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EXECUTIVE SUMMARY 
 

This Remedial Action Plan (RAP) has been prepared for Investigation Areas (IA) I 

(Partial), IA J, and the western Submerged Lands at the former naval shipyard at Mare 

Island in Vallejo, California (Mare Island) pursuant to California Health and Safety Code 

(HSC), Section 25356.1(d).  This RAP presents a summary of the Final Remedial 

Investigation (RI) for IAs I (Partial) and J and the western Submerged Lands (WESTON, 

2002a), the Ordnance and Explosives (OE) Confirmation Study and Removal Action 

(WESTON, 2002b), and the Final Feasibility Study (FS) for IAs I (Partial) and J and the 

western Submerged Lands (WESTON, 2002c), which will collectively be referred to as 

the Western Early Transfer Parcel (WETP).  The RAP also includes the California 

Environmental Quality Act (CEQA) Final Negative Declaration (Appendix E). IA I 

(excluding IR05, the Marine Corps Firing Range, the Western Magazine Area, the 

detonation range adjacent to Dredge Pond 7, that portion of IA I east of the Joy Survey 

Line, and portions of Dredge Ponds 4S, 4M, 1 and 4N) are included in the WETP and 

discussed in this RAP. IA J is comprised of tidal marsh along the western shore of Mare 

Island, adjacent to and west of the Dredge Ponds.  The western Submerged Lands are 

located west of IA J. 

 
The purpose of this RAP is to document the selection of a preferred remedial alternative 

for the WETP in a clear and concise manner that reflects the remedial action decision 

reached through the following actions: 

 

• Detailing the historical information including preliminary assessments and site 
inspections used to develop a conceptual site model; 

 
• Summarizing the findings of the remedial investigation and risk assessments; 

 
• Identifying the preferred alternative for a remedial action and explaining the 

reasons for the preference; 
 
• Describing the other remedial alternatives considered; and 
 
• Soliciting public review and comments on all the alternatives described. 
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Based on historical information, the remedial investigation (RI) focused on those 

historical areas within the WETP that likely posed a potential risk to human health and 

the environment.  Those areas included the WETP Dredge Ponds, the weirs within IA J, 

and the Sanitary Sewage Treatment Plant (SSTP) outfall located in the western 

Submerged Lands.  The WETP Dredge Ponds were extensively investigated for OE, 

discrete radiological items, and chemical contaminants. Both the IA J weirs and the SSTP 

outfall were also investigated from chemical constituents. The RI and risk assessments 

concluded that the following hazards posed an unacceptable risk to humans or 

environment within the WETP and required the development of remedial alternatives. 

 
Dredge Ponds 
 

• The risk to ecological receptors from chemicals of ecological concern (COECs) 
present within the dredge pond material was shown to be limited. 

 
• The qualitative risk assessment for OE risk stated that based on the type, 

condition, and location of OE items previously recovered from the Dredge Ponds, 
it can be concluded that although OE material may still exist in the Dredge Ponds, 
the probability of coming into contact with OE items is very low.  The risk of 
injury due to contact with OE items is even lower.  In addition, the intrusive 
investigation/removal action likely removed a vast majority of the OE items. 

 
• The qualitative risk assessment for the discrete radiological items concluded that 

there is a very remote possibility that radiological items are still present in the 
Dredge Ponds, but the likelihood of exposure to radiological items is even more 
remote. 

 
Investigation Area J 
 

• The ecological risk assessment showed limited risk to ecological receptors from 
COECs around the Dredge Pond Weirs. 

 
Western Submerged Lands 
 

• The ecological risk assessment concluded that the risk to ecological receptors 
from COECs around the SSTP outfall was also shown to be limited and not 
immediate. However, long-term risks are determined to be significant. 

 
Based on the very low human health risk posed by the OE and discrete radiological items 

and the limited risk posed by chemical constituents, remedial alternatives were developed 
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and evaluated in an FS.  The following remedial alternatives were developed within the 

FS. 

