a 
statement that the tissue concentrations do not pose risk to 
human health or environment despite the inability to analyze the 
undetected or estimated values. 

The following text has been added to the end of Section 
4.1.4.1: “However, the analytical results indicate that 
bioaccumulation of ROCs in clam tissue does not pose risk 
to human health or the environment. The two results 
qualified as estimated concentrations below the reporting 
limit are 23 times (Ra-226 at SA-05) to 1,440 times (Cs-137 
at SA-05) less than respective PALs that are protective of 
human health and the environment. Maximum nondetected 
results for Parcel F samples range from 20 times (Ra-226 at 
BS09A) to 17,900 times (Co-60 at SB07A) less than 
respective PALs.” 
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10.  Section 4.2.1, Survey 
Design, Page 4-6, First 
Paragraph: 

Please define Class 3 Survey Units. The following text has been added: “A Class 3 survey unit is 
defined as an area having slight or no potential for residual 
radioactivity.” The entire paragraph references the Multi-
Agency Radiation Survey and Site Investigation Manual 
(MARSSIM; USEPA, 2000), so no reference is added at the 
end of this sentence. 

11.  Section 5.1.2.1, Phase 1 
and 2a Investigations, 
Page 5-3, Second 
Paragraph: 

Please include reference to calculations and/or a table that 
illustrates data that was used to calculate the cumulative sum of 
fraction results. This data will help to justify the statement “the 
cumulative sum of fraction results for all three CSM exposure 
scenarios and all six ROCs was 0.16”. 

A reference to Section 3.2.3 and Table 3-1 of Battelle and 
Sea Engineering, Inc. (2013) was added to the second 
paragraph of Section 5.1.2.1, to justify the basis for the sum 
of fraction results of 0.16. 

12.  Section 5.1.3.1, Step 1- 
Calculate Exposure 
Point Concentrations for 
Each ROC and CSM 
Exposure Scenario, 
page 5-4, third 
paragraph: 

Regarding the sentence “…. In Pro UCL identify the statistical 
distribution type (i.e., normal lognormal or nonparametric”). Please 
add gamma distribution to these examples.  

The third paragraph of Section 5.1.3.1 has been revised to 
include gamma distribution to the list of statistical 
distribution types identified by ProUCL. 

13.  Section 5.2, Combined 
Radiological and 
Chemical Risk, Page 5-
7, Last Paragraph: 

This paragraph states that chemical risks associated with Parcel F 
for recreational users is 4X10-4, which exceeds the lower end of 
the USEPA management range for cancer risks. Provide 
additional explanation for why this is an acceptable risk level, and 
any steps that will be implemented to protect workers and 
recreational users. 

The objective of the addendum to the Feasibility Study (FS) 
for Parcel F is to determine whether remedial actions to 
address radionuclides of concern (ROCs) are needed. 
Remedial actions to protect receptors from potential 
exposure to nonradiological chemicals are not addressed in 
the FS for Parcel F. However, the following sentence has 
been added to the end of the seventh paragraph of Section 
5.2: “The final feasibility study for Parcel F evaluates 
remedial alternatives to address chemical contamination 
found in sediments at Parcel F (Barajas, 2008).”  

14.  Section 6.0, Sediment 
Stability, Page 6-2, First 
Paragraph: 

The sediment stability report concluded that storm waves would 
re-suspend only the top few centimeters of sediment. If there is 
available sampling data to provide evidence that the top few 
centimeters did not have ROC detections, include this as 
justification that erosion of sediments will not redistribute ROCs; 
please reference the pertinent data table(s) in the earlier reports. 
If data is unavailable, please provide additional justification that 
surface sediment erosion will not redistribute ROCs. 

As described in Section 4.1.3 of the Draft Addendum to the 
Feasibility Study Report for Parcel F, sediment samples 
collected (including those from cores in the 0- to 1 -foot-
below-ground-surface interval that include the top few 
centimeters of sediment) did not contain ROC 
concentrations exceeding the project action limit (PAL) + 
background. 
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15.  Table 5.3, Cancer Risk 
for Radionuclides of 
Concern in Sediments: 

The Parcel F EPCs presented in the third column of Table 5-3 are 
maximum concentrations. The footnote in Table 5-3 also states 
that EPCs are based on 95% UCLs. The EPCs should correspond 
to the 95% UCLs presented in tenth column of Table 5.2. The 
Incremental Lifetime Cancer Risk estimates presented in Table 
5.3 and Table 5.4 appear to be based on 95 % UCLs presented in 
Table 5.2 and should be verified.  

Maximum concentrations were incorrectly listed as 
exposure point concentrations (EPCs) in the third column of 
Table 5-3. The concentrations shown in this column have 
been revised to show the 95 UCL concentrations presented 
in Table 5-2. The radiological risks based on the Parcel F 
EPCs presented in Tables 5-2 and 5-3 are correctly based 
on 95 UCL concentrations as EPCs.  

16.  Appendix A Updated 
Human Health Risk 
Assessment: 

The update should include a section that describes the human 
health conceptual site model.  

Section 1.0 of Appendix A has been revised to refer the 
reader to the Hunters Point Shipyard Parcel F, Validation 
Study Report (Validation Study; Battelle et al., 2005). The 
Validation Study report provides further information on the 
human populations and exposure pathways evaluated for 
chemical exposure. 

17.  Appendix A Updated 
Human Health Risk 
Assessment, Section 3.1 
Exposure Assumptions 
and Section 3.2 Dermal 
Absorption Factors, 
Page A-3: 

These sections reference the 2014 USEPA Regional Screening 
Levels. The EPA Regional Screening Levels for Chemical 
Contaminants at Superfund Sites were revised in November 2015. 
Please revise the updated chemical HHRA to use the 2015 RSLs.  

Although the FS addendum included an updated chemical 
human health risk assessment (HHRA), the 2008 FS for 
Parcel F identified chemicals of concern (COCs) for 
sediment and evaluated remedial alternatives for reducing 
potential human and ecological risk from exposure to the 
COCs. The United States Department of the Navy (Navy) 
anticipates that the remedy for COCs at Parcel F will include 
capping or dredging of sediments. Because COCs have 
already been identified for Parcel F, and remedial 
alternatives for the COCs have already been evaluated, no 
further updates to the HHRA will be made as part of the FS 
addendum, which addresses ROCs. 
The FS addendum for Parcel F presented chemical risks in 
order to estimate the overall (radiological plus chemical) 
potential human health risk associated with Parcel F, in 
accordance with United States Environmental Protection 
Agency (USEPA; 1989). The HHRA was updated as part of 
the FS addendum to incorporate changes to USEPA and 
California Department of Toxic Substances Control (DTSC) 
methods for HHRAs because a number of these methods 
had changed since the original HHRA was completed in 
2005 during the Validation Study (Battelle et al., 2005).  
In addition, the shellfish consumption rate that was used in 
the original HHRA was revised following completion of the 
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Validation Study in 2005. The shellfish consumption rate 
was revised during the 2008 FS for Parcel F. As noted in 
the 2008 FS, the shellfish consumption rate used in the 
2005 Validation Study reflected consumption rates 
appropriate for sport fish, not shellfish (Barajas, 2008). The 
rate was revised in the 2008 FS to reflect the percentage of 
shellfish that typically composes total seafood consumption 
among San Francisco Bay anglers (Barajas, 2008). The 
revised shellfish consumption rate was used in the 2008 FS 
to calculate preliminary remediation goals (PRGs) for 
nonradiological COCs in sediment. The revised shellfish 
consumption rate was also used in the updated chemical 
HHRA included in the FS addendum. 
There were no changes between the dermal absorption 
factors provided in the USEPA regional screening levels 
(RSLs) from May 2014 RSLs and used in the updated 
chemical HHRA and the absorption factors from the 
November 2015 RSLs 

18.  Appendix A, Section 4.4, 
Chromium page A-5, 
first paragraph, fourth 
sentence: 

We agree that trivalent chromium is the probable dominant 
species in sediment; however, use of the trivalent chromium 
toxicity criteria for total chromium should be further supported. 
Please provide a reference for the sentence, “However, chromium 
in reducing or even mildly oxidizing conditions do not provide 
stability for chromium in the hexavalent state”. In addition, please 
expand the discussion of a reducing environment for chromium in 
sediment. 

Section 4.4 of Appendix A has been revised to include 
additional information that substantiates the assumption that 
trivalent chromium is the dominant species of chromium in 
sediment. Specifically, the first paragraph on page A-5 has 
been revised and expanded as follows:  
“Chromium is a COPC in sediment and clam (Macoma 
nasuta) tissue. In the absence of speciation data, the 2005 
HHRA assumed all chromium in sediment and clam tissue 
was present as hexavalent chromium for estimating health 
risks. Hexavalent chromium is considered a carcinogen 
(USEPA, 2014a). However, chromium in reducing or even 
mildly oxidizing conditions in aquatic environments is 
present primarily as trivalent chromium because these 
conditions do not provide stability for chromium in the 
hexavalent state (Rifkin, et. al., 2004). Under the anoxic 
conditions present in most sediments, hexavalent chromium 
is readily reduced to the trivalent form by a number of 
naturally-occurring chemical and microbial species. Natural 
chemical reductants include reduced iron and sulfur species 
as well as organic sediment constituents. Once formed, 
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trivalent chromium has very low solubility at mid-range pH 
values due to the formation of Cr(OH)3. Oxidation of trivalent 
to hexavalent chromium does not readily occur, even in the 
presence of possible oxidants such as oxygen or MnO2, due 
to the general reductive capacity of the sediments 
(Sorensen, et. al., 2010; Truex, et. al., 2015). For these 
reasons, the updated HHRA based toxicity criteria for 
chromium on trivalent chromium. Trivalent chromium is only 
associated with noncancer effects (USEPA, 2014a).” 

19.  Appendix A, Section 5.4, 
Lead, page 113, first 
paragraph: 

We recommend using the HERO 2011 residential risk-based soil 
screening level for lead (i.e., 80 mg/kg). 

Please see the response to SFDPH Specific Comment 17. 
The COCs identified for sediment at Parcel F include lead. 
The remedial action objectives and alternatives in the 2008 
FS for Parcel F address lead. 

20.  Appendix A, Table A-1 
Exposure Point 
Concentration Summary 
for Sediment and Table 
A-2 Exposure Point 
Concentration Summary 
for Macoma: 

Please add to footnote (a) that it is the reporting limit that exceeds 
the maximum detected concentration for high censored results. 

Footnote (a) in Tables A-1 and A-2 has been revised to 
indicate that the nondetected results are based on the 
sample-specific detection limits. 

21.  Appendix A, Table A-3 
Values Used for Daily 
Intake, Sediment 
Exposure: 

HERO Note 1 was revised in September 2014. Please update the 
chemical HHRA to use the most recent revision. 

Please see the response to SFDPH Specific Comment 17. 
COCs have already been identified for Parcel F, and 
remedial alternatives for the COCs have already been 
evaluated; therefore, no further updates to the HHRA will be 
made as part of the FS Addendum, which addresses ROCs. 

22.  Appendix A, Table A-3, 
Values Used for Daily 
Intake, Sediment 
Exposure: 

The RME skin surface area for the construction worker scenario 
should be revised to 6,032 cm2, consistent with HERO Note 1 
(September 2014). 

Please see the response to SFDPH Specific Comment 17. 
COCs have already been identified for Parcel F, and 
remedial alternatives for the COCs have already been 
evaluated; therefore, no further updates to the HHRA will be 
made as part of the FS Addendum, which addresses ROCs. 

23.  Appendix A, Table A-5, 
Cancer and Noncancer 
Toxicity Values Used for 
Risk Estimates:  

Please format the right hand side of the Table notes, which are 
currently not visible. 

The format for all tables in Appendix A has been checked to 
ensure that all fields and portions of the tables are visible. 
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24.  Appendix A, Tables A-
10A, A-11A, A-12A, A-
13A, A-14A, A-15A, A-
16A, A-17A:  

Please include Medium, Exposure Medium, Exposure Point, and 
Exposure Route fields at the top of each page of the Risk 
Characterization tables. 

The format for all tables in Appendix A has been checked to 
ensure that all fields and portions of the tables are visible. 

25.  Appendix A, Table A-18, 
Summary of Cancer 
Risks and Noncancer 
Hazards:  

Note (a) states that the non-cancer hazard is based on child 
exposure; however, the macoma exposure pathway is included in 
the multi-pathway Hazard Index and includes adult systemic 
effects. Please revise the footnote to clarify. 

Note (a) on Table A-18 has been revised to indicate that the 
recreational user noncancer hazard for the shellfish 
(Macoma nasuta) exposure pathway is based on adult 
exposure only. 
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Specific Comments: 

1.  Executive Summary The FS report concluded that no radioactivity in excess of natural 
occurring background levels was identified. However, it also 
indicated that radiological commodities may be present. Therefore, 
the executive summary should conclude that due to the potential for 
radiological commodities to be present in sediment, institutional 
controls may be required for sediment, in regards to dredging and 
other sediment moving activities, in order to address potential 
exposure to commodities and waste disposal of such. This 
information should also be added to Section 8. 

No radioluminescent commodities, such as dials, gauges, 
and deck markers, have been found in Parcel F. The HRA 
did not identify the potential for commodities at Parcel F 
(NAVSEA, 2004). The parcel was recommended for 
further investigation and those investigations have shown 
that Parcel F is not impacted. Nevertheless, to address 
the remote potential for radiological commodities at Parcel 
F, the Navy is recommending institutional controls that will 
require dredging activities, including dredge spoil reuse 
and disposal, to be reviewed and approved by DTSC prior 
to commencing dredging activities. 
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Specific Comments: 
1.  Exposure Parameters   

 Section 3.1 and Table 
A-3 

a.  The updated HHRA uses the more conservative values for 
exposure assumptions from those listed in the May 2014 USEPA 
Regional Screening Levels (RSLs) and the parameters listed in 
DTSC's HHRA Note 1 dated 2011. Please note that DTSC 
updated their recommended exposure parameters in September 
2014, as discussed in HHRA Note 1 
(http://www.dtsc.ca.gov/AssessingRisk/upload/HHRA_Note1-
2.pdf). The 2014 HRHA Note 1 should be used in this updated 
HHRA. Please update all references to the 2014 version in the 
text and tables.  

a.  Please see the response to SFDPH Specific Comment 
17. COCs have already been identified for Parcel F, 
and remedial alternatives for the COCs have already 
been evaluated; therefore, no further updates to the 
HHRA will be made as part of the FS Addendum, 
which addresses ROCs. 

 Table A-3 b.  Table A-3. HERO reviewed Table A-3. For the construction 
worker skin surface area (SA), HERO now recommends a SA of 
6032 cm2/day. Please update Table A-3 and corresponding risk 
calculations.  

b.  Please see the response to SFDPH Specific Comment 
17. COCs have already been identified for Parcel F, 
and remedial alternatives for the COCs have already 
been evaluated; therefore, no further updates to the 
HHRA will be made as part of the FS Addendum, 
which addresses ROCs. 

 Shellfish consumption 
rate.  

c.  The shellfish consumption rate was revised in the updated 
HHRA from 0.048 kg/day to 0.00213 kg/day, to reflect the 
approach established in the 2008 Feasibility Study (FS) report 
for Parcel F. Please address whether the shellfish consumption 
rate established in the 2008 FS report takes into consideration 
the current population makeup of the Hunters Point area? 
According to the Final 2014 Community Involvement Plan 
Update the Asian population at the Hunters Point area is 40.8%.  

c.  As indicated in the 2008 FS for Parcel F (Barajas, 
2008), the revised shellfish consumption rate of 
0.00213 kilograms per day (kg/day) is based on the 
seafood consumption study completed by the San 
Francisco Estuary Institute (SFEI, 2001) and the study 
by Wong (1997). The SFEI (2001) study reported a 
value of 48 grams per day (90th percentile) for a 
reasonable maximum exposure scenario. The SFEI 
(2001) study was based on Wong (1997), which 
reported that shellfish typically make up only 5 percent 
of total seafood consumption among San Francisco 
Bay anglers; adjusting the SFEI (2001) study seafood 
consumption rate by the shellfish-specific percentage 
reported by Wong (1997) resulted in a revised shellfish 
ingestion rate of 0.00213 kg/day. 

The SFEI (2001) study encompassed the San Francisco 
Bay Area, and not specifically the Hunters Point area. 
Thirty-three percent of overall study respondents were of 
Asian ethnicity. However, this percentage includes 
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respondents for all modes of fishing evaluated in the 
study: fishing, including pier, beach & bank, private boat, 
and party boat. For shore-based modes of fishing (i.e., 
pier or beach and bank), over 50 percent of study 
respondents interviewed at the Candlestick Point study 
location (just south of the Hunters Point area) were of 
Asian ethnicity (SFEI, 2001). In addition, 45 percent and 
42 percent of overall study respondents who fished by pier 
or beach and bank modes, respectively, were Asian 
(SFEI, 2001). 
The remedial goal established in the 2008 FS for Parcel F 
for total polychlorinated biphenyls (PCBs) in sediment at 
Parcel F of 1,240 micrograms per kilogram (µg/kg) is an 
ecological-based remedial goal that is also protective of 
human receptors for the shellfish consumption pathway. 
The total PCB remedial goal of 1,240 µg/kg has also been 
adopted by USEPA as the cleanup goal for total PCBs at 
the adjacent Yosemite Slough site.  

 Dermal Absorption 
Factors - Section 3.2 

d. Please note in October 2015 DTSC released an updated version 
of the Preliminary Endangerment Assessment (PEA) Guidance. 
The updated HHRA references the 2013 document with respect 
to recommended dermal absorption factors. This comment is 
intended for informational purposes only as the dermal 
absorption factors recommended in the 2015 PEA are consistent 
with USEPA and those used in the updated HHRA. 

d. Please see the response to SFDPH Specific Comment 
17. COCs have already been identified for Parcel F, 
and remedial alternatives for the COCs have already 
been evaluated; therefore, no further updates to the 
HHRA will be made as part of the FS Addendum, 
which addresses ROCs. 

2.  Lead - Section 5.4.  At several areas in Parcel F, the maximum and 95%UCL 
concentrations of lead exceed the DTSC recommended residential 
lead screening level of 80 mg/kg, which is an updated value since 
the 2005 HHRA. These include: the Point Avisadero Area with a 
maximum lead concentration of 275 mg/kg and a 95%UCL of 104 
mg/kg; and South Basin Area X with a maximum lead concentration 
of 142 mg/kg and 95% UCL of 98 mg/kg. The text states that since 
the lead concentrations are below the USEPA RSL of 400 mg/kg no 
further evaluation was conducted in the updated HRHA. Please 
revise the updated HHRA to include an evaluation of lead against 
the DTSC screening level, more specifically the incremental 
increase in blood lead of 1 ug/dL, CalEPA's blood lead criteria.  

Please see the response to SFDPH Specific Comment 19. 
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3.  Table A-19 Comparison of Updated HHRA Results with 2005 HHRA Results. 
Please provide an explanation as to what the "Exceedance Above 
Reference Levels" means in the following sub-tables: A1, B1, C1, 
D1, E1, and F1. Please also explain what "Cumulative Risk from 
Reference" (A1, B1, E1) and "Hazard Index from Reference" (C1, 
D1, and F1) means. What are the "reference levels"? and how were 
they established? 