 
Dredge Ponds 
 
Alternative DP-1: No action 
Alternative DP-2a: Institutional Controls, Walkway, and Cover on Eastern Levee 
Alternative DP-2b: Institutional Controls, Walkway, Fence, and Cover on Eastern Levee 
Alternative DP-3a: Institutional Controls, 2-Foot Soil Cover on All Berms 
Alternative DP-3b: Institutional Controls and 2-foot Soil Cover in All Areas 
Alternative DP-4: Institutional Controls and Anomaly Removal 
 
Investigation Area J 
 
Alternative IAJ-1: No Action 
Alternative IAJ-2: Institutional Controls and Monitoring 
Alternative IAJ-3: Excavation/Off-Site Disposal of Sediment 
 
Western Submerged Lands (Outfall) 
 
Alternative SL-1: No Action 
Alternative SL-2: Institutional Controls and Monitoring 
Alternative SL-3: Excavation/Off-Site Disposal of Sediment 
 
Based on the detailed evaluation and comparative analysis, and public and agency 

comments received on the draft Remedial Action Plan, the following alternatives were 

selected as the preferred remedies. 

 
A modified Alternative DP-2a is the preferred remedy for the WETP Dredge Ponds with 

a total present worth cost of $1,150,000 and includes access controls (walkway, 2-foot 

soil cover on eastern levee of Dredge Ponds 4N, 4M and 4S (partial), and signage) and 

land use restrictions. Also, annual monitoring of sediment will be required to confirm that 

no change in risk occurs due to evaporative processes.  Alternative DP-2a satisfies the 

threshold criteria while balancing long- and short-term effectiveness at a reasonable cost.  

Alternative DP-2a also includes a walkway to further reduce the low probability of 

exposure to potential residual OE and the physical hazards associated with the berms by 

the recreational user. 
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Alternative IAJ-1 is the preferred remedy for IA-J. Further, annual monitoring of 

sediments will be required to confirm that no change in risk occurs due to evaporative 

processes. 

 

Alternative SL-3 is the preferred remedy for the western Submerged Lands with a total 

present worth cost of $295,000 and includes excavation of the sediments adjacent to the 

SSTP outfall.  Alternative SL-3 satisfies the threshold criteria and provides greater long-

term effectiveness. 

 

The selected remedies are protective of human health and the environment. 
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SECTION 1 

INTRODUCTION 

 

This Remedial Action Plan (RAP) has been prepared for Investigation Areas (IA) I (Partial), IA 

J, and the western Submerged Lands at the former naval shipyard at Mare Island in Vallejo, 

California (Mare Island) (See Figure 1-1) pursuant to California Health and Safety Code (HSC), 

Section 25356.1(d).  This RAP presents a summary of the Final Remedial Investigation (RI) for 

IAs I (Partial) and J and the western Submerged Lands (WESTON, 2002a), the Ordnance and 

Explosives (OE) Confirmation Study and Removal Action (WESTON, 2002b), and the Final 

Feasibility Study (FS) for IAs I (Partial) and J, and the western Submerged Lands (WESTON, 

2002c), which will collectively be referred to as the Western Early Transfer Parcel (WETP).  The 

RAP also contains the California Environmental Quality Act (CEQA) Final Negative 

Declaration (Appendix E).  The boundary of the WETP is shown in Figure 1-2.  IA I (excluding 

IR05, the Marine Corps Firing Range, the Western Magazine Area, the detonation range adjacent 

to Dredge Pond 7, that portion of IA I east of the joy survey line, and portions of Dredge Ponds 

4S, 4M, 1, and 4N) is included in the WETP and discussed in this RAP.  IA J is comprised of 

tidal marsh along the western shore of Mare Island, adjacent to and west of the Dredge Ponds.  

The western Submerged Lands are located west of IA J. 

 

1.1 PURPOSE AND ORGANIZATION OF REPORT 

 

The purpose of this RAP is to document the selection of a preferred remedial alternative for the 

WETP.  The RAP summarizes the remedial investigation and feasibility study process conducted 

for those areas of the WETP posing a risk to human health and the environment.  This RAP 

focuses on remediation alternatives developed in the FS that address the human health and 

ecological risks present within the WETP Dredge Ponds, IA J, and the area of the western 

Submerged Lands associated with the historic Sanitary Sewage Treatment Plant (SSTP) outfall.  

This RAP clearly and concisely reflects the remedial action decision reached through the 

following actions: 

 

• Detailing the historical information including preliminary assessments and site 
inspections used to develop a conceptual site model; 
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• Summarizing the findings of the remedial investigation and risk assessments; 
 
• Identifying the preferred alternative for a remedial action and explaining the reasons for 

the preference; 
 
• Describing the other remedial alternatives considered; and 
 
• Soliciting public review and comments on all the alternatives described. 
 

The remainder of Section 1 describes the dredge pond terminology used within the RAP.  

Section 2 provides a summary of the site background including site description, site history, and 

conceptual site model used during the scoping of the RI (WESTON, 2002a).  Section 3 

summarizes the key findings and recommendations of the RI (WESTON, 2002a) including the 

intrusive investigations/removal actions associated with OE and radiological material within the 

Dredge Pond outfalls.  Section 4 provides a summary of the human health and ecological risks 

associated with chemicals of concern (COC), OE, and radiological material present at the site.  

Section 5 describes the remedial alternatives and the rational for selection of the preferred 

alternative and identifies the preferred alternative chosen. 

 

These Dredge Ponds have been characterized as “active” or “inactive” and  “managed” or 

“unmanaged.”  None of these terms are meant to imply future land use but were simply used to 

describe the status and management of the dredge ponds.  These terms, utilized during various 

investigation reports, were retained within this RAP for consistency with previous reports.  The 

terms “active” and “inactive” were used to describe the status of the Dredge Ponds at the time 

the base was closed in 1996 while the terms “managed” and “unmanaged” were used to describe 

the management of the Dredge Ponds following base closure.  These terms are defined below:   

 

• The term “active” was used to define those ponds that still had the capacity to accept 
dredge material at the time of base closure.  Active dredge ponds within the WETP at the 
time of base closure included Dredge Ponds 1, 2N, 2M, 2S, 3E, 3W, 4M, 4N, 4S, and 7. 

 
• The term “inactive” was used to describe those ponds that no longer accepted dredge 

material at the time of base closure.  The inactive dredge ponds within the WETP at the 
time of base closure included Dredge Pond 5NW and the historic pond north of Dredge 
Pond 3W. 
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• The term “managed” indicates that these ponds are currently managed via a 
Memorandum of Understanding between the U.S. Navy and U.S. Fish and Wildlife 
Service (USFWS, 1988).  The managed ponds include Dredge Ponds 2N, 2M, 2S, 4N, 
4M, 4S, and 7.  These ponds have been managed through disking and tilling to offset the 
encroachment of vegetation and wildlife. 

 
• The term “unmanaged” indicates that these ponds were not disked or tilled and reverted 

to nontidal wetland areas.  The unmanaged ponds include Dredge Ponds 1, 3E, 3W, and 
5NW and the historic dredge pond north of Dredge Pond 3W. 



I:\WO\W12500\31469S-2 2-1

SECTION 2 

SITE HISTORY 

 

This section provides a general description of the site and a summary of the site history, 

including historical activities, preliminary assessments, site inspections, and existing site 

information used to identify key areas of concern that required a remedial investigation to further 

define site contamination and associated risk within the WETP.  

 

2.1 SITE DESCRIPTION 

 

The Mare Island peninsula is located in Solano County, California, about 25 miles northeast of 

San Francisco (see Figure 1-1).  The Napa River (Mare Island Strait) lies to the east and 

separates the peninsula from the City of Vallejo; the remainder of the peninsula is surrounded by 

the Carquinez Strait to the south, San Pablo Bay to the west, and Highway 37 to the north.  The 

main entrance to Mare Island is a causeway, which spans Mare Island Strait, connecting the 

island to Vallejo at Tennessee Street.  A second access point is located at the northern end of the 

island where Railroad and Walnut Avenues connect to Highway 37.  Mare Island is within the 

incorporated boundaries of the City of Vallejo.  The WETP spans nearly the entire length of 

Mare Island on the western side (see Figure 1-2). 

 

Mare Island was the home of Mare Island Naval Shipyard (MINS) from 1854 until Congress 

closed it in 1996 after 142 years of service.  The Shipyard’s primary mission was to build, 

maintain, and repair Navy ships and submarines.  The Navy also used an ordnance facility 

located at the southern end of Mare Island for munitions storage and production operations from 

1857 until its closure in 1972.  Ordnance was manufactured, received, maintained, renovated, 

demilitarized, subjected to quality assurance testing, and loaded on and off ships and other forms 

of transportation at Mare Island.  These activities, however, did not occur within the WETP. 