Table A-19 uses the same format that was used in the 
2005 HHRA to summarize the updated HHRA results. The 
same format was used for consistency with the original 
HHRA presented in the Validation Study (Battelle et al., 
2005). The “Exceedance Above Reference Levels” 
column shown in subtables A1, B1, C1, D1, and F1 in 
Table A-1 compares the cumulative cancer risks for Parcel 
F (second and sixth columns) to the cumulative cancer 
risks calculated based on reference levels (third and 
seventh columns). These subtables also compare the 
cumulative noncancer hazard indices (HIs) for Parcel F 
(second and sixth columns) to the cumulative noncancer 
HIs based on reference levels (third and seventh 
columns). If the cumulative Parcel F cancer risk (or 
noncancer HI) exceeded the cumulative cancer risk (or 
noncancer HI) calculated for the reference area, then a 
“Yes” is shown in the “Exceedance Above Reference 
Levels” column. 
Reference locations for sediment and clam tissue 
(Macoma nasuta) samples and data quality objectives for 
the reference sampling were established in the Hunters 
Point Shipyard Parcel F Validation Study Work Plan 
(Battelle et al., 2001). Reference site stations were 
selected based on the following criteria: (1) similar 
physical characteristics to Hunters Point Shipyard 
sediments, (2) representative of regional ambient 
conditions, (3) history of use in support of past 
environmental evaluations for Navy programs or other 
programs in San Francisco Bay, and (4) proximity to 
Hunters Point Naval Shipyard (Battelle et al., 2005). The 
Validation Study Report details the analytical results for 
the reference samples (Battelle et al., 2005).  
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The chemicals detected in reference area samples and 
the corresponding EPCs are summarized at the bottom of 
Tables A-1 (sediment) and A-2 (clam tissue). These 
chemicals and EPCs, along with the exposure assumption 
in Tables A-3 and A-4 and the toxicity criteria in Table A-5, 
were used to calculate the reference area risks and HIs; 
That is, the same exposure assumptions and toxicity 
criteria that were used to calculate risks and HIs for each 
of the Parcel F exposure areas were used to calculate 
risks and HIs for the reference area. 
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General Comments: 

1.   Please include the raw data in the draft final document. The raw data packages are large and were provided in the 
Phase 2a and Phase 2b reports. These prior reports will 
be provided to the agencies separately on CD.  
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General Comments: 

1.   Section 1.1 states, “Structures such as the piers and berths within 
Parcel F are not part of this FS [feasibility study] report because 
they are being addressed as time-critical removal actions as 
specified in the Final Basewide Radiological Removal Action, Action 
Memorandum (Navy, 2006);” however, the time-critical removal 
action (TCRA) to remove the piers was already completed. While 
radiological sampling was completed, chemical sampling has not. 
Please revise the Draft Addendum to summarize the radiological 
sampling conducted as part of the TCRA at the piers. In addition, 
please revise the Draft Addendum to acknowledge that chemical 
sampling is required in these areas and that the chemical risk 
assessment will need to be reassessed when this data becomes 
available. 

The Navy did conduct radiological sampling during the 
pier TCRA but that sampling was conducted on the wood 
and concrete pier material for disposal purposes. Prior 
chemical and radiological sampling of sediments is 
representative of these areas. Additional chemical 
sampling in the vicinity of the removed piers will be 
conducted. However, the risk assessment will not be 
reassessed and no changes are required to the Draft FS 
Addendum. 

2.   According to Section 3.1.3, Phase 1 samples were re-analyzed to 
confirm or reject radium-226 (Ra-226) exceedances and assess the 
need for potential step-out sampling; however, only 11 of the 15 
Phase 1 samples had sufficient archived volume for re-analysis. 
While the re-analysis results indicated that none of the 11 Phase 1 
samples were found to exceed the applicable Project Action Limits 
(PALs) for Ra-226, the locations of the four Phase 1 samples that 
were not reassessed are not provided and/or referenced. As such, it 
is unclear if the four Phase 1 samples were concentrated to a 
specific area and represent a potential data gap. Similarly, the 
range of original activities conducted is not discussed preventing an 
assessment of a significant amount of the results. Please revise the 
Draft Addendum to clarify the locations of the four Phase 1 samples 
which were not re-analyzed to confirm or reject Ra-226 
exceedances and assess the need for potential step-out sampling. 

The four samples included one sample from SA05 and 
three samples from SB09.  
The Phase 2b report evaluated potential data gaps (Phase 
2b Report, Section 3.1.1) after the re-analysis was 
performed on other samples and the original reported 
concentrations were rejected, including those from SA05 
and SB09. See Figure 3-2 for SA05, and Figure 3-5 for 
SB09 and the additional samples surrounding the original 
locations. See Phase 2b Report Section 3.2.2 and Table 
3-9 for additional details on re-analysis.  
Step -out samples for SA05 (SA420, 421, 422, and 426 at 
four depths, from Phase 2b Report Appendix B1) had a 
maximum detected radium-226 concentration of 0.701 
picoCuries per gram (pCi/g), below the PAL of 1.6 pCi/g. 
Step-out samples for SB09 (SB246, 232, and 233 at four 
depths, from Phase 2b Report Appendix B1) had a 
maximum detected radium-226 concentration of 
0.623 pCi/g, below the PAL of 1.6 pCi/g. 
Stakeholders, including USEPA concurred with the 
Phase 2b report. The FS addendum has been revised to 
state that 28 step-out samples associated with SA05 and 
SB09 samples had low concentrations of radium-226 (less 
than 0.7 pCi/g). 
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3.   Section 3.3 of the draft addendum uses the term Project Action 
Limit (PAL) rather than Derived Concentration Guide Limit (DCGL) 
to establish a value above which some sort of remedial action would 
be required. The draft addendum does not provide any details as to 
how the PALs were derived; however, the mathematical model does 
appear to have included consumption of seafood that was caught by 
occasional recreational fishermen, ingestion of sediment and direct 
exposure, and the PALs appear to have been derived for a 1 x 10-4 
risk level. The Draft Addendum should include calculated DCGLs for 
each of the radionuclides, with an appendix that shows the formulas 
and assumptions that were used in the calculations. Please also 
provide an explanation of why the Navy chose to depart from the 
concept of DCGLs in favor of PALs, together with an explanation of 
the differences between the two concepts. 

See the response to USEPA General Comment 8. PALs 
were derived during Phase 1 and Phase 2a and were 
approved by the regulatory agencies and the Navy for 
decision-making purposes. Except for the intertidal PAL 
for radium-226, the PALs are based on a target cancer 
risk level of 1x10-6. Formulas and assumptions used to 
calculate the PALs are provided in Section 2.2.1 of the 
Phase 2a Report. The intertidal PAL for radium-226 is 
1 pCi/g above background and has been used on this 
project since Phase 1 in 2009, with the approval of 
regulatory agencies. The 2008 FS for Parcel F used these 
values to evaluate risk. 
Derived concentration guideline levels (DCGL) is defined 
in the MARSSIM as a release criterion that is met post -
remediation to release a site for compliance; however, this 
Parcel F project is being executed under the 
Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA), not under MARSSIM. 
Remediation for radionuclides is not warranted, making 
DCGLs irrelevant to Parcel F. 

4.   Section 4.0 of the draft addendum provides no data tables because 
only existing data was used for the study. However, the figures and 
tables do provide summary statistics. Figures 4-1 and 4-2 are box-
and-whisker plots of measurement data for the ROCs. The 
investigators also performed the Wilcoxson Rank-Sum Test 
(described in the draft addendum as the Mann-Whitney Test) to 
determine if the sample measurement data sets have approximately 
the same distributions as the reference area (background) 
measurements. In all cases the WRS Test yielded p-values of 
<0.0001, indicating that the probability that the concentrations of the 
ROCs in the samples could exceed the concentrations in the 
reference data set by more than the PAL is less than 1/100th of 1% 
(0.01%). Please revise the document to include all of the data that 
were used to determine the relevant concentrations of the ROCs, 
showing sums, averages, detection limits, summary statistics and 
any other pertinent data that leads to the values that were used in 
comparing the sample area and reference area measurements with 
the DCGLs. Please provide a workup of the risks for each 

See the response to DTSC General Comment 1, which 
indicates that historical reports containing the raw data will 
be provided separately to the agencies. The information 
requested for sums, averages, and detection limits are 
provided in the original reports (Phase 2a and Phase 2b).  
Consistent with the approach used for the Phase 2a and 
Phase 2b data gap investigations (DGIs), potential human 
health risks from exposure to ROCs are evaluated on a 
parcel-wide basis. Section 5.0 of the FS addendum 
provides the risk evaluation for ROCs for the combined 
Parcel F data (from the Phase 1 data re-analysis, Phase 
2a DGI, and Phase 2b DGI), and presents the overall 
(cumulative) risks for ROCs and chemicals at Parcel F. 
Appendix C in these reports also provides the results of 
the Wilcoxon Rank Sum (WRS) Test. 
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radionuclide in each sample area and of the effect that those 
additional risks have on the overall risks in Parcel F from all 
contaminants. 

5.   Section 4.1.2 states that background concentrations of the ROCs 
were “defined as the combination of both natural and anthropogenic 
inputs in areas not affected or influenced by the HPNS.” This 
approach differs from previous approaches encountered at other 
sites. It is customary to exclude contaminants of anthropogenic 
origin from background concentrations. While it is difficult to 
separate the contributions of contaminants of anthropogenic origin 
from those of natural origin in either the reference area or the study 
area, this is a subject that should not be dismissed lightly. Please 
provide a discussion of the several measurements in the sample 
data sets that were greater than the highest values in the reference 
area data sets, together with a demonstration of how data sets can 
pass the WRST, even when some concentrations in the sample 
data sets are significantly higher than those in the reference area 
data sets. 

The selection of the background reference area, the data 
collected, and the evaluations performed was deemed 
acceptable and concurrence was obtained from regulatory 
agencies, including USEPA, during Phases 1, 2a, and 2b. 
The FS Addendum only uses these data and the 
conclusions from those approved documents. See 
Appendix C that uses the background plus the PAL for the 
WRS Test, not only background. A point-by-point 
comparison to background was not performed. This 
approach was also concurred with by the agencies. 
It is not possible to separate the contributions of 
contaminants of anthropogenic origin from those of natural 
origin in either the reference area or the study area. The 
Navy does not dismiss or take lightly any radiological 
issues. 

6.   U.S. EPA’s "Radiation Risk Assessment at CERCLA Sites: Q & A" 
states “The PRG calculators (U.S. EPA 2002a, 2007, 2009a), which 
are used to develop risk-based PRGs for radionuclides, are 
recommended by EPA for Superfund remedial radiation risk 
assessments.” (Source: https://epa-prgs.ornl.gov 
/radionuclides/RadRiskQAwithtransmitmemo_June_13_2014.pdf) 
As one of multiple lines of evidence, please revise Section 5.0 to 
show results from the EPA PRG Calculators for Parcel F. This 
addition would help demonstrate consistency with U.S. EPA’s 
CERCLA approaches. The software is public and free. The human 
health PRG calculator is at https://epa-prgs.ornl.gov/radionuclides/ 
and the ecological risk version is at https://epa-
eco.ornl.gov/radionuclides/.  

See the response to USEPA General Comment 3. Similar 
to PRGs, the PALs for Parcel F are risk-based. The PALs 
were derived during the Phase 1 and Phase 2a DGIs and 
were approved by the regulatory agencies, including 
USEPA and the Navy for decision-making purposes. 
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7.   Section 5.0 references shellfish consumption patterns based on a 
San Francisco Estuary Institute study from 2000 and assumes no 
subsistence or commercial harvest. This study is not specific to the 
neighborhood near the Hunters Point Naval Shipyard. The Agency 
for Toxic Substances and Disease Registry (ATSDR) 2009 Public 
Health Assessment for the Hunters Point Naval Shipyard stated the 
following: 

Please see the response to DTSC HERO Specific 
Comment 1c, and the response to SFDPH Specific 
Comment 17. COCs have already been identified for 
Parcel F, and remedial alternatives for the COCs have 
already been evaluated. The remedial alternatives for 
COCs address the shellfish consumption pathway and will 
limit receptor exposure to COCs from this pathway. No 
further updates to the HHRA will be made as part of the 
FS Addendum, which addresses ROCs.  

  “Subsistence, commercial and sport fishing take place near and off 
the HPA shore. People who eat fish and shellfish may be exposed 
to contaminants in fish. People considered at special risk are Asians 
(about 14% of the population of the Hunters Point/Bayview area), 
whose fish and shellfish ingestion rates are greater (60-138 
grams/day) and more frequent (more than once a day) than the 
general population. Available information also shows that the 
potential exposures may be quite varied, ranging from occasional to 
long term depending on the population's fishing practices and fish-
consumption rates.” (Source: http://www.atsdr.cdc.gov/ 
HAC/pha/PHA.asp?docid=26&pg=4).  
Since that time, demographics in the Bayview Hunters Point Naval 
Shipyard have shifted to become 40.8% “Asian” and 10.4% to 
26.9% “Hispanic/Latino,” according to the Navy’s 2014 Community 
Involvement Plan Update. New residents may consume different 
quantities, species, and parts of the body of fish and shellfish. 
Members of the community report that some local residents are 
subsistence fishers and some sell their catch to restaurants. Please 
revise the Draft Addendum to address these concerns with 
assumptions in the Human Health Risk Assessment.  
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8.   Several documents are referenced throughout the Draft Addendum 
and included in Section 9.0; however, given the reliance on the 
information provided in these documents, it would be helpful if the 
documents were provided in an Appendix on a CD-ROM within the 
Draft Addendum. For example, information (e.g., statistical design 
and methods, sediment stability evaluations) presented in Final 
Technical Memorandum for Radiological Data Gap Investigation 
Phase 2a at Parcel F, Hunters Point Naval Shipyard, San 
Francisco, California, dated April 2013 (Phase 2a Report) and the 
Final Technical Memorandum for Radiological Data Gap 
Investigation Phase 2b at Parcel F, Hunters Point Naval Shipyard, 
San Francisco, California, dated September 2013 (Phase 2b 
Report) is referenced throughout the Draft Addendum; however, 
these documents may not be easily accessible. Please revise the 
Draft Addendum to provide these and other frequently referenced 
documents in an Appendix on the CD-ROM. 

The Phase 2a and Phase 2b reports will be provided on a 
compact disc separate from the FS Addendum report. 
these documents are lengthy; for example, the Phase 2b 
report is 52,492 pages.  

Specific Comments: 

1.  Section 2.1, HPNS 
Background, Page 2-1:  

The first paragraph of Section 2.1 implies that the Navy began using 
Hunters Point Naval Shipyard in 1945; however, the Navy acquired 
Hunters Point in 1939. From 1939 to 1944, the Hunters Point 
property was known as U.S. Naval Drydocks, Hunters Point; it was 
renamed Hunters Point Naval Shipyard in 1945. This is of particular 
note given that the radiological contamination likely began in 1939 
when radioluminescent devices came into wide use, as discussed in 
Section 2.3.1. Please revise Section 2.1 to clarify that the Navy 
acquired Hunters Point in 1939 and from 1939 to 1944, the Hunters 
Point property was known as U.S. Naval Drydocks, Hunters Point. 

Section 2.1 has been revised to clarify that the Navy 
acquired Hunters Point on December 29,1939, and from 
1939 to 1944, the Hunters Point property was known as 
United States Naval Drydocks, Hunters Point. 
Although radioluminescent devices were used by the Navy 
when it acquired the property, there is no documentation 
showing that contamination began in 1939.  

2.  Section 5.2, Combined 
Radiological and 
Chemical Risk, Page 
5-8:  

The text indicates that the assessment of radiological risks for 
construction workers would show that the radionuclide of concern 
(ROC) risks are below the PAL + background risks. Please revise 
Section 5.2 to provide and/or reference information to substantiate 
that assessment of radiological risks for construction workers is 
unwarranted due to the ROC risks being below the PAL + 
background risks. 

Section 5.2 has been revised to clarify that because all 
ROC concentrations at Parcel F are below PAL + 
background concentrations (the maximum allowable 
concentration for ROCs established for Parcel F), 
corresponding risks for ROC concentrations at Parcel F 
are below corresponding risks for PAL + background 
concentrations (see Table 5-1).  
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3.  Section 6.0, Sediment 
Stability, Page 6-1:  

According to Section 6.0, the SEDZLJ model was used to determine 
the bottom shear stresses from storm waves in the South Basin for 
a 25-year storm. Please revise Section 6.0 to clarify how 
assessment of bottom shear stresses from storm waves in the 
South Basin only for a 25-year storm event is appropriate rather 
than for a 100-year storm event.  

The fifth paragraph of Section 6.0 has been revised to 
clarify that extreme event analysis was based on the best 
available data, including 8 years of continuous wind data. 
100-year storm data are not available for the South Basin. 
The impact from storm events will be evaluated during the 
remedial design.  

4.  Section 8.0, Findings for 
No Action for Parcel F 
Sediment, Page 8-1:  

Given the potential for radiological devices to be encountered in 
dredged sediment, it appears that institutional controls (ICs) could 
be needed at the site to ensure the sediment is kept in place unless 
dredging is conducted under a sediment management plan. Section 
8.0 states, “If sediments are dredged from Parcel F in the future for 
beneficial reuse, the potential for items should be considered for 
determining the appropriate disposal or placement of Parcel F 
sediments.” This limitation indicates that ICs are needed since No 
Action means unrestricted reuse is possible. Please revise and 
retitle Section 8.0 and update the Draft Addendum to clarify that the 
findings are that ICs may be needed for Parcel F sediments.  

Please see the response to DTSC Specific Comment 1.  
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Specific Comments: 

1.  Executive Summary and 
Section 8.0 Findings for 
No Action for Parcel F 
Sediment: 

These sections state that radiological commodities (i.e., 
radioluminescent items such as dials, gauges and deck markers) 
may be present in Parcel F sediments due to disposal from moored 
vessels. These radiological commodities may be encountered if 
sediments are dredged from Parcel F. If these sediments are 
dredged in the future, protocols may be needed to ensure the 
sediments are handled, placed and/or disposed of properly. 
Therefore, Institutional Controls may be needed to prevent 
exposure. 

Please see the response to DTSC Specific Comment 1. 

2.  Section 5.2 Combined 
Radiological and 
Chemical Risk: 

We concur with EPA’s general comment #1 with regards to the 
need for chemical sampling beneath the former piers. This 
addendum should note that chemical sampling beneath the former 
piers will be conducted and the results incorporated into the risk 
assessment. 

Please see the response to USEPA General Comment 1. 
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General Comments: 

1.   Navy has selected "no further action" as the remedy for Parcel F. 
According to the Comprehensive Environmental Response 
Compensation Liability Act (CERCLA) regulation, "No Further 
Action" is described as "no CERCLA remedial action is necessary 
for the site or operable unit, although it may authorize monitoring to 
verify that no unacceptable exposures to risks posed by the site or 
operable until occur in the future". The future use of Parcel F may 
require institutional controls, a form of remediation; hence "No 
Further Action" does not apply. 

Please see the response to DTSC Specific Comment 1. 
The report will conclude that No Further Remedial Action 
applies. 

2.   As stated in the executive summary the Navy has concluded "no 
additional radiological investigation or remediation for radionuclides 
of Parcel F is warranted". Is the Navy planning to request 
radiological unrestricted release recommendation (RURR) for 
Parcel F site? If so, EMB has determined that Parcel F is potentially 
radiologically impacted (Historical Radiological Assessment, 2004) 
and cannot recommend "unrestricted release" based on the 
following reason: 
a. Executive Summary page ES-4, "Radiological commodities, such 

as radium dials and gauges on ship vessels may be present in 
Parcel F even though no items were discovered during the 
DGls". The Feasibility Study design does not address 
radiological commodities; hence Parcel F remains potentially 
radiologically impacted and may require institutional controls 
(ICs). 