 

The WETP Dredge Ponds occupy an area of approximately 480 acres, and IA J occupies an area 

of approximately 800 acres along the western side of Mare Island.  The portion of the western 

Submerged Lands in the WETP occupies an area of 1,540 acres and is located west of IA J.  The 
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topography is generally flat with elevations of about 4 to 22 feet above mean sea level (msl).  

The highest ground surface elevations are found on the levees between the Dredge Ponds. 

 

Primarily, a network of levees controls surface water drainage within the Dredge Ponds.  Most 

rainwater accumulates directly within the Dredge Ponds and nontidal wetland area and drains out 

of the Dredge Ponds over the weirs, evaporates, or seeps into the subsurface.  Within IA J and 

the western Submerged Lands, most of the area is inundated with seawater during high tide.  

During low tide, surface water drains primarily to tidal channels, which in turn drain to the San 

Pablo Bay. 

 

2.2 SITE HISTORY 

 

The site history described in the following subsections describes those areas included in the 

WETP (Dredge Ponds, IA J, and the western Submerged Lands) as well as areas adjacent to the 

WETP to the extent that these areas could have impacted the WETP. 

 
2.2.1 General WETP History 

 

Starting in the late nineteenth century, frequent dredging of the waterfront adjacent to Mare 

Island’s eastern boundary was required to maintain shipping lanes.  At that time, the Sacramento 

River carried large quantities of mineral-rich silt eroded by large-scale hydraulic mining 

activities in the Sierra Nevada.  A portion of this material traveled downstream and was 

deposited through the Carquinez Strait (the outlet of the Sacramento River) into San Pablo Bay.  

In the absence of major streams or sloughs on the western side of Mare Island, sediment settled 

out of the water and tended to accumulate along the western shoreline.   

 

In 1907, Dike 12 was constructed at the southern end of the island to reduce the amount of 

sediment in San Pablo Bay that could be flushed back into Mare Island Strait with the tide.  As a 

result, sediment accretion along the western shoreline of Mare Island increased, and the island 

mudflat areas expanded. 
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The Navy constructed levees in the mudflat areas along the western shoreline (this is the area 

that now comprises IA I) to hold dredge materials pumped from Mare Island Strait.  This area is 

composed of large areas of land reclaimed by filling ponds on the northern, western, and 

southern sides of the Shipyard with materials from frequent dredging in the ship channel and pier 

areas.  As the ponds reached capacity, new levees were constructed further west to form new 

Dredge Ponds.  The Dredge Ponds were then used for expansion and development of the 

Shipyard and supporting facilities.  

 

2.2.2 WETP Dredge Ponds History 

 

The dredge pond system located along the west side of Mare Island was created in several stages 

between 1914 and 1965 to support the maintenance dredging of Mare Island Strait waterways 

and ship berthing facilities at the Shipyard.  During the 13-year period between 1980 and 1993 

alone, records indicate that over 20,000,000 cubic yards of material were dredged.  The dredge 

ponds were constructed on San Pablo Bay wetlands using sediments dredged from Mare Island 

Strait waterways and transported across the island as slurry through a piping system to the pond 

outfall points. 

 

The Dredge Ponds were established to receive dredge material pumped across Mare Island 

during maintenance dredging of the channel and Shipyard facilities along Mare Island Strait.  

Periodic maintenance operations to restore pond capacity allowed continued use of the ponds as 

they became filled by removing dried sediments from the pond bottom and using them to raise 

the height of the pond perimeter berms. 

 

The 10 Dredge Ponds, located along the western edge of Mare Island, are divided geographically 

into two groups.  The northern group of ponds extends from the northern station boundary south 

for approximately 3/4 the length of the island.  Dredge ponds 7 and 7S are located at the southern 

end of Mare Island near Carquinez Strait.  The pond numbering system is not sequential but 

instead evolved over time as new dredge pond areas were created and as ponds boundaries were 

modified to meet changing requirements.  The numbering system suffix indicates the location of 

a pond relative to the other ponds in the system (i.e., dredge pond 3E is east of dredge pond 3W).  