The Navy is not requesting a radiological unrestricted 
release recommendation for Parcel F because the site is 
not radiologically contaminated. The potential presence of 
discrete radiological commodities does not constitute 
distributed radiological contamination. 
See the response to SFDPH Specific Comment 4, which 
identifies the technical memorandum for radiological DGI. 
As described in the response to DTSC Specific Comment 
1, the Navy is recommending ICs for dredging activities 
including dredge spoil reuse and disposal. 

3.   The site remains potentially radiologically impacted and the Navy 
needs to discuss institutional controls in the current document. Also 
land/aquatic use restrictions may apply to the property. Before the 
property is transferred, EMB suggests discussing future use and 
potential restrictions for the site with Radiological Health Branch 
within CDPH. 

Please see the response to DTSC Specific Comment 1. 
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Specific Comments: 

1.  Section 2.3.1, "Potential 
Mechanisms for 
Radiological Release to 
Parcel F" 

Include a description of the potential mechanism for radiological 
release for Co-60 that was used at the Experimental Shielding area 
adjacent to the south basin. 

The FS Addendum has been edited to add stormwater 
runoff coming from the Experimental Shielding area. 

2.  Section 2.3.2, Parcel F 
Impacted Site 
Designation 

…states "the HRA identified the same ROC's in the "All Ships 
Berths" with the exception of U-235". What is the primary use of 
U-235 and why was not included as a radionuclide of concern 
(ROC) for Ship berths: Berths North Area and Berths South Area? 

Uranium-235 was associated with atomic weapons testing 
and decontamination of ships that participated in those 
tests (see HRA Appendix E, Response to Comment 13, 
Page E-37). The decontamination activity is associated 
with All Ships Berth only.  

3.  Section 2.3.4, Parcel F 
Impacted Site 
Designation 

…states the HRA designated sediment in the "Underwater Areas" 
and all "Ship Berths" as having a low potential for contamination 
and low potential for serving a migration pathway". The Navy should 
include a description on how the Navy determined the sediments 
had low potential for contamination since in the section 2.3 "Site 
Designations at Hunters Point Naval Shipyard", bullet point two 
summarizes that the sites where there were known spills, 
discharges or other unusual occurrences of radioactive material that 
resulted in release or spread of contamination. 

Please see the Glossary Section of the HRA (NAVSEA, 
2004) for the definition of terms used in the HRA including 
“Low.” 

4.  Section 3.1, "Parcel F 
Radiological 
Investigations 

The HRA assessment states previous radiological investigations in 
"2002 NWT Phase V" had areas containing 137Cs slightly 
exceeding limits. Include Navy's conclusions after the Navy further 
investigated the areas where the 137Cs exceeded the limits was 
found in 2002. 

Cesium-137 is commonly present in San Francisco Bay 
sediments and has been a ROC for Parcel F. The Navy 
has concluded that the cesium-137 concentration is less 
than the PALs, and the presence of cesium-137 is not 
attributable to Parcel F activities (see Section 3.2.1 and 
conclusions for all ROCs at Parcel F). 

5.  Section 5.1.1, 
"Conceptual Site 
models" 

….does not include an explanation on the exposure pathways for 
resuspension by transport of sediment from humans disturbing the 
soil. Please include an explanation. 

The Validation Study (Battelle et al., 2005) discusses 
uncertainties associated with the sediment data and with 
the risk assessment, including uncertainties associated 
with resuspension of sediment. The 2005 Validation Study 
will be provided to the agencies separately on CD. 
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6.  Section 6.0, "Sediment 
Stability" 

…also stated on page 62, states "The core from BN 312 in the 
Berths Revetment Area yielded a net sediment accumulation rate of 
5.8 cm/year which was considered anomalously high and 
inconsistent with field observations". Please further explain how this 
result is inconsistent with field observations. 

The Navy believes that this comment refers to the core 
from BN304 and not from BN312 as indicated in the 
comment. The text in Section 6.0 has been revised to 
clarify that the rate of 5.8 centimeters per year (cm/yr) 
estimated for BN304 was considered anomalous because 
it was higher than other deposition rates estimated for 
Parcel F. The deposition rate at SA01 was 2.3 cm/yr, 
similar to the rate previously estimated for India Basin, 
and slightly higher than the rate of 1 cm/yr estimated for 
South Basin (Battelle et al., 2005; Battelle and Sea 
Engineering, Inc., 2013). 

7.  Section 7.0, "Updated 
Conceptual Site Model" 

EMB would like to understand the significance of this section. 
According the HRA 2004, Parcel F is potentially impacted and the 
Feasibility Report suggests the same. Please clarify why the Navy 
has concluded conceptual site model has changed and needs to be 
updated? 

Section 7.0 presents past practices related to radiological 
items and their transport, and provides a summary of the 
Phase 1 and Phase 2a findings. Section 7.0 is meant to 
augment the Conceptual Site Model (CSM) for radiological 
items and is not a change to the CSM. The following will 
be added to Section 2.3.2 Parcel F Impacted Site 
Designation: “The impacted designation was based on 
limited information and can be updated once additional 
information is collected.” 
In addition, see the response to DTSC Specific 
Comment 1. The FS will conclude that the 
recommendations from the HRA have been implemented 
and the site is not impacted. 

8.  Section 8.0, "Findings 
for No Action for Parcel 
F" 

EMB cannot accept findings for No Action for Parcel F sediment due 
to the following statement, "Although no radiological commodities 
were found during the radiological gaps investigation at Parcel F, 
potential remains for these items to be present in locations where 
ships were present during HPNS operation". EMB considers the 
sediment is potentially impacted until the discrete items have been 
addressed. Secondly IC's maybe needed in the future. 

Please see the response to DTSC Specific Comment 1. 
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9.  Table Section, Table 4-2 Parcel F Sediment Radionuclide Data WRS Test Statistics Phase 1, 
2a, 2b, shows the WRS Test P-value. Include the WRS data 
associated with this table. 

The data packages associated with these three reports 
are large will be provided to the agencies separately from 
the FS. One combined dataset for all data at Parcel F 
used in the WRS test is not available. Section 4.1 has 
been updated to indicate where data can be found in 
these historical reports, as follows: 
Phase 1 – Phase 2a Report, Appendix B1, B3, B4 
Phase 2a – Phase 2a Report, Appendix B1, B5 
Phase 2b – Phase 2b Report, Appendix B1, B3 
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Specific Comments 

1.  Section 3.1 and 
Table A-3 

HERO Comments 1a, b, c, and d - Exposure Parameters 
a. HERO does not concur with the Navy’s response.  

HERO’s original comment requested that the 2014 HHRA 
Note 1 be used in the updated HHRA.  The response to 
this comment was that the COCs have already been 
identified for Parcel F and the remedial alternatives have 
been evaluated, thus, no further updates will be made to 
the HHRA as part of the FS Addendum.  However, 
according to the Navy’s Response to SFDPH Comment 
17, “the HHRA was updated as part of the FS addendum 
to incorporate changes to the USEPA and California 
Department of Toxic Substances [DTSC] methods for 
HHRAs because a number of these methods had 
changed since the original HHRA was completed in 2005 
during the Validation Study.” HHRA Note 1 is one of the 
changes to DTSC currently recommended HHRA 
methods.  HERO reiterates our original comment.  Please 
update all references to the 2014 version in the text and 
tables.   

b. HERO does not concur with the Navy’s response.  Please 
see HERO’s response to Comment 1a above.  HERO 
reiterates our original comment.    

c. Shellfish consumption rate.  Concur.    
d. Dermal Absorption Factors – Section 3.2.  No additional 

response necessary. 

a. The Navy will revise Appendix A to incorporate the 2014 
version of HERO Note 1.  The following text was added to the 
Executive Summary and to Section 1.3 “The HHRA was 
updated as part of this addendum to incorporate the 2014 
HHRA Note 1.” 

b. Please see the response to 1a above. 
c. No additional response required. 
d. No additional response required. 

2.  Section 5.4 HERO Comment 2 - Lead – Section 5.4.  The Navy’s 
response to our comment regarding DTSC’s recommended 
screening level for lead of 80 mg/kg was that lead has already 
been identified as a COC for Parcel F and to see SFDPH 
Comment 17.  HERO does not completely concur with the 
Navy’s response.  The text in Appendix A, Section 5.4 
specifically mentions that lead concentrations are below the 
USEPA RSL of 400 mg/kg.  For completeness, the DTSC’s 
screening level should also be included in the text.  DTSC 
does not concur with the use of the residential lead soil value 

Potential receptors for Parcel F are recreational users and 
construction workers (BBL, 2005). Exposure pathways incorporated 
in the DTSC (2011) residential screening level for soil lead of 80 
milligram per kilogram (mg/kg) are ingestion, re-suspension 
(inhalation), and dermal contact. In addition, the DTSC residential 
screening level assumes daily residential child exposure of seven 
days per week.  
These assumptions overestimate potential exposure to lead in 
sediment at Parcel F. The inhalation pathway is expected to be 
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Comment 
Number 

Section/ 
Page Comment Response 

of 400 mg/kg and recommends 80 mg/kg.  DTSC’s soil lead 
screening level should be included in the text of Section 5.4 as 
this is a change to the HHRA methods recommended by 
DTSC since the original 2005 HHRA.  HERO reiterates our 
original comment.  

negligible because the intertidal and subtidal locations of Parcel F 
sediments will minimize or prevent suspension and resuspension of 
sediments in air.  In addition, recreational exposure to sediment is 
assumed to occur 26 days per year, or 0.5 days per week (BBL, 
2005). This recreational exposure frequency is 14 times less than 
the daily exposure frequency used by DTSC (2011) to develop the 
soil lead screening level for residential exposure.  
Adjustment of the exposure frequency in the DTSC (2011) lead risk 
assessment spreadsheet (i.e., LeadSpread 8) from 7 days per week 
to the exposure frequency of 0.5 days per week used to evaluate 
sediment exposure to recreational child receptors for Parcel F 
results in a revised soil lead screening level of 1,100 mg/kg for non-
pica children and 540 mg/kg for pica children (note that these levels 
are rounded to two significant digits). No adjustment was made to 
exclude the inhalation exposure pathway.  
Exposure point concentrations for sediment lead (based on 95 
percent upper confidence limits) range from 24.7 mg/kg (Eastern 
Wetland Area VIII) to 115 mg/kg (India Basin Area I). No sediment 
lead EPCs for Parcel F exceed the adjusted soil screening levels of 
1,100 mg/kg (non-pica children) and 540 mg/kg (pica children).  
This comparison indicates that lead concentrations in sediment at 
Parcel F do not require further evaluation. 
   

3.   HERO Comment 3 - Table A-19 – Comparison of Updated 
HHRA Results with 2005 HHRA Results.  Concur. 

No additional response required. 
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Specific Comments 

1.  Section 3.1 It appears that the intent of the FS addendum was not only to 
address radiological chemicals at Parcel F but also to update 
the Human Health Risk Assessment for chemical 
contamination. However, reference to such appears to be 
missing from the document. It is not indicated in the title, 
executive summary or introduction. I found the only place it is 
referenced is in Section 1.3 Organization of the Addendum. 
Therefore, please reference the update of the Human Health 
Risk Assessment (Appendix A) in the title, Executive summary 
and in the Introduction of the addendum. 

Please see the response to Kimberly Gettmann comment #1.   
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Number 

Section/ 
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Specific Comments 

1.  Evaluation of 
the Response 
to General 
Comment 1: 

1a.) The response partially addresses the comment by 
acknowledging that chemical sampling will be conducted in 
the vicinity of the removed piers and radiological sampling was 
conducted during the pier time-critical removal action (TCRA).  
However, the Redline Draft Final Addendum to the Feasibility 
Study Report for Parcel F (the Redline FS Addendum) was not 
revised to include this chemical sampling.  Please revise the 
Redline FS Addendum to discuss acknowledging the need for 
chemical sampling. 
1b.) Also, as indicated in the original comment, the text in 
Section 1.1 states that the TCRAs are ongoing, but the pier 
removal TCRA has been complete for some time.  Please 
revise the text to correct inaccurate phrasing regarding that 
implies that the Pier removal TCRA is ongoing.    
1c.) Additionally, the response states that “[p]rior chemical and 
radiological sampling of sediments is representative of these 
areas,” but sediment tends to accumulate under piers at other 
Navy bases, (e.g., the Long Beach Naval Shipyard).  It has 
been demonstrated that contaminant concentrations in 
sediment are typically higher under piers than in other areas 
(e.g., because mixing and redistribution of sediment under the 
piers does not occur because of the low energy environment, 
areas under the piers are not dredged, etc.).  As a result, 
sediment data collected in other areas cannot be considered 
representative of contaminant concentrations in sediment 
under the former piers.  Also, before demolition of the piers, it 
was not possible to collect samples of the sediment beneath 
the piers, in part because it was too dangerous to send divers 
under collapsing piers, which had been in poor condition for 
years.  Please revise the Redline FS Addendum to 
acknowledge that the prior chemical and radiological sampling 
in other areas is not representative of the sediment under the 
former piers.   
 
 

1a.) The following text has been added to Section 5.2 “Additional 
chemical samples will be collected in the vicinity of the former 
Parcel B Piers.  This work will be proposed in a separate work plan, 
and the results will be provided in an investigation summary report.”  
1b.) Section 1.1 has been revised to correct phrasing regarding the 
TCRA.  
1c.) The Navy has acknowledged that additional sediment sampling 
will be performed in the vicinity of the former Parcel B Piers. The 
Navy has decided not to revise the text regarding the previous 
samples not being representative of the sediment under the former 
Parcel B Piers as this statement would be speculative at this point. 
1d.) The Navy, with the BCT, will determine the appropriate method 
for evaluating the sediment sampling chemical results in the Parcel 
B Piers work plan. 
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1d.) Finally, the response states, “However, the risk 
assessment will not be reassessed and no changes are 
required to the Draft FS”, but no explanation has been 
provided to support this response.  If chemical data collected 
from sediment that was beneath the former piers is 
substantially different, the risk assessments will no longer be 
representative.  Please explain in detail why the risk 
assessment will not be reassessed when new chemical 
sampling data becomes available.   

2.  Evaluation of 
the Response 
to General 
Comment 6:   

The response does not address the comment.  The on-line 
Preliminary Remediation Goal (PRG) calculator should be 
used to ensure consistency with U.S. EPA’s CERCLA 
approach for Superfund remedial radiation risk assessment.  It 
should be noted that slope factors for some radionuclides may 
have changed since the risk assessments for Parcel F were 
done. While a specific calculator for exposure to Parcel F 
sediment and consumption of shellfish is not part of the on-line 
PRG calculator, the Oak Ridge National Laboratory (ORNL) 
developed the PRG calculators and can be consulted to help 
customize the PRG calculator (i.e., there is a link on the PRG 
calculator web page for help from ORNL).  Please revise 
Section 5.0 to include results from the EPA PRG calculators 
for Parcel F.   

As indicated in the previous response, project action limits (PALs) 
for Parcel F were derived during the Phase 1 and Phase 2a data 
gap investigations and were approved by the regulatory agencies, 
including USEPA and the Navy for decision-making purposes.  To 
demonstrate that changes to the PALs are not needed, the Navy 
calculated risk-based concentrations (RBCs) for the Parcel F 
radionuclides of concern (ROCs) using the equations provided in 
the USEPA (2016) on-line PRG preliminary remediation goal 
calculator for radionuclides.  The equations were modified to include 
the shellfish consumption pathway.  Calculations for the RBCs plus 
background are provided in Attachment 2 to these response to 
comments (RTCs).   
The calculated RBCs incorporate updated slope factors for 
radionuclides provided in USEPA (2016), the USEPA (2016) 
equations for recreational adult and child exposure to soil from 
incidental ingestion and external exposure, the Parcel F approach 
for adult shellfish consumption (Battelle and Sea Engineering, 2013; 
ITSI & Gilbane, 2013), and the Parcel F exposure assumptions for 
recreational exposure (Battelle and Sea Engineering, 2013; ITSI & 
Gilbane, 2013).  
Table 1 of Attachment 2 to these RTCs shows that all ROC 
concentrations at Parcel F are less than RBC + background 
concentrations.  Therefore, radiological risks associated with Parcel 
F ROCs would be less than radiological risks associated with RBC 
+ background levels.  These results are consistent with the findings 
of the FS addendum:  all Parcel F ROC concentrations are less than 
Parcel F PAL + background levels, and radiological risks associated 
with Parcel F ROCs are less than radiological risks associated with 
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PAL + background levels.  This evaluation shows that the RBCs do 
not change the overall conclusions of the FS addendum or risk 
assessment.  Therefore, no changes are needed to the PALs. 

3.  Evaluation of 
the Response 
to General 
Comment 7:   

The response partially addresses the comment.  The 
information in the original comment from ATSDR and the 
demographic information should be incorporated into the text 
of Section 5.  It also is not clear that the much lower shellfish 
consumption rate is appropriate.  Please revise the Redline 
FS Addendum to include information from ATSDR and to 
justify the lower shellfish consumption rate. 

Section 5 will be revised to incorporate demographic information for 
the Hunters Point/Bayview area (as it pertains to fishing and fish 
and shellfish consumption) that was provided in the original 
comment from USEPA (based on the Agency for Toxic Substances 
and Disease Registry and 2009 Public Health Assessment for the 
Hunters Point Naval Shipyard). Section 5 will also be revised to 
incorporate information provided in the Navy’s previous response to 
USEPA’s comment regarding the revised shellfish consumption 
rate. 

4.  Evaluation of 
the Response 
to Specific 
Comment 1:   

It does not appear that the second paragraph of the response 
can be substantiated.   Specifically, the absence of 
documentation to indicate that radiological devices were not 
discarded is not an indication that disposal of these devices 
did not occur.  Since Navy vessels and submarines were 
repaired at Hunters Point in the most expedient manner 
possible during World War II (WWII) when time was of the 
essence and the dangers of radiological devices were not 
properly understood, it is possible these devices were 
discarded without considering the associated risks.  For 
example, deck markers and other small radiological devices 
that fell into the dry docks were probably washed out when 
water was pumped out of the dry docks.  This conceptual site 
model was acknowledged when the drainage channels under 
Dry Dock 4 were sealed.  Further, radiological devices have 
been found in many locations on Hunters Point when 
excavation or radiological surveys have been done, which 
suggests that these devices were not handled with care.  
Please revise the Redline FS Addendum to acknowledge that 
radiological devices may have been discarded during WWII.     

The second paragraph of the original response to comments is not 
included in the text of the Addendum to the Feasibility Study Report 
for Parcel F. The text will not be revised in response to this 
comment. 
The Executive Summary and Section 8.0 identify that radiological 
devices may have been discarded at Parcel F.  These statements 
include any timeframe, not just WWII, and is more appropriate given 
a lack of any documentation.   
The Executive Summary in the last paragraph on page ES-4 states: 
"Radiological commodities, such as, radium dials and gauges on 
ship vessels may be present in Parcel F even though no items were 
discovered during the DGIs. "  
Section 8 in the last paragraph on page 8-1 states: "Although no 
radiological commodities were found during the radiological data 
gaps investigations at Parcel F, potential remains for these items to 
be present in locations in Parcel F where ships were present during 
HPNS operation." 
Finally, the Navy is recommending institutional controls be placed 
on Parcel F sediments for potential future dredging activities to 
address the potential improper disposal of radiological devices.   
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Specific Comments 

1.  Executive 
Summary and 
Section 8.0 

My original comment #1 stated that "If [Parcel F] sediments 
are dredged in the future, protocols may be needed to ensure 
the sediments are handled, placed and/or disposed of 
properly. Therefore, Institutional Controls may be needed to 
prevent exposure." The Navy's response was "Please see the 
response to DTSC Specific Comment 1." The Navy's response 
to DTSC Specific Comment 1 states that "the Navy is 
recommending institutional controls that will require dredging 
activities, including dredge and spoil reuse and disposal, to be 
reviewed and approved by DTSC prior to commencing 
dredging activities." This response, and the corresponding 
revisions to the Executive Summary and the last paragraph of 
Section 8.0, indicate that the Navy is recommending Further 
Action in the form of Institutional Controls. However, the 
Navy's response to CDPH General Comment #1 states that 
"The report will conclude that No Further Action applies." In 
addition, Section 8.0 is still titled "Findings for No Action for 
Parcel F Sediment".  Please revise the responses and/or text 
to clarify that further action in the form of Institutional Controls 
is recommended. 

The RTCs, the title of Section 8, and appropriate text throughout the 
document has been edited to read “Institutional Controls for dredge 
sediments” 
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Response to General 
Comment 1c 

Currently the response to 1(c) states: “The Navy has acknowledged that 
additional sediment sampling will be performed in the vicinity of the 
former Parcel B Piers. The Navy has decided not to revise the text 
regarding the previous samples not being representative of the sediment 
under the former Parcel B Piers as this statement would be speculative 
at this point.“ Please modify Draft FS Addendum to acknowledge the 
data gap. For example, here is suggested alternative language: “[p]rior 
chemical and radiological sampling of sediments is representative of 
most of the area, expect areas under the pier where no samples 
were collected due to safely concerns.” 

In response to General Comment 1c, the Navy has added the 
following text to Section 5.2: “Additional chemical samples will 
be collected in the vicinity of the former Parcel B piers because 
these areas were not available for sampling previously.  This 
work will be proposed in a separate work plan, and the results 
will be provided in an investigation summary report.”  
Decisions about representativeness of the previous data will 
be made following the proposed investigation.  

Response to General 
Comment 1d 

The response partially addresses the comment. Specifically, the 
response to Part 1(d) states that the Navy, with the Base Realignment 
and Closure (BRAC) Cleanup Team (BCT) will determine the appropriate 
method to evaluate the sediment sampling chemical results. We 
understand that the Navy has a contract to do future sampling and a 
workplan will be developed. For the record, our understanding is that as 
part of the future process the Navy should, with BCT involvement, 
reevaluate the risk assessment if the data from the chemical sampling 
beneath the piers are substantially different than previously assumed. 

Yes, EPA’s understanding is correct. 

Response to General 
Comment Number 2 
(Original General 
Comment 6) 

The response states that Risk Based Concentrations (RBCs) were 
calculated using EPA’s Preliminary Remediation Goal (PRG) calculator 
to demonstrate that the Project Action Limits (PAL) established for Parcel 
F are consistent with the U. S. EPA’s Comprehensive Environmental, 
Compensation, and Liability Act (CERCLA) approach for Superfund 
remedial radiation risk assessment. This response included Attachment 
1, which provided the RBC calculations using formulas from the EPA 
PRG calculator. The results of the calculations as presented in Table 1 of 
Attachment 1 indicate that for the subtidal exposure scenario, the RBC 
values significantly exceed the maximum detection within Parcel F. After 
review of the calculations performed to estimate the RBCs, the following 
concerns were identified: 
• For the subtidal exposure scenario, the calculations included a

gamma shielding factor (GSF) that results in a larger RBC. While
Attachment 1 indicates the GSF values were obtained from technical
reference documents (Feasibility Study and Data Gap Investigation)
specific to Parcel F at Hunter’s Point, use of such factors should be
reviewed to determine the extent to which they are representative of
the specific exposure scenario considered. The small GSFs for
subtidal exposures require further justification to establish that they

(a) The regulatory agencies concurred with the GSFs 
established for Parcel F during the phase 2a and phase 2b 
radiological data gap investigations (DGIs) (Battelle and SEA 
Engineering, Inc., 2013 and ITSI Gilbane & SAIC, 2013).  The 
GSFs were estimated using the Microshield 7 computer model 
based on a contaminated sediment thickness of one meter and 
three feet of water overlying the contaminated sediments (i.e., 
the water provides the shielding).  Attachment 1 to these 
responses to comments provides the modeling for the GSFs 
(taken from Appendix E of Battelle and SEA Engineering, Inc. 
[2013]).  The conditions assumed to model the GSFs for the 
subtidal area of Parcel F (i.e., three feet of water overlying a 
contaminated sediment thickness of one meter) remain 
appropriate.  In fact, the depth of water overlying sediments at 
Parcel F has been increasing and is likely to continue to 
increase based on predictions regarding sea level rise 
(California Climate Change Center, 2009; AECOM, 2016).  
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Section/Page Comment Response 
are appropriate for this application. 

• The Distribution Coefficients (Kd values) provided in Attachment 1 
are very large, and in some cases do not correspond to other 
literature values for most of the radionuclides, which results in larger 
RBC values. For example, the Distribution Coefficient (in Liters per 
kilogram, L/Kg) for Plutonium-239 is listed as 100,000 L/Kg; however 
in the EPA document Understanding Variation In Partition Coefficient, 
Kd, Values, EPA 402-R-99-004B, August 1999 lists a range from 80-
2,200 L/Kg, depending on the soil type, oxidation state, pH, and 
various other factors. These values were obtained from testing 
fourteen soil types from across seven Department of Energy (DOE) 
sites in order to provide a representative range of values. While 
Attachment 1 indicates the Kd values used in the calculations were 
obtained from site-specific documents, these values require further 
examination and justification to establish that they are appropriate for 
this application. 

• The formula used to calculate the RBC for incidental soil ingestion – 
intertidal and subtidal scenario, uses the formula provided in EPA’s 
PRG calculator; however, the milligrams (mg) of soil ingestion 
assumed for the child is 200 in the PRG calculator but is listed as half 
that amount (100 mg) in Equation 2 (Exhibit 1 RBC Equations) of 
Attachment I. In order to provide the appropriate comparisons in 
showing consistency with the PRG calculator, the RBC for incidental 
soil ingestion should be re-calculated using the exposure assumption 
that the child consumes 200 mg of soil per day. 

Please revise Attachment 1 to provide justification for the GSFs used for 
subtidal exposures, the Kd values, and revise the calculations to assume 
a child consumes 200 mg of soil per day. 

(b) The regulatory agencies concurred with the Kd values 
established for Parcel F during the phase 2a and phase 2b 
radiological DGIs (Battelle and SEA Engineering, Inc., 2013 
and ITSI Gilbane & SAIC, 2013).  The Kd values used for the 
shellfish consumption RBCs are specific to marine 
environments (i.e., seawater) and are based on assessments 
and recommendations by the International Atomic Energy 
Agency (IAEA, 2004).  Kd values recommended by USEPA for 
calculation of radiological PRGs were not used because they 
are intended for evaluating partitioning from soil to 
groundwater (i.e., freshwater) and for evaluating partitioning to 
freshwater fish.  

USEPA’s document Understanding Variation in 
Partition Coefficient, Kd, Values (USEPA, 1999) 
includes Kd values from studies specific to marine 
environments.  For example, Kd values cited in 
USEPA (1999) for plutonium adsorption based on 
marine studies range from 2,500 to 2,800,000 
milliliters per gram (equivalent to liters per kilogram 
[L/Kg]).  The Kd value of 100,000 L/kg used for 
Plutonium-239 to calculate the shellfish consumption 
RBC is well within the range of Kd values cited by 
USEPA (1999) for marine environments.  

 
(c) The RBCs for incidental soil ingestion were re-calculated to 
incorporate the USEPA (2014 and 2016)-recommended 
incidental soil ingestion rate for children of 200 milligrams per 
day.  Attachment 2 to these responses to comments provides 
the updated RBC calculations for the Parcel F radionuclides of 
concern.  
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Attachment 1 
Gamma Shielding Factors for Parcel F 

 
 

 

 

Source:  Appendix E, Battelle and Sea Engineering, Inc. 2013. Final Technical Memorandum for 
Radiological Data Gap Investigation Phase 2a at Parcel F, Hunters Point Naval Shipyard, San Francisco, 
California. April. 
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The shielding factors for the subtidal conceptual site model were estimated using the MicroShield 7 
computer code (Grove Software, 2006) based on a contaminated sediment thickness of 1 meter and 3 feet 
of water overlying the sediments, which provided shielding from the radiation emitted from the 
sediments.  The 1-meter thick contaminated sediments were assumed to have infinite lateral extent. 

The shielding factors were estimated based on the ratio of the shielded and unshielded dose rates: 

Shielded Dose Rate (mSv/hr)
Shielding Factor

Unshielded Dose Rate (mSv/hr)


The unshielded and shielded dose rates used the rotational geometry effective dose equivalent rate with 
buildup from the MicroShield output.  For the purposes of estimating the shielding factors, the sediments 
were assumed to be contaminated with 1 pCi/g of Cs-137, Sr-90, U-235, Ra-226, Pu-239, or Co-60.  The 
sediments were assumed to have a density of 1.5 g/cm3.  In the case of the unshielded dose rate, the dose 
rate was determined at 1 meter above the contaminated sediments.  Air was assumed to be present 
between the contaminated sediments and the point at which the dose rate was estimated.  In the case of 
the shielded dose rate, the dose rate was estimated based on 3 feet of water overlying the contaminated 
sediments and was determined at a distance of 1 meter above the surface of the water.  Air was assumed 
to be present between the surface of the water overlying the contaminated sediments and the point at 
which the dose rate was estimated.  

Table E-1 lists the unshielded and shielded dose rates and the shielding factors for the subtidal conceptual 
site model. 

Table E-1.  Unshielded and Shielded Dose Rates and Shielding Factors for the Subtidal Conceptual 
Site Model 

Radionuclide Unshielded Dose Rate 
(mSv/hr) 

Shielded Dose Rate 
(mSv/hr) 

Shielding Factor 

Cs-137 5.074E-6 2.329E-9 4.59E-4
Sr-90 5.947E-14 4.788E-45 8.05E-32
U-235 1.179E-6 3.901E-11 3.31E-5
Ra-226 1.666E-5 5.486E-8 3.29E-3
Pu-239 7.639E-10 4.459E-14 5.84E-5
Co-60 2.374E-5 7.088E-8 2.99E-3
Note: The unshielded and shielded dose rates were based on the rotational geometry effective dose equivalent rate 
with buildup. 

For the revetment, shielding factors were also estimated using the MicroShield 7 computer code.  A 1-
meter thick layer of contaminated sediment was assumed to be present underneath the revetment.  For the 
purposes of estimating the shielding factors, the sediment was assumed to be contaminated with 1 pCi/g 
of Cs-137, Sr-90, U-235, Ra-226, Pu-239, or Co-60.  The sediment was assumed to have a density of 
1.5 g/cm3 and to have infinite lateral extent.  The revetment would be constructed from filter fabric, 
graded crushed rock, and armor stone.  The filter fabric layer would not provide significant radiation 
shielding and was ignored in estimating the shielding factors.  The layer of crushed rock was estimated to 
be about 6 inches to 1 foot thick, and the layer of armor stones was estimated to be about 6 feet thick.  An 
exposed person would be exposed to the contaminated sediments under the revetment, but would be 



E-2

shielded by the structure of the revetment.  For the purposes of estimating the radiation shielding provided 
by the crushed rock and armor stone, a 2-foot layer of concrete with a density of 2.7 g/cm3 was used.  A 
density of 2.7 g/cm3 is representative of the density of typical stones used to construct revetments. 
Although the armor stone layer of the revetment would be about 6 feet thick, a 2-foot layer was used in 
estimating the shielding factors to account for gaps between the armor stones. 

In the case of the unshielded dose rate, the dose rate was determined at 1 meter above the contaminated 
sediments.  Air was assumed to be present between the contaminated sediments and the point at which the 
dose rate was estimated.  In the case of the shielded dose rate, the dose rate was estimated based on the 2-
foot revetment wall overlying the contaminated sediments and was determined at a distance of 1 meter 
above the ground surface of the revetment.  Air was assumed to be present between the ground surface of 
the revetment overlying the contaminated sediments and the point at which the dose rate was estimated. 

Table E-2 lists the unshielded and shielded dose rates and the shielding factors for the revetment. 

The MicroShield output used to estimate the shielding factors are included as Attachment E-1. 

Table E-2.  Unshielded and Shielded Dose Rates and Shielding Factors for the Revetment 
Radionuclide Unshielded Dose Rate 

(mSv/hr) 
Shielded Dose Rate 

(mSv/hr) 
Shielding Factor 

Cs-137 5.074E-6 1.148E-11 2.26E-6
Sr-90 5.947E-14 0.0 0.0
U-235 1.179E-6 5.415E-15 4.59E-9
Ra-226 1.666E-5 2.459E-9 1.48E-4
Pu-239 7.639E-10 8.835E-17 1.16E-7
Co-60 2.374E-5 2.118E-9 8.92E-5
Note: The unshielded and shielded dose rates were based on the rotational geometry effective dose equivalent rate 
with buildup. 

References 

Grove Software. 2006. MicroShield User’s Manual, Version 7. Grove Software, Inc., Lynchburg, VA. 
October. 
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked

Filename Run Date Run Time Duration
Cs-137_00_ft_01_m.ms7 May 20, 2010 10:40:28 PM -01:59:6

Project Info
Case Title Cs-137 1 meter air 

Description Cs-137 1 pCi/g sediment 1 meter air shield 
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 200.0 cm (6 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5
Air Gap Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³
Ba-137m 1.4190e-006 5.2503e-002
Cs-137 1.5000e-006 5.5500e-002

Buildup: The material reference is Source
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 4.665e-04 1.709e-07 1.736e-07 1.466e-08 1.489e-08
0.03 3.179e-03 2.379e-05 2.787e-05 2.358e-07 2.762e-07
0.04 7.554e-04 1.572e-05 2.252e-05 6.953e-08 9.959e-08
0.6 4.714e-02 1.110e-01 3.613e-01 2.167e-04 7.053e-04

Totals 5.154e-02 1.111e-01 3.614e-01 2.170e-04 7.056e-04

Page 1 of 1Case Summary of Cs-137 1 meter air
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MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\Cs-137_00_ft_01_m.ms7

Case Title: Cs-137 1 meter air
This case was run on Thursday, May 20, 2010 at 10:40:28 PM

Dose Point # 1 - (200,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 1.862e-001 6.037e-001
Photon Energy Fluence Rate MeV/cm²/sec 1.111e-001 3.614e-001

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 2.170e-004 7.056e-004
Absorbed Dose Rate in Air mGy/hr 1.895e-006 6.160e-006
" mrad/hr 1.895e-004 6.160e-004

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 2.261e-006 7.353e-006
o Opposed " 1.787e-006 5.812e-006
o Rotational " 1.787e-006 5.812e-006
o Isotropic " 1.580e-006 5.140e-006

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 2.395e-006 7.787e-006
o Opposed " 2.267e-006 7.374e-006
o Rotational " 2.267e-006 7.374e-006
o Isotropic " 1.687e-006 5.487e-006

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 1.993e-006 6.484e-006
o Posterior/Anterior " 1.746e-006 5.681e-006
o Lateral " 1.279e-006 4.163e-006
o Rotational " 1.560e-006 5.074e-006
o Isotropic " 1.320e-006 4.293e-006

Page 1

D106767
Line



MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked

Filename Run Date Run Time Duration
Cs-137_03_ft_01_m.ms7 May 20, 2010 10:46:10 PM 00:00:00

Project Info
Case Title Cs-137 3 foot water 

Description Cs-137 1 pCi/g sediment 3 foot water shield 
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 291.44 cm (9 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5

Shield 1 91.44 cm Water 1
Air Gap Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³
Ba-137m 1.4190e-006 5.2503e-002
Cs-137 1.5000e-006 5.5500e-002

Buildup: The material reference is Shield 1
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 4.665e-04 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.03 3.179e-03 1.521e-20 4.497e-19 1.507e-22 4.456e-21
0.04 7.554e-04 8.042e-17 9.523e-15 3.557e-19 4.212e-17
0.6 4.714e-02 3.244e-06 1.659e-04 6.332e-09 3.237e-07

Totals 5.154e-02 3.244e-06 1.659e-04 6.332e-09 3.237e-07

Page 1 of 1Case Summary of Cs-137 3 foot water
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MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\Cs-137_03_ft_01_m.ms7

Case Title: Cs-137 3 foot water
This case was run on Thursday, May 20, 2010 at 10:46:10 PM

Dose Point # 1 - (291.44,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 5.407e-006 2.764e-004
Photon Energy Fluence Rate MeV/cm²/sec 3.244e-006 1.659e-004

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 6.332e-009 3.237e-007
Absorbed Dose Rate in Air mGy/hr 5.528e-011 2.826e-009
" mrad/hr 5.528e-009 2.826e-007

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 6.598e-011 3.374e-009
o Opposed " 5.216e-011 2.667e-009
o Rotational " 5.216e-011 2.667e-009
o Isotropic " 4.613e-011 2.358e-009

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 6.987e-011 3.573e-009
o Opposed " 6.618e-011 3.383e-009
o Rotational " 6.618e-011 3.383e-009
o Isotropic " 4.924e-011 2.518e-009

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 5.820e-011 2.975e-009
o Posterior/Anterior " 5.099e-011 2.607e-009
o Lateral " 3.737e-011 1.911e-009
o Rotational " 4.554e-011 2.329e-009
o Isotropic " 3.854e-011 1.970e-009
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked

Filename Run Date Run Time Duration
Cs-137_02_ft_01_m.ms7 May 20, 2010 10:44:42 PM -01:59:6

Project Info
Case Title Cs-137 2 foot stone 

Description Cs-137 1 pCi/g sediment 2 foot armor stone shield 
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 260.96 cm (8 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5

Shield 1 60.96 cm Concrete 2.7
Air Gap Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³
Ba-137m 1.4190e-006 5.2503e-002
Cs-137 1.5000e-006 5.5500e-002

Buildup: The material reference is Shield 1
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 4.665e-04 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.03 3.179e-03 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.04 7.554e-04 4.297e-48 4.297e-48 1.901e-50 1.901e-50
0.6 4.714e-02 1.299e-08 8.174e-07 2.535e-11 1.596e-09

Totals 5.154e-02 1.299e-08 8.174e-07 2.535e-11 1.596e-09

Page 1 of 1Case Summary of Cs-137 2 foot stone
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MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\Cs-137_02_ft_01_m.ms7

Case Title: Cs-137 2 foot stone
This case was run on Thursday, May 20, 2010 at 10:44:42 PM

Dose Point # 1 - (260.96,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 2.165e-008 1.362e-006
Photon Energy Fluence Rate MeV/cm²/sec 1.299e-008 8.174e-007

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 2.535e-011 1.596e-009
Absorbed Dose Rate in Air mGy/hr 2.213e-013 1.393e-011
" mrad/hr 2.213e-011 1.393e-009