Pond 3E was established in the early 1930s and used until the establishment of a second pond 
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group became necessary in the 1940s.  Another large dredge pond was created between 1945 and 

1948 in the area that now comprises Dredge Ponds 3W, 4N, 4M, 4S, and a portion of the Area H 

landfill site.  Already separated by Dump Road, the pond boundaries moved north and south 

away from Dump Road as pond area was used to expand the landfill facility westward from 

Cedar Avenue to its current location.  The southern boundary of Pond 3W was finalized by 1959, 

and the northern boundary of Pond 4N was established by 1970.  The establishment of additional 

interior berms between 1980 and 1987 separated pond 3NW from 3W and divided the southern 

pond group into ponds 4S, 4M, and 4N.  A second large dredge pond area that now comprises 

ponds 1, 2N, 2M, and 2S was created between 1954 and 1959 to provide additional capacity.  

Pond 1 was created in the late 1960s when a berm was constructed to separate it from the 

remaining pond area.  Pond 2S was separated off from the remainder by 1980, and an additional 

split created ponds 2N and 2M between 1987 and 1990.  Pond 7 was created between 1949 and 

1951 and was later divided into two separate ponds. 

 

The dredge spoils ponds lie a few feet above sea level and are generally flat, disrupted only by 

dredge pond berms (levees) extending up to 10 feet above grade.  The Dredge Ponds and 

associated berms are primarily composed of the silty-clay and Younger Bay Mud bottom 

sediments found in the waters adjacent to Mare Island.  Although initially constructed directly on 

low-lying San Pablo Bay wetlands adjoining Mare Island, the ponds now cover the original area 

with an estimated 15 to 25 feet of dredge sediments. 

 

Each Dredge Pond has at least one outfall (entrance) where dredge material was released into the 

pond from the dredge lines.  Each Dredge Pond also contained at least one weir that allowed 

water to flow out of the pond.  Weirs in Dredge Ponds 3W (Weir-U), 4N (Weir-8), and 4M 

(Weir-7) drained into adjacent ponds while the weirs in Dredge Ponds 2S (Weir-4), 3E (Weir-C), 

1 (Weir-5), 2N (Weir-6), 2M (Weir-B), 4S (Weir-3), and 7 (Weir-1) all drained to tidal marsh 

areas in IA J.  Currently, all weirs are open and free to drain except Weir-B (Pond 2M), which is 

broken and stuck in the closed position.  Weir-U (Pond 3W) is also broken but is stuck in the 

open position.  Migration of contaminants via transport of particulates over the weirs and into IA 

J is discussed in subsequent sections. 
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2.2.2.1 Sources of Potential Contamination within the Dredge Ponds 

 

The Dredge Pond history suggests two sources of contamination may have resulted from the 

operation of the Dredge Ponds.  The first is the debris (OE, radiological items, scrap metal, and 

miscellaneous debris) that was dredged with the sediment from Mare Island Strait.  The second is 

the contaminants (pesticides and metals) present in the dredged sediment.  The debris, as 

described previously, would drop out at the outfall while the sediment particulates would 

distribute throughout the Dredge Ponds.  Thus, the initial dredge pond site model would indicate 

that risk associated with the OE, radiological items, and metal debris would be located around 

the outfalls while the contaminants associated with the dredge material would be widespread 

throughout the dredge ponds.  Contaminants associated with the dredge material such as metals 

and pesticides are discussed in Section 3.  OE distribution within the Dredge Ponds is described 

in more detail in the following paragraphs. 

 

The common historical practice for disposing of damaged or unwanted ordnance was to throw it 

overboard from a vessel, pier, or sea wall.  This was particularly prevalent in the period during 

and immediately after World War II, based on the material recovered during the previously 

completed Unexploded Ordnance (UXO) Intrusive Investigation (WESTON, 2001b) action.  