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 2.642e-013 1.663e-011
o Opposed " 2.089e-013 1.314e-011
o Rotational " 2.089e-013 1.314e-011
o Isotropic " 1.847e-013 1.162e-011

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 2.798e-013 1.761e-011
o Opposed " 2.650e-013 1.668e-011
o Rotational " 2.650e-013 1.668e-011
o Isotropic " 1.972e-013 1.241e-011

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 2.330e-013 1.466e-011
o Posterior/Anterior " 2.042e-013 1.285e-011
o Lateral " 1.496e-013 9.417e-012
o Rotational " 1.824e-013 1.148e-011
o Isotropic " 1.543e-013 9.711e-012

Page 1

D106767
Line



MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked

Filename Run Date Run Time Duration
Sr-90_00_ft_01_m.ms7 May 20, 2010 11:06:07 PM 00:00:00

Project Info
Case Title Sr-90 1 meter air 

Description Sr-90 1 pCi/g sediment 1 meter air shield 
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 200.0 cm (6 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5
Air Gap Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³

Sr-90 1.5000e-006 5.5500e-002
Y-90 1.5000e-006 5.5500e-002

Buildup: The material reference is Source
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 5.122e-06 1.877e-09 1.907e-09 1.610e-10 1.635e-10
0.02 9.229e-07 1.306e-09 1.363e-09 4.524e-11 4.721e-11

Totals 6.045e-06 3.183e-09 3.269e-09 2.062e-10 2.107e-10

Page 1 of 1Case Summary of Sr-90 1 meter air

5/20/2010file://C:\Program Files\MicroShield 7\Sr-90_00_ft_01_m.htm

I I I I 
I I I I I 

I I I 
I I 

I I I 
y 

I I zE SB ---x 

I I I I I 

D106767
Typewritten Text
Unshielded Sr-90 MicroShield Output



MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\Sr-90_00_ft_01_m.ms7

Case Title: Sr-90 1 meter air
This case was run on Thursday, May 20, 2010 at 11:06:07 PM

Dose Point # 1 - (200,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 1.904e-007 1.952e-007
Photon Energy Fluence Rate MeV/cm²/sec 3.183e-009 3.269e-009

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 2.062e-010 2.107e-010
Absorbed Dose Rate in Air mGy/hr 1.800e-012 1.840e-012
" mrad/hr 1.800e-010 1.840e-010

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 6.195e-013 6.359e-013
o Opposed " 3.177e-013 3.263e-013
o Rotational " 1.886e-013 1.939e-013
o Isotropic " 1.432e-013 1.474e-013

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 1.774e-012 1.813e-012
o Opposed " 9.585e-013 9.805e-013
o Rotational " 8.974e-013 9.183e-013
o Isotropic " 8.498e-013 8.689e-013

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 1.267e-013 1.302e-013
o Posterior/Anterior " 3.437e-014 3.548e-014
o Lateral " 2.641e-014 2.714e-014
o Rotational " 5.784e-014 5.947e-014
o Isotropic " 4.711e-014 4.845e-014
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked

Filename Run Date Run Time Duration
Sr-90_03_ft_01_m.ms7 May 20, 2010 11:08:43 PM -01:59:6

Project Info
Case Title Sr-90 3 foot water 

Description Sr-90 1 pCi/g sediment 3 foot water shield 
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 291.44 cm (9 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5

Shield 1 91.44 cm Water 1
Air Gap Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³

Sr-90 1.5000e-006 5.5500e-002
Y-90 1.5000e-006 5.5500e-002

Buildup: The material reference is Shield 1
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 5.122e-06 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.02 9.229e-07 3.555e-41 2.418e-40 1.231e-42 8.376e-42

Totals 6.045e-06 3.555e-41 2.418e-40 1.231e-42 8.376e-42

Page 1 of 1Case Summary of Sr-90 3 foot water

5/20/2010file://C:\Program Files\MicroShield 7\Sr-90_03_ft_01_m.htm

I I I I 
I I I I I 

I I I 
I I 

I I I I y I z 

E==t===+==f==3 L____ 

D106767
Typewritten Text
3-Foot Water Shielding Sr-90 MicroShield Output



MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\Sr-90_03_ft_01_m.ms7

Case Title: Sr-90 3 foot water
This case was run on Thursday, May 20, 2010 at 11:08:43 PM

Dose Point # 1 - (291.44,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 1.777e-039 1.209e-038
Photon Energy Fluence Rate MeV/cm²/sec 3.555e-041 2.418e-040

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 1.231e-042 8.376e-042
Absorbed Dose Rate in Air mGy/hr 1.075e-044 7.312e-044
" mrad/hr 1.075e-042 7.312e-042

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 6.527e-045 4.440e-044
o Opposed " 3.475e-045 2.363e-044
o Rotational " 2.278e-045 1.550e-044
o Isotropic " 1.875e-045 1.275e-044

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 1.101e-044 7.487e-044
o Opposed " 6.719e-045 4.570e-044
o Rotational " 6.527e-045 4.440e-044
o Isotropic " 5.477e-045 3.726e-044

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 1.523e-045 1.036e-044
o Posterior/Anterior " 5.554e-046 3.778e-045
o Lateral " 3.142e-046 2.137e-045
o Rotational " 7.039e-046 4.788e-045
o Isotropic " 5.836e-046 3.970e-045
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked

Filename Run Date Run Time Duration
Sr-90_02_ft_01_m.ms7 May 20, 2010 11:07:14 PM 00:00:00

Project Info
Case Title Sr-90 2 foot stone 

Description Sr-90 1 pCi/g sediment 2 foot armor stone shield 
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 260.96 cm (8 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5

Shield 1 60.96 cm Concrete 2.7
Air Gap Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³

Sr-90 1.5000e-006 5.5500e-002
Y-90 1.5000e-006 5.5500e-002

Buildup: The material reference is Shield 1
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 5.122e-06 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.02 9.229e-07 0.000e+00 0.000e+00 0.000e+00 0.000e+00

Totals 6.045e-06 0.000e+00 0.000e+00 0.000e+00 0.000e+00

Page 1 of 1Case Summary of Sr-90 2 foot stone
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MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\Sr-90_02_ft_01_m.ms7

Case Title: Sr-90 2 foot stone
This case was run on Thursday, May 20, 2010 at 11:07:14 PM

Dose Point # 1 - (260.96,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 0.000e+000 0.000e+000
Photon Energy Fluence Rate MeV/cm²/sec 0.000e+000 0.000e+000

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 0.000e+000 0.000e+000
Absorbed Dose Rate in Air mGy/hr 0.000e+000 0.000e+000
" mrad/hr 0.000e+000 0.000e+000

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 0.000e+000 0.000e+000
o Opposed " 0.000e+000 0.000e+000
o Rotational " 0.000e+000 0.000e+000
o Isotropic " 0.000e+000 0.000e+000

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 0.000e+000 0.000e+000
o Opposed " 0.000e+000 0.000e+000
o Rotational " 0.000e+000 0.000e+000
o Isotropic " 0.000e+000 0.000e+000

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 0.000e+000 0.000e+000
o Posterior/Anterior " 0.000e+000 0.000e+000
o Lateral " 0.000e+000 0.000e+000
o Rotational " 0.000e+000 0.000e+000
o Isotropic " 0.000e+000 0.000e+000
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked

Filename Run Date Run Time Duration
U-235_00_ft_01_m.ms7 May 20, 2010 11:10:42 PM 00:00:00

Project Info
Case Title U-235 1 meter air

Description U-235 1 pCi/g sediment 1 meter air shield
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 200.0 cm (6 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5
Air Gap Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³
Th-231 1.5000e-006 5.5500e-002
U-235 1.5000e-006 5.5500e-002

Buildup: The material reference is Source
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 4.927e-02 1.805e-05 1.834e-05 1.548e-06 1.573e-06
0.02 6.255e-03 8.853e-06 9.237e-06 3.067e-07 3.200e-07
0.03 8.223e-03 6.153e-05 7.208e-05 6.098e-07 7.144e-07
0.04 7.132e-05 1.484e-06 2.126e-06 6.565e-09 9.403e-09
0.05 6.839e-05 2.812e-06 4.701e-06 7.490e-09 1.252e-08
0.06 3.055e-04 2.018e-05 4.324e-05 4.009e-08 8.589e-08
0.08 6.958e-03 8.477e-04 2.196e-03 1.341e-06 3.476e-06
0.1 6.648e-03 1.196e-03 3.892e-03 1.830e-06 5.955e-06

Page 1 of 2Case Summary of U-235 1 meter air
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0.15 8.785e-03 2.911e-03 1.186e-02 4.793e-06 1.952e-05
0.2 3.393e-02 1.685e-02 7.125e-02 2.975e-05 1.258e-04
0.3 7.344e-05 6.426e-05 2.622e-04 1.219e-07 4.974e-07
0.4 4.832e-05 6.349e-05 2.393e-04 1.237e-07 4.663e-07
0.5 4.662e-06 8.433e-06 2.949e-05 1.655e-08 5.788e-08
0.8 5.550e-07 1.996e-06 5.689e-06 3.796e-09 1.082e-08

Totals 1.206e-01 2.206e-02 8.988e-02 4.050e-05 1.585e-04

Page 2 of 2Case Summary of U-235 1 meter air
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MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\U-235_00_ft_01_m.ms7

Case Title: U-235 1 meter air
This case was run on Thursday, May 20, 2010 at 11:10:42 PM

Dose Point # 1 - (200,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 1.308e-001 5.082e-001
Photon Energy Fluence Rate MeV/cm²/sec 2.206e-002 8.988e-002

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 4.050e-005 1.585e-004
Absorbed Dose Rate in Air mGy/hr 3.535e-007 1.383e-006
" mrad/hr 3.535e-005 1.383e-004

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 4.854e-007 1.945e-006
o Opposed " 3.041e-007 1.229e-006
o Rotational " 3.022e-007 1.226e-006
o Isotropic " 2.789e-007 1.130e-006

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 4.963e-007 1.956e-006
o Opposed " 4.296e-007 1.721e-006
o Rotational " 4.291e-007 1.720e-006
o Isotropic " 3.068e-007 1.223e-006

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 4.136e-007 1.676e-006
o Posterior/Anterior " 3.348e-007 1.364e-006
o Lateral " 2.185e-007 8.915e-007
o Rotational " 2.896e-007 1.179e-006
o Isotropic " 2.377e-007 9.677e-007
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked
  

Filename Run Date Run Time Duration
U-235_03_ft_01_m.ms7 May 20, 2010 11:13:08 PM 00:00:00

Project Info
Case Title U-235 3 foot water 

Description U-235 1 pCi/g sediment 3 foot water shield 
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 291.44 cm (9 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5

Shield 1 91.44 cm Water 1
Air Gap  Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³
Th-231 1.5000e-006 5.5500e-002
U-235 1.5000e-006 5.5500e-002

Buildup: The material reference is Shield 1
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 4.927e-02 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.02 6.255e-03 2.409e-37 1.639e-36 8.346e-39 5.677e-38
0.03 8.223e-03 3.933e-20 1.163e-18 3.898e-22 1.153e-20
0.04 7.132e-05 7.593e-18 8.991e-16 3.358e-20 3.977e-18
0.05 6.839e-05 4.130e-16 1.562e-13 1.100e-18 4.160e-16
0.06 3.055e-04 1.593e-14 1.151e-11 3.165e-17 2.285e-14
0.08 6.958e-03 4.026e-12 5.310e-09 6.371e-15 8.403e-12

Page 1 of 2Case Summary of U-235 3 foot water
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0.1 6.648e-03 1.670e-11 2.325e-08 2.555e-14 3.557e-11
0.15 8.785e-03 2.412e-10 2.043e-07 3.971e-13 3.364e-10
0.2 3.393e-02 4.900e-09 2.654e-06 8.648e-12 4.685e-09
0.3 7.344e-05 1.068e-10 2.358e-08 2.026e-13 4.474e-11
0.4 4.832e-05 3.591e-10 4.143e-08 6.996e-13 8.071e-11
0.5 4.662e-06 1.194e-10 8.592e-09 2.344e-13 1.687e-11
0.8 5.550e-07 1.745e-10 5.191e-09 3.320e-13 9.874e-12

Totals 1.206e-01 5.922e-09 2.966e-06 1.055e-11 5.218e-09

Page 2 of 2Case Summary of U-235 3 foot water
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MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\U-235_03_ft_01_m.ms7

Case Title: U-235 3 foot water
This case was run on Thursday, May 20, 2010 at 11:13:08 PM

Dose Point # 1 - (291.44,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 2.804e-008 1.514e-005
Photon Energy Fluence Rate MeV/cm²/sec 5.922e-009 2.966e-006

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 1.055e-011 5.218e-009
Absorbed Dose Rate in Air mGy/hr 9.207e-014 4.555e-011
" mrad/hr 9.207e-012 4.555e-009

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 1.265e-013 6.356e-011
o Opposed " 8.304e-014 4.088e-011
o Rotational " 8.303e-014 4.088e-011
o Isotropic " 7.582e-014 3.750e-011

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 1.271e-013 6.361e-011
o Opposed " 1.148e-013 5.698e-011
o Rotational " 1.148e-013 5.698e-011
o Isotropic " 8.155e-014 4.036e-011

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 1.096e-013 5.503e-011
o Posterior/Anterior " 9.030e-014 4.506e-011
o Lateral " 6.016e-014 2.969e-011
o Rotational " 7.840e-014 3.901e-011
o Isotropic " 6.473e-014 3.211e-011
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked

Filename Run Date Run Time Duration
U-235_02_ft_01_m.ms7 May 20, 2010 11:11:46 PM 00:00:00

Project Info
Case Title U-235 2 foot stone

Description U-235 1 pCi/g sediment 2 foot armor stone shield
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 260.96 cm (8 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5

Shield 1 60.96 cm Concrete 2.7
Air Gap Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³
Th-231 1.5000e-006 5.5500e-002
U-235 1.5000e-006 5.5500e-002

Buildup: The material reference is Shield 1
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 4.927e-02 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.02 6.255e-03 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.03 8.223e-03 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.04 7.132e-05 4.058e-49 4.058e-49 1.795e-51 1.795e-51
0.05 6.839e-05 4.070e-34 6.927e-33 1.084e-36 1.845e-35
0.06 3.055e-04 1.083e-26 4.312e-25 2.152e-29 8.565e-28
0.08 6.958e-03 1.293e-19 8.553e-18 2.046e-22 1.353e-20

Page 1 of 2Case Summary of U-235 2 foot stone
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0.1 6.648e-03 2.900e-17 3.842e-15 4.437e-20 5.878e-18
0.15 8.785e-03 1.275e-14 3.069e-12 2.100e-17 5.054e-15
0.2 3.393e-02 9.362e-13 2.428e-10 1.652e-15 4.285e-13
0.3 7.344e-05 7.513e-14 1.388e-11 1.425e-16 2.633e-14
0.4 4.832e-05 5.417e-13 6.500e-11 1.056e-15 1.266e-13
0.5 4.662e-06 3.124e-13 2.649e-11 6.132e-16 5.199e-14
0.8 5.550e-07 1.319e-12 5.141e-11 2.508e-15 9.779e-14

Totals 1.206e-01 3.197e-12 4.027e-10 5.993e-15 7.363e-13
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MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\U-235_02_ft_01_m.ms7

Case Title: U-235 2 foot stone
This case was run on Thursday, May 20, 2010 at 11:11:46 PM

Dose Point # 1 - (260.96,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 8.644e-012 1.560e-009
Photon Energy Fluence Rate MeV/cm²/sec 3.197e-012 4.027e-010

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 5.993e-015 7.363e-013
Absorbed Dose Rate in Air mGy/hr 5.232e-017 6.428e-015
" mrad/hr 5.232e-015 6.428e-013

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 6.558e-017 8.506e-015
o Opposed " 4.878e-017 5.875e-015
o Rotational " 4.878e-017 5.875e-015
o Isotropic " 4.358e-017 5.310e-015

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 6.812e-017 8.658e-015
o Opposed " 6.363e-017 7.939e-015
o Rotational " 6.363e-017 7.939e-015
o Isotropic " 4.671e-017 5.702e-015

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 5.749e-017 7.394e-015
o Posterior/Anterior " 4.947e-017 6.194e-015
o Lateral " 3.534e-017 4.240e-015
o Rotational " 4.369e-017 5.415e-015
o Isotropic " 3.683e-017 4.505e-015
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked
  

Filename Run Date Run Time Duration
Ra-226_00_ft_01_m.ms7 May 20, 2010 10:57:03 PM 00:00:00

Project Info
Case Title Ra-226 1 meter air 

Description Ra-226 1 pCi/g sediment 1 meter air shield 
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 200.0 cm (6 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5
Air Gap  Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³
At-218 3.0000e-010 1.1100e-005
Bi-214 1.5000e-006 5.5500e-002
Pb-214 1.5000e-006 5.5500e-002
Po-214 1.5000e-006 5.5500e-002
Po-218 1.5000e-006 5.5500e-002
Ra-226 1.5000e-006 5.5500e-002
Rn-222 1.5000e-006 5.5500e-002

Buildup: The material reference is Source
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 8.111e-03 2.972e-06 3.019e-06 2.549e-07 2.589e-07
0.05 6.118e-04 2.515e-05 4.206e-05 6.701e-08 1.120e-07
0.08 1.352e-02 1.647e-03 4.267e-03 2.606e-06 6.752e-06

Page 1 of 2Case Summary of Ra-226 1 meter air
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0.1 1.374e-04 2.471e-05 8.042e-05 3.780e-08 1.230e-07
0.15 5.456e-05 1.807e-05 7.363e-05 2.976e-08 1.212e-07
0.2 6.005e-03 2.983e-03 1.261e-02 5.265e-06 2.226e-05
0.3 1.152e-02 1.008e-02 4.115e-02 1.913e-05 7.806e-05
0.4 2.120e-02 2.785e-02 1.050e-01 5.426e-05 2.046e-04
0.5 1.157e-03 2.092e-03 7.316e-03 4.106e-06 1.436e-05
0.6 2.695e-02 6.348e-02 2.066e-01 1.239e-04 4.033e-04
0.8 5.433e-03 1.953e-02 5.569e-02 3.716e-05 1.059e-04
1.0 1.569e-02 7.875e-02 2.039e-01 1.452e-04 3.759e-04
1.5 1.070e-02 9.958e-02 2.149e-01 1.675e-04 3.615e-04
2.0 1.533e-02 2.215e-01 4.349e-01 3.426e-04 6.725e-04
3.0 9.446e-05 2.523e-03 4.416e-03 3.423e-06 5.991e-06

Totals 1.365e-01 5.301e-01 1.291e+00 9.055e-04 2.252e-03

Page 2 of 2Case Summary of Ra-226 1 meter air
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MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\Ra-226_00_ft_01_m.ms7

Case Title: Ra-226 1 meter air
This case was run on Thursday, May 20, 2010 at 10:57:03 PM

Dose Point # 1 - (200,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 5.310e-001 1.513e+000
Photon Energy Fluence Rate MeV/cm²/sec 5.301e-001 1.291e+000

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 9.055e-004 2.252e-003
Absorbed Dose Rate in Air mGy/hr 7.905e-006 1.966e-005
" mrad/hr 7.905e-004 1.966e-003

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 9.158e-006 2.298e-005
o Opposed " 7.751e-006 1.913e-005
o Rotational " 7.750e-006 1.913e-005
o Isotropic " 6.938e-006 1.710e-005

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 9.635e-006 2.417e-005
o Opposed " 9.257e-006 2.315e-005
o Rotational " 9.257e-006 2.315e-005
o Isotropic " 7.307e-006 1.806e-005

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 8.190e-006 2.049e-005
o Posterior/Anterior " 7.479e-006 1.854e-005
o Lateral " 5.916e-006 1.445e-005
o Rotational " 6.737e-006 1.666e-005
o Isotropic " 5.937e-006 1.458e-005
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked
  

Filename Run Date Run Time Duration
Ra-226_03_ft_01_m.ms7 May 20, 2010 10:59:26 PM 00:00:00

Project Info
Case Title Ra-226 3 foot water 

Description Ra-226 1 pCi/g sediment 3 foot water shield 
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 291.44 cm (9 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5

Shield 1 91.44 cm Water 1
Air Gap  Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³
At-218 3.0000e-010 1.1100e-005
Bi-214 1.5000e-006 5.5500e-002
Pb-214 1.5000e-006 5.5500e-002
Po-214 1.5000e-006 5.5500e-002
Po-218 1.5000e-006 5.5500e-002
Ra-226 1.5000e-006 5.5500e-002
Rn-222 1.5000e-006 5.5500e-002

Buildup: The material reference is Shield 1
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 8.111e-03 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.05 6.118e-04 3.694e-15 1.397e-12 9.841e-18 3.721e-15

Page 1 of 2Case Summary of Ra-226 3 foot water
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0.08 1.352e-02 7.822e-12 1.032e-08 1.238e-14 1.633e-11
0.1 1.374e-04 3.451e-13 4.805e-10 5.280e-16 7.351e-13
0.15 5.456e-05 1.498e-12 1.269e-09 2.466e-15 2.089e-12
0.2 6.005e-03 8.673e-10 4.698e-07 1.531e-12 8.292e-10
0.3 1.152e-02 1.676e-08 3.701e-06 3.180e-11 7.020e-09
0.4 2.120e-02 1.575e-07 1.817e-05 3.069e-10 3.540e-08
0.5 1.157e-03 2.962e-08 2.132e-06 5.814e-11 4.184e-09
0.6 2.695e-02 1.855e-06 9.483e-05 3.620e-09 1.851e-07
0.8 5.433e-03 1.709e-06 5.082e-05 3.250e-09 9.665e-08
1.0 1.569e-02 1.547e-05 3.201e-04 2.851e-08 5.900e-07
1.5 1.070e-02 7.610e-05 8.527e-04 1.280e-07 1.435e-06
2.0 1.533e-02 3.991e-04 3.110e-03 6.172e-07 4.810e-06
3.0 9.446e-05 1.289e-05 6.651e-05 1.749e-08 9.023e-08

Totals 1.365e-01 5.074e-04 4.520e-03 7.985e-07 7.254e-06

Page 2 of 2Case Summary of Ra-226 3 foot water
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MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\Ra-226_03_ft_01_m.ms7

Case Title: Ra-226 3 foot water
This case was run on Thursday, May 20, 2010 at 10:59:26 PM

Dose Point # 1 - (291.44,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 2.758e-004 2.752e-003
Photon Energy Fluence Rate MeV/cm²/sec 5.074e-004 4.520e-003

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 7.985e-007 7.254e-006
Absorbed Dose Rate in Air mGy/hr 6.971e-009 6.333e-008
" mrad/hr 6.971e-007 6.333e-006

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 7.889e-009 7.187e-008
o Opposed " 7.015e-009 6.338e-008
o Rotational " 7.015e-009 6.338e-008
o Isotropic " 6.323e-009 5.702e-008

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 8.258e-009 7.541e-008
o Opposed " 8.029e-009 7.316e-008
o Rotational " 8.029e-009 7.316e-008
o Isotropic " 6.584e-009 5.954e-008

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 7.123e-009 6.480e-008
o Posterior/Anterior " 6.681e-009 6.049e-008
o Lateral " 5.537e-009 4.968e-008
o Rotational " 6.069e-009 5.486e-008
o Isotropic " 5.469e-009 4.921e-008
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked
  

Filename Run Date Run Time Duration
Ra-226_02_ft_01_m.ms7 May 20, 2010 10:58:22 PM 00:00:00

Project Info
Case Title Ra-226 2 foot stone 

Description Ra-226 1 pCi/g sediment 2 foot armor stone shield 
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 260.96 cm (8 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5

Shield 1 60.96 cm Concrete 2.7
Air Gap  Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³
At-218 3.0000e-010 1.1100e-005
Bi-214 1.5000e-006 5.5500e-002
Pb-214 1.5000e-006 5.5500e-002
Po-214 1.5000e-006 5.5500e-002
Po-218 1.5000e-006 5.5500e-002
Ra-226 1.5000e-006 5.5500e-002
Rn-222 1.5000e-006 5.5500e-002

Buildup: The material reference is Shield 1
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 8.111e-03 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.05 6.118e-04 3.641e-33 6.196e-32 9.699e-36 1.651e-34

Page 1 of 2Case Summary of Ra-226 2 foot stone
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0.08 1.352e-02 2.512e-19 1.662e-17 3.975e-22 2.630e-20
0.1 1.374e-04 5.992e-19 7.939e-17 9.167e-22 1.215e-19
0.15 5.456e-05 7.919e-17 1.906e-14 1.304e-19 3.138e-17
0.2 6.005e-03 1.657e-13 4.297e-11 2.925e-16 7.585e-14
0.3 1.152e-02 1.179e-11 2.178e-09 2.237e-14 4.132e-12
0.4 2.120e-02 2.376e-10 2.851e-08 4.630e-13 5.555e-11
0.5 1.157e-03 7.751e-11 6.571e-09 1.521e-13 1.290e-11
0.6 2.695e-02 7.427e-09 4.674e-07 1.450e-11 9.123e-10
0.8 5.433e-03 1.291e-08 5.033e-07 2.455e-11 9.573e-10
1.0 1.569e-02 1.852e-07 5.037e-06 3.413e-10 9.285e-09
1.5 1.070e-02 1.935e-06 2.879e-05 3.256e-09 4.843e-08
2.0 1.533e-02 1.573e-05 1.655e-04 2.432e-08 2.559e-07
3.0 9.446e-05 8.175e-07 5.672e-06 1.109e-09 7.696e-09

Totals 1.365e-01 1.869e-05 2.060e-04 2.907e-08 3.233e-07

Page 2 of 2Case Summary of Ra-226 2 foot stone
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MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\Ra-226_02_ft_01_m.ms7

Case Title: Ra-226 2 foot stone
This case was run on Thursday, May 20, 2010 at 10:58:22 PM

Dose Point # 1 - (260.96,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 9.642e-006 1.104e-004
Photon Energy Fluence Rate MeV/cm²/sec 1.869e-005 2.060e-004

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 2.907e-008 3.233e-007
Absorbed Dose Rate in Air mGy/hr 2.538e-010 2.822e-009
" mrad/hr 2.538e-008 2.822e-007

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 2.870e-010 3.193e-009
o Opposed " 2.561e-010 2.842e-009
o Rotational " 2.561e-010 2.842e-009
o Isotropic " 2.311e-010 2.562e-009

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 2.999e-010 3.341e-009
o Opposed " 2.919e-010 3.249e-009
o Rotational " 2.919e-010 3.249e-009
o Isotropic " 2.403e-010 2.667e-009

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 2.593e-010 2.883e-009
o Posterior/Anterior " 2.437e-010 2.706e-009
o Lateral " 2.029e-010 2.245e-009
o Rotational " 2.216e-010 2.459e-009
o Isotropic " 2.001e-010 2.217e-009
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked
  

Filename Run Date Run Time Duration
Pu-239_00_ft_01_m.ms7 May 20, 2010 10:48:00 PM 00:00:00

Project Info
Case Title Pu-239 1 meter air 

Description Pu-239 1 pCi/g sediment 1 meter air shield 
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 200.0 cm (6 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5
Air Gap  Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³
Pu-239 1.5000e-006 5.5500e-002

Buildup: The material reference is Source
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 5.749e-02 2.106e-05 2.140e-05 1.806e-06 1.835e-06
0.02 2.696e-04 3.816e-07 3.982e-07 1.322e-08 1.379e-08
0.03 5.828e-08 4.361e-10 5.108e-10 4.322e-12 5.063e-12
0.04 3.308e-06 6.884e-08 9.860e-08 3.045e-10 4.361e-10
0.05 1.194e-05 4.908e-07 8.206e-07 1.307e-09 2.186e-09
0.06 9.463e-07 6.251e-08 1.339e-07 1.242e-10 2.660e-10
0.08 3.663e-07 4.462e-08 1.156e-07 7.062e-11 1.830e-10
0.1 6.185e-06 1.113e-06 3.621e-06 1.702e-09 5.540e-09
0.15 3.859e-06 1.279e-06 5.208e-06 2.105e-09 8.577e-09

Page 1 of 2Case Summary of Pu-239 1 meter air
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0.2 4.996e-07 2.482e-07 1.049e-06 4.381e-10 1.852e-09
0.3 9.052e-07 7.921e-07 3.232e-06 1.503e-09 6.131e-09
0.4 2.689e-06 3.533e-06 1.332e-05 6.885e-09 2.595e-08
0.5 1.121e-07 2.028e-07 7.091e-07 3.980e-10 1.392e-09
0.6 3.752e-08 8.837e-08 2.876e-07 1.725e-10 5.614e-10
0.8 1.316e-08 4.733e-08 1.349e-07 9.003e-11 2.566e-10
1.0 1.182e-10 5.935e-10 1.537e-09 1.094e-12 2.832e-12

Totals 5.779e-02 2.941e-05 5.053e-05 1.835e-06 1.902e-06

Page 2 of 2Case Summary of Pu-239 1 meter air
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MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\Pu-239_00_ft_01_m.ms7

Case Title: Pu-239 1 meter air
This case was run on Thursday, May 20, 2010 at 10:48:00 PM

Dose Point # 1 - (200,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 1.469e-003 1.591e-003
Photon Energy Fluence Rate MeV/cm²/sec 2.941e-005 5.053e-005

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 1.835e-006 1.902e-006
Absorbed Dose Rate in Air mGy/hr 1.602e-008 1.661e-008
" mrad/hr 1.602e-006 1.661e-006

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 4.514e-009 5.040e-009
o Opposed " 2.291e-009 2.633e-009
o Rotational " 1.322e-009 1.648e-009
o Isotropic " 9.631e-010 1.255e-009

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 1.567e-008 1.638e-008
o Opposed " 8.220e-009 8.765e-009
o Rotational " 7.612e-009 8.146e-009
o Isotropic " 7.454e-009 7.870e-009

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 9.644e-010 1.369e-009
o Posterior/Anterior " 2.883e-010 6.145e-010
o Lateral " 2.541e-010 4.754e-010
o Rotational " 4.758e-010 7.639e-010
o Isotropic " 3.848e-010 6.231e-010
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked
  

Filename Run Date Run Time Duration
Pu-239_03_ft_01_m.ms7 May 20, 2010 10:51:39 PM 00:00:00

Project Info
Case Title Pu-239 3 foot water 

Description Pu-239 1 pCi/g sediment 3 foot water shield 
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 291.44 cm (9 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5

Shield 1 91.44 cm Water 1
Air Gap  Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³
Pu-239 1.5000e-006 5.5500e-002

Buildup: The material reference is Shield 1
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 5.749e-02 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.02 2.696e-04 1.039e-38 7.065e-38 3.598e-40 2.447e-39
0.03 5.828e-08 2.787e-25 8.242e-24 2.762e-27 8.169e-26
0.04 3.308e-06 3.522e-19 4.170e-17 1.557e-21 1.844e-19
0.05 1.194e-05 7.209e-17 2.726e-14 1.920e-19 7.261e-17
0.06 9.463e-07 4.935e-17 3.564e-14 9.802e-20 7.078e-17
0.08 3.663e-07 2.119e-16 2.795e-13 3.354e-19 4.423e-16
0.1 6.185e-06 1.554e-14 2.163e-11 2.377e-17 3.309e-14

Page 1 of 2Case Summary of Pu-239 3 foot water
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0.15 3.859e-06 1.059e-13 8.974e-11 1.745e-16 1.478e-13
0.2 4.996e-07 7.216e-14 3.909e-11 1.274e-16 6.899e-14
0.3 9.052e-07 1.317e-12 2.907e-10 2.498e-15 5.514e-13
0.4 2.689e-06 1.998e-11 2.305e-09 3.893e-14 4.492e-12
0.5 1.121e-07 2.871e-12 2.066e-10 5.636e-15 4.056e-13
0.6 3.752e-08 2.582e-12 1.320e-10 5.040e-15 2.577e-13
0.8 1.316e-08 4.140e-12 1.231e-10 7.874e-15 2.342e-13
1.0 1.182e-10 1.166e-13 2.412e-12 2.148e-16 4.446e-15

Totals 5.779e-02 3.120e-11 3.211e-09 6.052e-14 6.196e-12

Page 2 of 2Case Summary of Pu-239 3 foot water

5/20/2010file://C:\Program Files\MicroShield 7\Pu-239_03_ft_01_m.htm



MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\Pu-239_03_ft_01_m.ms7

Case Title: Pu-239 3 foot water
This case was run on Thursday, May 20, 2010 at 10:51:39 PM

Dose Point # 1 - (291.44,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 7.091e-011 8.537e-009
Photon Energy Fluence Rate MeV/cm²/sec 3.120e-011 3.211e-009

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 6.052e-014 6.196e-012
Absorbed Dose Rate in Air mGy/hr 5.284e-016 5.409e-014
" mrad/hr 5.284e-014 5.409e-012

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 6.553e-016 6.836e-014
o Opposed " 4.943e-016 5.035e-014
o Rotational " 4.943e-016 5.035e-014
o Isotropic " 4.381e-016 4.475e-014

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 6.823e-016 7.070e-014
o Opposed " 6.440e-016 6.635e-014
o Rotational " 6.440e-016 6.635e-014
o Isotropic " 4.687e-016 4.789e-014

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 5.708e-016 5.931e-014
o Posterior/Anterior " 4.917e-016 5.060e-014
o Lateral " 3.512e-016 3.562e-014
o Rotational " 4.348e-016 4.459e-014
o Isotropic " 3.660e-016 3.737e-014
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked
  

Filename Run Date Run Time Duration
Pu-239_02_ft_01_m.ms7 May 20, 2010 10:49:36 PM 00:00:00

Project Info
Case Title Pu-239 2 foot stone 

Description Pu-239 1 pCi/g sediment 2 foot armor stone shield 
Geometry 16 - Infinite Slab

Source Dimensions
Thickness 100.0 cm (3 ft 3.4 in)

Dose Points
A X Y Z
#1 260.96 cm (8 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields
Shield N Dimension Material Density
Source Infinite Concrete 1.5

Shield 1 60.96 cm Concrete 2.7
Air Gap  Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38
Nuclide µCi/cm³ Bq/cm³
Pu-239 1.5000e-006 5.5500e-002

Buildup: The material reference is Shield 1
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate
MeV/cm²/sec
No Buildup

Fluence Rate
MeV/cm²/sec
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate
mR/hr 

With Buildup
0.015 5.749e-02 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.02 2.696e-04 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.03 5.828e-08 0.000e+00 0.000e+00 0.000e+00 0.000e+00
0.04 3.308e-06 1.882e-50 1.882e-50 8.323e-53 8.323e-53
0.05 1.194e-05 7.104e-35 1.209e-33 1.892e-37 3.221e-36
0.06 9.463e-07 3.356e-29 1.335e-27 6.665e-32 2.653e-30
0.08 3.663e-07 6.805e-24 4.502e-22 1.077e-26 7.125e-25
0.1 6.185e-06 2.698e-20 3.574e-18 4.127e-23 5.468e-21

Page 1 of 2Case Summary of Pu-239 2 foot stone
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0.15 3.859e-06 5.602e-18 1.348e-15 9.225e-21 2.220e-18
0.2 4.996e-07 1.379e-17 3.575e-15 2.433e-20 6.311e-18
0.3 9.052e-07 9.261e-16 1.711e-13 1.757e-18 3.246e-16
0.4 2.689e-06 3.015e-14 3.617e-12 5.874e-17 7.048e-15
0.5 1.121e-07 7.513e-15 6.369e-13 1.475e-17 1.250e-15
0.6 3.752e-08 1.034e-14 6.507e-13 2.018e-17 1.270e-15
0.8 1.316e-08 3.128e-14 1.219e-12 5.949e-17 2.319e-15
1.0 1.182e-10 1.395e-15 3.796e-14 2.572e-18 6.997e-17

Totals 5.779e-02 8.161e-14 6.338e-12 1.575e-16 1.229e-14

Page 2 of 2Case Summary of Pu-239 2 foot stone
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MicroShield 7.02 (05-MSD-7.00-1022) 05/20/10

MicroShield 7.02 (05-MSD-7.00-1022)
Battelle

Conversion of calculated exposure in air to dose
FILE: C:\ushield\CaseFiles\Pu-239_02_ft_01_m.ms7

Case Title: Pu-239 2 foot stone
This case was run on Thursday, May 20, 2010 at 10:49:36 PM

Dose Point # 1 - (260.96,0,0) cm

Results (Summed over energies) Units Without With
Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 1.513e-013 1.356e-011
Photon Energy Fluence Rate MeV/cm²/sec 8.161e-014 6.338e-012

Exposure and Dose Rates:
Exposure Rate in Air mR/hr 1.575e-016 1.229e-014
Absorbed Dose Rate in Air mGy/hr 1.375e-018 1.073e-016
" mrad/hr 1.375e-016 1.073e-014

Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 1.664e-018 1.321e-016
o Opposed " 1.297e-018 1.006e-016
o Rotational " 1.297e-018 1.006e-016
o Isotropic " 1.148e-018 8.912e-017

Shallow Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 1.751e-018 1.379e-016
o Opposed " 1.659e-018 1.304e-016
o Rotational " 1.659e-018 1.304e-016
o Isotropic " 1.228e-018 9.533e-017

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSv/hr 1.462e-018 1.153e-016
o Posterior/Anterior " 1.278e-018 9.975e-017
o Lateral " 9.333e-019 7.170e-017
o Rotational " 1.136e-018 8.835e-017
o Isotropic " 9.630e-019 7.451e-017
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked

   

Filename Run Date Run Time Duration

Co-60_00_ft_01_m.ms7 January 26, 2012 10:50:56 AM 00:00:00

Project Info

Case Title Co-60 1 meter air 

Description Co-60 1 pCi/g sediment 1 meter air shield 

Geometry 16 - Infinite Slab

Source Dimensions

Thickness 100.0 cm (3 ft 3.4 in)

Dose Points

A X Y Z

#1 200.0 cm (6 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields

Shield N Dimension Material Density

Source Infinite Concrete 1.5

Air Gap  Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38

Nuclide µCi/cm³ Bq/cm³

Co-60 1.5000e-006 5.5500e-002

Buildup: The material reference is Source 
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate 
MeV/cm²/sec 
No Buildup

Fluence Rate 
MeV/cm²/sec 
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate 
mR/hr 

With Buildup

0.015 6.129e-06 2.245e-09 2.281e-09 1.926e-10 1.957e-10

0.3 4.218e-06 3.691e-06 1.506e-05 7.002e-09 2.857e-08

0.8 4.218e-06 1.517e-05 4.324e-05 2.885e-08 8.224e-08

1.0 5.544e-02 2.783e-01 7.207e-01 5.131e-04 1.328e-03

1.5 5.549e-02 5.164e-01 1.114e+00 8.687e-04 1.874e-03

2.0 6.105e-07 8.822e-06 1.732e-05 1.364e-08 2.678e-08

3.0 1.998e-09 5.337e-08 9.340e-08 7.240e-11 1.267e-10

Totals 1.109e-01 7.947e-01 1.835e+00 1.382e-03 3.203e-03
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MicroShield 7.02 (05-MSD-7.00-1022) 01/26/12

MicroShield 7.02 (05-MSD-7.00-1022)

Battelle

Conversion of calculated exposure in air to dose

FILE: E:\ushield\Co-60_00_ft_01_m.ms7

Case Title: Co-60 1 meter air

This case was run on Thursday, January 26, 2012 at 10:50:56 AM

Dose Point # 1 - (200,0,0) cm

Results (Summed over energies) Units Without With

Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 6.226e-001 1.464e+000

Photon Energy Fluence Rate MeV/cm²/sec 7.947e-001 1.835e+000

Exposure and Dose Rates:

Exposure Rate in Air mR/hr 1.382e-003 3.203e-003

Absorbed Dose Rate in Air mGy/hr 1.206e-005 2.796e-005

" mrad/hr 1.206e-003 2.796e-003

Deep Dose Equivalent Rate (ICRP 51 - 1987)

o Parallel Geometry mSv/hr 1.372e-005 3.181e-005

o Opposed " 1.183e-005 2.739e-005

o Rotational " 1.183e-005 2.739e-005

o Isotropic " 1.057e-005 2.446e-005

Shallow Dose Equivalent Rate (ICRP 51 - 1987)

o Parallel Geometry mSv/hr 1.457e-005 3.382e-005

o Opposed " 1.405e-005 3.258e-005

o Rotational " 1.405e-005 3.258e-005

o Isotropic " 1.117e-005 2.588e-005

Effective Dose Equivalent Rate (ICRP 51 - 1987)

o Anterior/Posterior Geometry mSv/hr 1.234e-005 2.862e-005

o Posterior/Anterior " 1.138e-005 2.635e-005

o Lateral " 9.071e-006 2.097e-005

o Rotational " 1.025e-005 2.374e-005

o Isotropic " 9.077e-006 2.100e-005
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked

   

Filename Run Date Run Time Duration

Co-60_03_ft_01_m.ms7 January 26, 2012 10:55:41 AM 00:00:00

Project Info

Case Title Co-60 3 foot water 

Description Co-60 1 pCi/g sediment 3 foot water shield 

Geometry 16 - Infinite Slab

Source Dimensions

Thickness 100.0 cm (3 ft 3.4 in)

Dose Points

A X Y Z

#1 291.44 cm (9 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields

Shield N Dimension Material Density

Source Infinite Concrete 1.5

Shield 1 91.44 cm Water 1

Air Gap  Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38

Nuclide µCi/cm³ Bq/cm³

Co-60 1.5000e-006 5.5500e-002

Buildup: The material reference is Shield 1 
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate 
MeV/cm²/sec 
No Buildup

Fluence Rate 
MeV/cm²/sec 
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate 
mR/hr 

With Buildup

0.015 6.129e-06 0.000e+00 0.000e+00 0.000e+00 0.000e+00

0.3 4.218e-06 6.135e-12 1.355e-09 1.164e-14 2.570e-12

0.8 4.218e-06 1.327e-09 3.945e-08 2.523e-12 7.504e-11

1.0 5.544e-02 5.466e-05 1.131e-03 1.008e-07 2.085e-06

1.5 5.549e-02 3.946e-04 4.422e-03 6.640e-07 7.440e-06

2.0 6.105e-07 1.589e-08 1.239e-07 2.458e-11 1.915e-10

3.0 1.998e-09 2.727e-10 1.407e-09 3.700e-13 1.908e-12

Totals 1.109e-01 4.493e-04 5.553e-03 7.648e-07 9.525e-06
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MicroShield 7.02 (05-MSD-7.00-1022) 01/26/12

MicroShield 7.02 (05-MSD-7.00-1022)

Battelle

Conversion of calculated exposure in air to dose

FILE: E:\ushield\Co-60_03_ft_01_m.ms7

Case Title: Co-60 3 foot water

This case was run on Thursday, January 26, 2012 at 10:55:41 AM

Dose Point # 1 - (291.44,0,0) cm

Results (Summed over energies) Units Without With

Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 3.178e-004 4.079e-003

Photon Energy Fluence Rate MeV/cm²/sec 4.493e-004 5.553e-003

Exposure and Dose Rates:

Exposure Rate in Air mR/hr 7.648e-007 9.525e-006

Absorbed Dose Rate in Air mGy/hr 6.676e-009 8.316e-008

" mrad/hr 6.676e-007 8.316e-006

Deep Dose Equivalent Rate (ICRP 51 - 1987)

o Parallel Geometry mSv/hr 7.564e-009 9.433e-008

o Opposed " 6.580e-009 8.180e-008

o Rotational " 6.580e-009 8.180e-008

o Isotropic " 5.897e-009 7.323e-008

Shallow Dose Equivalent Rate (ICRP 51 - 1987)

o Parallel Geometry mSv/hr 8.014e-009 1.000e-007

o Opposed " 7.749e-009 9.663e-008

o Rotational " 7.749e-009 9.663e-008

o Isotropic " 6.213e-009 7.726e-008

Effective Dose Equivalent Rate (ICRP 51 - 1987)

o Anterior/Posterior Geometry mSv/hr 6.816e-009 8.496e-008

o Posterior/Anterior " 6.316e-009 7.858e-008

o Lateral " 5.089e-009 6.308e-008

o Rotational " 5.701e-009 7.088e-008

o Isotropic " 5.076e-009 6.299e-008
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MicroShield 7.02 
Battelle (05-MSD-7.00-1022)

Date By Checked

   

Filename Run Date Run Time Duration

Co-60_02_ft_01_m.ms7 January 26, 2012 10:53:49 AM 00:00:00

Project Info

Case Title Co-60 2 foot stone 

Description Co-60 1 pCi/g sediment 2 foot armor stone shield 

Geometry 16 - Infinite Slab

Source Dimensions

Thickness 100.0 cm (3 ft 3.4 in)

Dose Points

A X Y Z

#1 260.96 cm (8 ft 6.7 in) 0.0 cm (0.0 in) 0.0 cm (0.0 in)

Shields

Shield N Dimension Material Density

Source Infinite Concrete 1.5

Shield 1 60.96 cm Concrete 2.7

Air Gap  Air 0.00122

Source Input: Grouping Method - Standard Indices 
Number of Groups: 25 

Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38

Nuclide µCi/cm³ Bq/cm³

Co-60 1.5000e-006 5.5500e-002

Buildup: The material reference is Shield 1 
Integration Parameters

Results

Energy (MeV) Activity (Photons/sec)
Fluence Rate 
MeV/cm²/sec 
No Buildup

Fluence Rate 
MeV/cm²/sec 
With Buildup

Exposure Rate 
mR/hr 

No Buildup

Exposure Rate 
mR/hr 

With Buildup

0.015 6.129e-06 0.000e+00 0.000e+00 0.000e+00 0.000e+00

0.3 4.218e-06 4.315e-15 7.973e-13 8.186e-18 1.512e-15

0.8 4.218e-06 1.002e-11 3.907e-10 1.906e-14 7.432e-13

1.0 5.544e-02 6.544e-07 1.780e-05 1.206e-09 3.282e-08

1.5 5.549e-02 1.004e-05 1.493e-04 1.689e-08 2.511e-07

2.0 6.105e-07 6.264e-10 6.590e-09 9.686e-13 1.019e-11

3.0 1.998e-09 1.729e-11 1.200e-10 2.346e-14 1.628e-13

Totals 1.109e-01 1.069e-05 1.671e-04 1.809e-08 2.840e-07
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MicroShield 7.02 (05-MSD-7.00-1022) 01/26/12

MicroShield 7.02 (05-MSD-7.00-1022)

Battelle

Conversion of calculated exposure in air to dose

FILE: E:\ushield\Co-60_02_ft_01_m.ms7

Case Title: Co-60 2 foot stone

This case was run on Thursday, January 26, 2012 at 10:53:49 AM

Dose Point # 1 - (260.96,0,0) cm

Results (Summed over energies) Units Without With

Buildup Buildup

Photon Fluence Rate (flux) Photons/cm²/sec 7.345e-006 1.173e-004

Photon Energy Fluence Rate MeV/cm²/sec 1.069e-005 1.671e-004

Exposure and Dose Rates:

Exposure Rate in Air mR/hr 1.809e-008 2.840e-007

Absorbed Dose Rate in Air mGy/hr 1.579e-010 2.479e-009

" mrad/hr 1.579e-008 2.479e-007

Deep Dose Equivalent Rate (ICRP 51 - 1987)

o Parallel Geometry mSv/hr 1.788e-010 2.808e-009

o Opposed " 1.559e-010 2.444e-009

o Rotational " 1.559e-010 2.444e-009

o Isotropic " 1.398e-010 2.191e-009

Shallow Dose Equivalent Rate (ICRP 51 - 1987)

o Parallel Geometry mSv/hr 1.893e-010 2.974e-009

o Opposed " 1.831e-010 2.877e-009

o Rotational " 1.831e-010 2.877e-009

o Isotropic " 1.472e-010 2.308e-009

Effective Dose Equivalent Rate (ICRP 51 - 1987)

o Anterior/Posterior Geometry mSv/hr 1.611e-010 2.530e-009

o Posterior/Anterior " 1.496e-010 2.346e-009

o Lateral " 1.208e-010 1.892e-009

o Rotational " 1.351e-010 2.118e-009

o Isotropic " 1.204e-010 1.886e-009
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Table 1
Comparison of RBC + Background Concentrations for ROCs to Maximum Detected ROC Concentrations
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California

Exposure 
Scenario ROC Background 

Concentration (pCi/g)
RBC(a) + Background 
Concentration (pCi/g) 

Maximum Detected 
Concentration (pCi/g)

Maximum Detection 
Exceeds RBC + 
Background?

Cs-137 0.0747 0.92 0.248 N
Co-60 0.0426 0.50 0.0452 N
Pu-239 0.0173 36.77 0.0422 N
Ra-226 0.6039 1.6039 1.06 N
Sr-90 0.1747 6.27 4.56 N
U-235 0.2342 2.92 0.672 N
Cs-137 0.0747 256.06 0.245 N
Co-60 0.0426 121.77 0.0884 N
Pu-239 0.0173 36.95 0.753 N
Ra-226 0.6039 9.48 1.38 N
Sr-90 0.1747 6.63 0.759 N
U-235 0.2342 57.77 0.697 N

Notes:
a

PAL project action limit
pCi/g picocurie per gram
PRG preliminary remediation goal
RBC risk-based concentration
ROC radionuclide of concern

References:

Intertidal

Subtidal

United States Environmental Protection Agency (USEPA). 2016. Preliminary Remediation Goals (PRG) Calculator for Radionuclides. 
Accessed October 6. https://epa-prgs.ornl.gov/cgi-bin/radionuclides/rprg_search

Tables 8 and 9 summarize the RBCs. RBCs were calculated using equations provided in the USEPA (2016) PRG 
calculator for radionuclides, modified to include the shellfish consumption pathway (see Exhibit 1 for equations).  
The RBCs incorporate slope factors provided in USEPA (2016), the USEPA (2016) equations for recreational adult 
and child exposure to soil from incidental ingestion and external exposure, the Parcel F approach for adult shellfish 
consumption (Battelle and Sea Engineering, 2013; ITSI & Gilbane, 2013), and the Parcel F exposure assumptions 
for recreational exposure (Battelle and Sea Engineering, 2013; ITSI & Gilbane, 2013).
The intertidal RBC for Ra-226 is less the than the background concentration for Ra-226. The terrestrial soil PAL of 
1 pCi/g is used as the Ra-226 RBC for intertidal sediments, consistent with the approach in Battelle and Sea 
Engineering (2013) and ITSI & Gilbane (2013).

Battelle and Sea Engineering, Inc. 2013. Final Technical Memorandum for Radiological Data Gap Investigation Phase 2a at Parcel F, 
Hunters Point Naval Shipyard, San Francisco, California. April.
ITSI Gilbane & SAIC. 2013. Final Technical Memorandum for Radiological Data Gap Investigation Phase 2b at Parcel F, Hunters 
Point Naval Shipyard, San Francisco, California. September.
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TABLE 2
Exposure Assumptions
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California

Exposure 
Medium

Exposure 
Route

Receptor 
Population

Receptor 
Age Parameter Parameter Definition Value Units Reference

Sediment Ingestion IRSrec-a Adult Ingestion Rate – Sediment 100 mg/day ITSI Gilbane & SAIC, 2013. Table 2-1.
IRSrec-c Child Ingestion Rate – Sediment 200 mg/day USEPA, 2014 and 2016
IFSrec-adj Age-Adjusted Ingestion Fraction – 

Sediment
83,200 mg Calculated - see Exhibit 1.

EFrec-a Adult Exposure Frequency 26 days/year ITSI Gilbane & SAIC, 2013. Table 2-1.
EFrec-c Child Exposure Frequency 26 days/year ITSI Gilbane & SAIC, 2013. Table 2-1.
EDrec-a Adult Exposure Duration 20 years USEPA, 2014 and 2016 (a).
EDrec-c Child Exposure Duration 6 years USEPA, 2014 and 2016 (a).

trec Time – Recreational User 26 years ITSI Gilbane & SAIC, 2013. Table 2-1.
ETrec Exposure Time 8 hours/day ITSI Gilbane & SAIC, 2013. Table 2-1.
EFrec Exposure Frequency 26 days/year ITSI Gilbane & SAIC, 2013. Table 2-1.
EDrec Exposure Duration 26 years USEPA, 2014 and 2016 (a).
trec Time – Recreational User 26 years ITSI Gilbane & SAIC, 2013. Table 2-1.

ACFext-sv Area Correction Factor 1 unitless USEPA, 2016. Based on a site area of 
1,000,000 square meters.

Shellfish Ingestion Adult IRSFISHrec-a Adult Ingestion Rate – Shellfish 2.13 grams/day ITSI Gilbane & SAIC, 2013. Table 2-1.
FIsfish Fraction Ingested from 

Contaminated Source
0.1 unitless ITSI Gilbane & SAIC, 2013. Table 2-1.

EFrec-a-sfish Exposure Frequency 365 days/year Barajas & Associates, Inc., 2008. Table 2-1.
trec-a Time – Recreational User 20 years ITSI Gilbane & SAIC, 2013. Table 2-1.

Notes:
a

b

mg milligram
mg/day milligram per day

References:
Barajas & Associates, Inc. (Barajas). 2008. Final Feasibility Study Report for Parcel F, Hunters
Point Shipyard, San Francisco, California. April 30.
ITSI Gilbane & SAIC. 2013. Final Technical Memorandum for Radiological Data Gap Investigation Phase 2b at Parcel F, Hunters Point Naval Shipyard, San Francisco, California. September.
United States Environmental Protection Agency (USEPA). 2014. Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors. Office of Solid 

        United States Environmental Protection Agency (USEPA). 2016. Preliminary Remediation Goals (PRG) Calculator for Radionuclides. Accessed October 6. https://epa-prgs.ornl.gov/cgi-
bin/radionuclides/rprg_search

Recreational 
User

External 
Exposure

Recreational 
User

Children under the age of six years were assumed not to consume shellfish (ITSI Gilbane & SAIC, 2013). The exposure duration was revised based on the USEPA (2014, 2016) 
total default residential exposure duration of 26 years, less the UESPA (2016) default exposure duration for children of 6 years.

Adult and 
Child

Adult and 
Child

A residential exposure duration was used to evaluate recreational users (ITSI Gilbane & SAIC, 2013). The exposure duration was revised based on the USEPA (2014, 2016) 
recommended default exposure duration for residential exposure (20 years for an adult plus 6 years for a child).

Recreational 
User
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Table 3
Slope Factors and Isotope-Specific Information
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California

ROC
Half-lifea

(years)
λa

(1/years)

Food Ingestion
Slope Factor 

(SFfood)a

(risk/pCi)

Soil Ingestion
Slope Factor 

(SFs)a

(risk/pCi)

External
Slope Factor 

(SFext-sv)a

(risk/pCi)

Kd

Distribution 
Coefficientb,c

(L/kg)

Mollusk 
Bioconcentration 
Factor (MCF)b,c

(pCi/kg per pCi/L)

Intertidal Gamma 
Shielding Factor 

(GSFint-ext-sv)b,c 

(unitless)

Subtidal Gamma 
Shielding Factor 
(GSFsub-ext-sv)b,c 

(unitless)
Cs-137 3.02E+01 2.30E-02 3.74E-11 4.26E-11 2.53E-06 4,000 60 1.00E+00 4.59E-04
Co-60 5.27E+00 1.31E-01 2.23E-11 3.81E-11 1.24E-05 300,000 20,000 1.00E+00 2.99E-03
Pu-239 2.41E+04 2.87E-05 1.74E-10 2.28E-10 2.09E-10 100,000 3,000 1.00E+00 5.84E-05
Ra-226 1.60E+03 4.33E-04 5.14E-10 6.77E-10 8.37E-06 2,000 100 1.00E+00 3.29E-03
Sr-90 2.88E+01 2.41E-02 9.51E-11 1.35E-10 1.95E-08 8 10 1.00E+00 8.05E-32
U-235 7.04E+08 9.84E-10 9.77E-11 1.54E-10 5.76E-07 1,000 30 1.00E+00 3.31E-05
Notes:

ROC radionuclide of concern pCi/L picocurie per liter
L/kg liter per kilogram risk/pCi risk per picocurie
pCi/kg picocurie per kilogram ROC radionuclide of concern

a. United States Environmental Protection Agency. Preliminary Remediation Goals for Radionuclides (PRG). October 26, 2016. https://epa-prgs.ornl.gov/radionuclides/download.html
b. Battelle and Sea Engineering, Inc. 2013. Final Technical Memorandum for Radiological Data Gap Investigation Phase 2a at Parcel F, Hunters Point Naval Shipyard, San Francisco, 
California. April.
c. ITSI Gilbane & SAIC. 2013. Final Technical Memorandum for Radiological Data Gap Investigation Phase 2b at Parcel F, Hunters Point Naval Shipyard, San Francisco, California. 
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Table 4
RBCs for Shellfish Consumption – Intertidal and Subtidal Scenarios
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California

ROC

Food Ingestion
Slope Factor 

(SFfood)a

(risk/pCi)

Kd

Distribution  
Coefficienta

(L/kg)

Mollusk 
Bioconcentration 

Factor (MCF)a

(pCi/kg per pCi/L)
Half-lifea

(years)
λa

(1/years) 1 - e-λtrec-a
RBCrec-sed-sfish

b

(pCi/g)
Cs-137 3.74E-11 4,000 60 3.02E+01 2.30E-02 3.69E-01 1.43E+03
Co-60 2.23E-11 300,000 20,000 5.27E+00 1.31E-01 9.27E-01 1.22E+03
Pu-239 1.74E-10 100,000 3,000 2.41E+04 2.87E-05 5.74E-04 1.23E+02
Ra-226 5.14E-10 2,000 100 1.60E+03 4.33E-04 8.62E-03 2.51E+01
Sr-90 9.51E-11 8 10 2.88E+01 2.41E-02 3.82E-01 6.82E+00
U-235 9.77E-11 1,000 30 7.04E+08 9.84E-10 1.97E-08 2.19E+02
Notes:

L/kg liter per kilogram RBC risk-based concentration
pCi/g picocurie per gram risk/pCi risk per picocurie
pCi/kg picocurie per kilogram ROC radionuclide of concern
pCi/L picocurie per liter

b. See Exhibit 1 for RBC equations. Exposure assumptions are provided in Table 2.
a. See Table 3 for sources of slope factors and isotope-specific values.
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Table 5
RBCs for Incidental Soil Ingestion – Intertidal and Subtidal Scenarios
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San F  combined

ROC

Soil Ingestion
Slope Factor (SFs)a

(risk/pCi)
Half-lifea

(years)
λa

(1/years) 1 - e-λtrec
RBCrec-sed-ing

b

(pCi/g)
Cs-137 4.26E-11 3.02E+01 2.30E-02 4.50E-01 3.75E+02
Co-60 3.81E-11 5.27E+00 1.31E-01 9.67E-01 1.11E+03
Pu-239 2.28E-10 2.41E+04 2.87E-05 7.46E-04 5.27E+01
Ra-226 6.77E-10 1.60E+03 4.33E-04 1.12E-02 1.79E+01
Sr-90 1.35E-10 2.88E+01 2.41E-02 4.66E-01 1.20E+02
U-235 1.54E-10 7.04E+08 9.84E-10 2.56E-08 7.80E+01
Notes:

pCi/g picocurie per gram
RBC risk-based concentration
risk/pCi risk per picocurie
ROC radionuclide of concern

a. Sources for slope factors and isotope-specific information are provided in Table 3.
b. See Exhibit 1 for RBC equations. Exposure assumptions are provided in Table 2.
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Table 6
RBCs for External Exposure – Intertidal Scenario
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California

ROC

External
Slope Factor

(SFext-sv)a

(risk/pCi)
Half-lifea

(years)
λa

(1/years) 1 - e-λtrec

Intertidal Gamma 
Shielding Factor 

(GSFint-ext-sv)a 

(unitless)
RBCrec-sed-ext-int

b

(pCi/g)
Cs-137 2.53E-06 3.02E+01 2.30E-02 4.50E-01 1.00E+00 8.51E-01
Co-60 1.24E-05 5.27E+00 1.31E-01 9.67E-01 1.00E+00 4.60E-01
Pu-239 2.09E-10 2.41E+04 2.87E-05 7.46E-04 1.00E+00 7.75E+03
Ra-226 8.37E-06 1.60E+03 4.33E-04 1.12E-02 1.00E+00 1.95E-01
Sr-90 1.95E-08 2.88E+01 2.41E-02 4.66E-01 1.00E+00 1.12E+02
U-235 5.76E-07 7.04E+08 9.84E-10 2.56E-08 1.00E+00 2.81E+00
Notes:

pCi/g picocurie per gram
RBC risk-based concentration
risk/pCi risk per picocurie
ROC radionuclide of concern

a. Sources for slope factors and isotope-specific information are provided in Table 3.
b. See Exhibit 1 for RBC equations. Exposure assumptions are provided in Table 2.
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Table 7
RBCs for External Exposure – Subtidal Scenario
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California

ROC

External
Slope Factor

(SFext-sv)a

(risk/pCi)
Half-lifea

(years)
λa

(1/years) 1 - e-λtrec

Subtidal Gamma 
Shielding Factor 

(GSFsub-ext-sv)a 

(unitless)
RBCrec-sed-ext-sub

b

(pCi/g)
Cs-137 2.53E-06 3.02E+01 2.30E-02 4.50E-01 4.59E-04 1.85E+03
Co-60 1.24E-05 5.27E+00 1.31E-01 9.67E-01 2.99E-03 1.54E+02
Pu-239 2.09E-10 2.41E+04 2.87E-05 7.46E-04 5.84E-05 1.33E+08
Ra-226 8.37E-06 1.60E+03 4.33E-04 1.12E-02 3.29E-03 5.92E+01
Sr-90 1.95E-08 2.88E+01 2.41E-02 4.66E-01 8.05E-32 1.39E+33
U-235 5.76E-07 7.04E+08 9.84E-10 2.56E-08 3.31E-05 8.50E+04
Notes:

pCi/g picocurie per gram
RBC risk-based concentration
risk/pCi risk per picocurie
ROC radionuclide of concern

a. Sources for slope factors and isotope-specific information are provided in Table 3.
b. See Exhibit 1 for RBC equations. Exposure assumptions are provided in Table 2.
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Table 8
Updated Multi-pathway RBCs – Intertidal Scenario
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California

Half-lifea

(years)
λa

(1/years)

Food 
Ingestion

Slope Factor 
(SFfood)a

(risk/pCi)

Soil Ingestion
Slope Factor 

(SFs)a

(risk/pCi)

External
Slope Factor 

(SFext-sv)a

(risk/pCi)
RBCrec-sed-sfish

b

(pCi/g)
RBCrec-sed-ing

b

(pCi/g)
RBCrec-sed-ext-int

b

(pCi/g)
RBCrec-sed-int-tot

b,c

(pCi/g)
Cs-137 3.02E+01 2.30E-02 3.74E-11 4.26E-11 2.53E-06 1.43E+03 3.75E+02 8.51E-01 8.48E-01
Co-60 5.27E+00 1.31E-01 2.23E-11 3.81E-11 1.24E-05 1.22E+03 1.11E+03 4.60E-01 4.60E-01
Pu-239 2.41E+04 2.87E-05 1.74E-10 2.28E-10 2.09E-10 1.23E+02 5.27E+01 7.75E+03 3.68E+01
Ra-226 1.60E+03 4.33E-04 5.14E-10 6.77E-10 8.37E-06 2.51E+01 1.79E+01 1.95E-01 1.91E-01
Sr-90 2.88E+01 2.41E-02 9.51E-11 1.35E-10 1.95E-08 6.82E+00 1.20E+02 1.12E+02 6.10E+00
U-235 7.04E+08 9.84E-10 9.77E-11 1.54E-10 5.76E-07 2.19E+02 7.80E+01 2.81E+00 2.68E+00
Notes:

pCi/g picocurie per gram
RBC risk-based concentration
risk/pCi risk per picocurie
ROC radionuclide of concern

c. The RBCs in this column are the multi-pathway, intertidal scenario RBCs for shellfish consumption, sediment ingestion, and external exposure.

Slope Factors and Isotope-Specific Information Carcinogenic Target Risk (TR) = 1x10-6

ROC

a. Sources for slope factors and isotope-specific information are provided in Table 3.
b. See Exhibit 1 for RBC equations. Exposure assumptions are provided in Table 2.
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Table 9
Updated Multi-pathway RBCs – Subtidal Scenario
Addendum to the Feasibility Study Report for Parcel F, Hunters Point Naval Shipyard, San Francisco, California

Half-lifea

(years)
λa

(1/years)

Food Ingestion
Slope Factor 

(SFfood)a

(risk/pCi)

Soil Ingestion
Slope Factor 

(SFs)a

(risk/pCi)

External
Slope Factor 

(SFext-sv)a

(risk/pCi)
RBCrec-sed-sfish

b

(pCi/g)
RBCrec-sed-ing

b

(pCi/g)
RBCrec-sed-ext-sub

b

(pCi/g)
RBCrec-sed-sub-tot

b,c

(pCi/g)
Cs-137 3.02E+01 2.30E-02 3.74E-11 4.26E-11 2.53E-06 1.43E+03 3.75E+02 1.85E+03 2.56E+02
Co-60 5.27E+00 1.31E-01 2.23E-11 3.81E-11 1.24E-05 1.22E+03 1.11E+03 1.54E+02 1.22E+02
Pu-239 2.41E+04 2.87E-05 1.74E-10 2.28E-10 2.09E-10 1.23E+02 5.27E+01 1.33E+08 3.69E+01
Ra-226 1.60E+03 4.33E-04 5.14E-10 6.77E-10 8.37E-06 2.51E+01 1.79E+01 5.92E+01 8.87E+00
Sr-90 2.88E+01 2.41E-02 9.51E-11 1.35E-10 1.95E-08 6.82E+00 1.20E+02 1.39E+33 6.45E+00
U-235 7.04E+08 9.84E-10 9.77E-11 1.54E-10 5.76E-07 2.19E+02 7.80E+01 8.50E+04 5.75E+01
Notes:

pCi/g picocurie per gram
RBC risk-based concentration
risk/pCi risk per picocurie
ROC radionuclide of concern

c. The RBCs in this column are the multi-pathway, subtidal scenario RBCs for shellfish consumption, sediment ingestion, and external exposure.

Slope Factors and Isotope-Specific Information Carcinogenic Target Risk (TR) = 1x10-6

ROC

a. Sources for slope factors and isotope-specific information are provided in Table 3.
b. See Exhibit 1 for RBC equations. Exposure assumptions are provided in Table 2.



EXHIBIT 1.  RBC EQUATIONS 

 

Equation 1.  RBC for Shellfish Consumption – Intertidal and Subtidal Scenarioa 

 

𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟−𝑠𝑠𝑟𝑟𝑠𝑠−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ  (𝑝𝑝𝑅𝑅𝑝𝑝/𝑔𝑔) =   
𝑇𝑇𝑅𝑅 (1 × 10−6) × 𝐾𝐾𝑠𝑠 �

𝐿𝐿
𝑘𝑘𝑔𝑔� ×  𝜆𝜆 � 1

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦�

𝑆𝑆𝑆𝑆𝑠𝑠𝑓𝑓𝑓𝑓𝑠𝑠 �
𝑦𝑦𝑝𝑝𝑦𝑦𝑘𝑘
𝑝𝑝𝑅𝑅𝑝𝑝 �×  𝐸𝐸𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟−𝑎𝑎−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ �

𝑑𝑑𝑦𝑦𝑦𝑦𝑦𝑦
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦� × 𝐼𝐼𝑅𝑅𝑆𝑆𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟−𝑎𝑎 �

𝑔𝑔𝑦𝑦𝑦𝑦𝑔𝑔𝑦𝑦
𝑑𝑑𝑦𝑦𝑦𝑦 �

× 𝑆𝑆𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ × 𝑀𝑀𝑅𝑅𝑆𝑆 �𝑝𝑝𝑅𝑅𝑝𝑝/𝑘𝑘𝑔𝑔𝑝𝑝𝑅𝑅𝑝𝑝/𝐿𝐿 �  × (1 −  𝑦𝑦−𝜆𝜆𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟−𝑎𝑎)

 

 

 

Equation 2.  RBC for Incidental Soil Ingestion – Intertidal and Subtidal Scenariob 

𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟−𝑠𝑠𝑟𝑟𝑠𝑠−𝑠𝑠𝑖𝑖𝑖𝑖 (𝑝𝑝𝑅𝑅𝑝𝑝/𝑔𝑔) =  
𝑇𝑇𝑅𝑅 (1 × 10−6)  ×  𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟(𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦)  ×  𝜆𝜆 � 1

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦�

(1 − 𝑦𝑦−𝜆𝜆𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟)  × 𝑆𝑆𝑆𝑆𝑠𝑠 �
𝑦𝑦𝑝𝑝𝑦𝑦𝑘𝑘
𝑝𝑝𝑅𝑅𝑝𝑝 �  × 𝐼𝐼𝑆𝑆𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟−𝑎𝑎𝑠𝑠𝑎𝑎(𝑔𝑔𝑔𝑔) ×  � 𝑔𝑔

1000 𝑔𝑔𝑔𝑔�
 

where: 

𝐼𝐼𝑆𝑆𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟−𝑎𝑎𝑠𝑠𝑎𝑎(𝑔𝑔𝑔𝑔) =  

⎝

⎜⎜
⎛
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200 𝑔𝑔𝑔𝑔
𝑑𝑑𝑦𝑦𝑦𝑦

�� +

�𝐸𝐸𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟−𝑎𝑎 �
𝑑𝑑𝑦𝑦𝑦𝑦𝑦𝑦
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

�  × 𝐸𝐸𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟−𝑎𝑎(𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦) ×  𝐼𝐼𝑅𝑅𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟−𝑎𝑎 �
100 𝑔𝑔𝑔𝑔
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⎞

 

 

 

Equation 3.  RBC for External Exposure – Intertidal Scenariob 

𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟−𝑠𝑠𝑟𝑟𝑠𝑠−𝑟𝑟𝑒𝑒𝑡𝑡−𝑠𝑠𝑖𝑖𝑡𝑡 (𝑝𝑝𝑅𝑅𝑝𝑝/𝑔𝑔)

=  
𝑇𝑇𝑅𝑅 (1 × 10−6)  ×  𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟(𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦) ×  𝜆𝜆 1

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

(1 − 𝑦𝑦𝜆𝜆𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟)  ×  𝑆𝑆𝑆𝑆𝑟𝑟𝑒𝑒𝑡𝑡−𝑠𝑠𝑠𝑠  �
𝑦𝑦𝑝𝑝𝑦𝑦𝑘𝑘/𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦
𝑝𝑝𝑅𝑅𝑝𝑝/𝑔𝑔 �  ×  𝐸𝐸𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟 �

𝑑𝑑𝑦𝑦𝑦𝑦𝑦𝑦
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 � × � 1 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

365 𝑑𝑑𝑦𝑦𝑦𝑦𝑦𝑦�  ×

𝐸𝐸𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟(𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦) ×  𝐴𝐴𝑅𝑅𝑆𝑆𝑟𝑟𝑒𝑒𝑡𝑡−𝑠𝑠𝑠𝑠(1.0 [𝑢𝑢𝑢𝑢𝑝𝑝𝑡𝑡𝑢𝑢𝑦𝑦𝑦𝑦𝑦𝑦]) ×  𝐸𝐸𝑇𝑇𝑟𝑟𝑟𝑟𝑟𝑟
ℎ𝑜𝑜𝑢𝑢𝑦𝑦𝑦𝑦
𝑑𝑑𝑦𝑦𝑦𝑦  × 1 𝑑𝑑𝑦𝑦𝑦𝑦

24 ℎ𝑜𝑜𝑢𝑢𝑦𝑦𝑦𝑦  ×  𝐺𝐺𝑆𝑆𝑆𝑆𝑠𝑠𝑖𝑖𝑡𝑡−𝑟𝑟𝑒𝑒𝑡𝑡−𝑠𝑠𝑠𝑠(1.0 [𝑢𝑢𝑢𝑢𝑝𝑝𝑡𝑡𝑢𝑢𝑦𝑦𝑦𝑦𝑦𝑦])

 

 

 

Equation 4.  PAL for External Exposure – Subtidal Scenariob 

𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟−𝑠𝑠𝑟𝑟𝑠𝑠−𝑟𝑟𝑒𝑒𝑡𝑡−𝑠𝑠𝑠𝑠𝑠𝑠(𝑝𝑝𝑅𝑅𝑝𝑝/𝑔𝑔)

=  
𝑇𝑇𝑅𝑅 (1 × 10−6)  ×  𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟(𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦) ×  𝜆𝜆 1

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

(1 − 𝑦𝑦𝜆𝜆𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟)  ×  𝑆𝑆𝑆𝑆𝑟𝑟𝑒𝑒𝑡𝑡−𝑠𝑠𝑠𝑠  �
𝑦𝑦𝑝𝑝𝑦𝑦𝑘𝑘/𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦
𝑝𝑝𝑅𝑅𝑝𝑝/𝑔𝑔 �  ×  𝐸𝐸𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟 �

𝑑𝑑𝑦𝑦𝑦𝑦𝑦𝑦
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 � × � 1 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

365 𝑑𝑑𝑦𝑦𝑦𝑦𝑦𝑦�  ×

𝐸𝐸𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟(𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦) ×  𝐴𝐴𝑅𝑅𝑆𝑆𝑟𝑟𝑒𝑒𝑡𝑡−𝑠𝑠𝑠𝑠(1.0 [𝑢𝑢𝑢𝑢𝑝𝑝𝑡𝑡𝑢𝑢𝑦𝑦𝑦𝑦𝑦𝑦]) ×  𝐸𝐸𝑇𝑇𝑟𝑟𝑟𝑟𝑟𝑟
ℎ𝑜𝑜𝑢𝑢𝑦𝑦𝑦𝑦
𝑑𝑑𝑦𝑦𝑦𝑦  ×  1 𝑑𝑑𝑦𝑦𝑦𝑦

24 ℎ𝑜𝑜𝑢𝑢𝑦𝑦𝑦𝑦  × 𝐺𝐺𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠−𝑟𝑟𝑒𝑒𝑡𝑡−𝑠𝑠𝑠𝑠(𝑢𝑢𝑢𝑢𝑝𝑝𝑡𝑡𝑢𝑢𝑦𝑦𝑦𝑦𝑦𝑦)
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Equation 5.  Multi-pathway RBC – Intertidal Scenarioc 

𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟−𝑠𝑠𝑟𝑟𝑠𝑠−𝑠𝑠𝑖𝑖𝑡𝑡−𝑡𝑡𝑓𝑓𝑡𝑡 (𝑝𝑝𝑅𝑅𝑝𝑝/𝑔𝑔) =  
1

1
𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟−𝑠𝑠𝑟𝑟𝑠𝑠−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ

+  1
𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟−𝑠𝑠𝑟𝑟𝑠𝑠−𝑠𝑠𝑖𝑖𝑖𝑖

+  1
𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟−𝑠𝑠𝑟𝑟𝑠𝑠−𝑟𝑟𝑒𝑒𝑡𝑡−𝑠𝑠𝑖𝑖𝑡𝑡

  

 

 

Equation 6.  Multi-pathway RBC – Subtidal Scenarioc 

𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟−𝑠𝑠𝑟𝑟𝑠𝑠−𝑠𝑠𝑠𝑠𝑠𝑠−𝑡𝑡𝑓𝑓𝑡𝑡 (𝑝𝑝𝑅𝑅𝑝𝑝/𝑔𝑔) =  
1

1
𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟−𝑠𝑠𝑟𝑟𝑠𝑠−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ

+  1
𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟−𝑠𝑠𝑟𝑟𝑠𝑠−𝑠𝑠𝑖𝑖𝑖𝑖

+ 1
𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟−𝑠𝑠𝑟𝑟𝑠𝑠−𝑟𝑟𝑒𝑒𝑡𝑡−𝑠𝑠𝑠𝑠𝑠𝑠

  

 

Notes: 
a Equation 1 taken from Battelle and Sea Engineering (2013) and ITSI & Gilbane (2013).  
b Equations 2 through 4 taken from USEPA (2016).  
c Equations 5 and 6 adapted from USEPA (2016). 
See Table 2 for exposure assumptions. 
See Table 3 for slope factors and isotope-specific information. 
g = gram 
L/kg = liter per kilogram 
mg = milligram 
pCi/g = picocurie per gram 
RBC = risk-based concentration 
risk/pCi = risk per picocurie 
TR = target cancer risk 
 
References: 
Battelle and Sea Engineering, Inc. 2013. Final Technical Memorandum for Radiological Data Gap Investigation Phase 2a at Parcel F, Hunters 
Point Naval Shipyard, San Francisco, California. April. 
ITSI Gilbane & SAIC. 2013. Final Technical Memorandum for Radiological Data Gap Investigation Phase 2b at Parcel F, Hunters Point Naval 
Shipyard, San Francisco, California. September. 
United States Environmental Protection Agency (USEPA). 2016. Preliminary Remediation Goals (PRG) Calculator for Radionuclides. 
Accessed October 6. https://epa-prgs.ornl.gov/radionuclides/equations.html 
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