Ordnance material discarded in Mare Island Strait was dredged and transported in 16-inch-

diameter pipelines with the dredge slurry to pond outfall points. Heavier material, including 

ordnance, radiological items, and other discarded scrap material quickly settled out and remained 

in close proximity to the outfall points.  Periodic maintenance to restore pond capacity was 

accomplished when pond bottom sediments were removed and used to raise the height of 

perimeter berms.  Therefore, the probable location of any discarded material should be near the 

outfall locations in either the pond bottom or the adjacent berm.  There are no recorded instances 

of ordnance ever having detonated in the dredge system, pipelines, or ponds during dredge 

operations.  The settling and accumulation of heavier material at the outfalls built up in pits 

eroded by the dredge slurry as it was ejected from the piping.  Over time, this heavier material 

became solidified together by rust and sediments into large outfall masses.  The wide variety of 

ordnance material suspected to exist in the Dredge Ponds included propellants, small arms 

ammunition, primers, and high explosive loaded items such as fuzes and small- to medium-
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caliber gun ammunition.  Discrete radiological items such as radium and strontium buttons were 

also removed from the Dredge Ponds. 

 

The OE deposition within the Dredge Ponds was further investigated through the preliminary 

assessment/site investigation (PA/SI) process prior to an intrusive investigation.  The remainder 

of this section describes the PA and SI conducted within the Dredge Ponds to define the OE 

deposition model.  This led to a more comprehensive intrusive investigation and qualitative risk 

assessment as described in Sections 3 and 4 of the RAP.  Although radiological items are 

described in this section, Section 3 provides more detailed discussion of the RI conducted for the 

radiological items. 

 

2.2.2.2  OE Preliminary Assessment and Site Investigation 

 

An OE PA completed by PRC in 1995 identified the Dredge Ponds as a potential ordnance site 

because of ordnance already recovered from outfall locations and because of the past history of 

ordnance material being discarded from ships berthed along Mare Island Strait.  The report 

theorized that ordnance would be concentrated in areas around the pipeline outfalls and along the 

perimeter berms because of the manner in which the ponds were used and periodically recycled 

by raising the pond berms to restore capacity.  The PA recommended additional investigation be 

accomplished to identify the scope and magnitude of the ordnance hazard. 

 

An OE SI was accomplished by Mare Island Naval Shipyard to determine the magnitude and 

extent of UXO contamination in those areas of Mare Island suspected to contain ordnance based 

on experience and historical evidence.  Based on personal observations, historical data, and 

Dredge Pond operational practices, a model was developed to predict where ordnance material 

should be located in the Dredge Ponds.  Dense metallic debris, including ordnance, was observed 

at current outfall locations to be closely distributed within approximately 25 feet of the outfall 

point with virtually no dispersion extending into the ponds.  Maintenance of the Dredge Ponds as 

they became filled with sediments was accomplished by removing soil from the pond bottom and 

using it to raise the surrounding berms to restore pond capacity.  Therefore, some of the ordnance 

material in the pond bottoms at the outfalls may have been redeposited in a berm during pond 

maintenance, most likely near the outfall.  The pond bottoms beyond approximately 180 feet 
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from the outfalls were considered to have a very small probability of containing ordnance 

material. 

 
A total of 390 anomalies representing possible ordnance material were located during the search 

of the total dredge pond area accomplished between July 1994 and October 1995.  Sixteen of 

these were large anomalies associated with outfall locations.  The remaining 374 anomalies, 

representing individual discrete items, were located throughout the levees and pond bottoms. 

 

2.2.2.3 OE Deposition Model 

 

Based on the PA/SI and intrusive investigations described in Section 3, the primary mode of 

placement of OE (and radiological) items in the Dredge Ponds was the pumping of silts 

containing metal debris and OE through pipes.  The metal debris/OE deposited in close 

proximity to the outfalls due to the relatively higher density of the debris/OE compared to the 

water and silt. This mode of placement represents a nonrandom distribution, which is similar to 

disposal sites where OE is placed into trenches or pits. 

 

Once deposited at the outfalls, redistribution of OE can occur when heavy equipment is used to 

push dredge material from the pond bottoms up the slopes to raise the levees and provide 

additional capacity in the ponds. The redistribution of OE could occur if the operator scrapes 

debris from the outfall area and pushes this material into the levee.  This mode of redistribution 

would be identified in a geophysical survey by a relatively high density of anomalies associated 

with significant quantities of scrap metal and would likely be in close proximity to an outfall. 

 
A secondary mode of redistribution of OE can occur if individual OE items are manually picked 

up and placed at the Dredge Ponds.  The placed items would almost certainly be on the surface 

and most likely near some prominent point of reference, such as a dredge pipe, valve, or weir.  

This mode of redistribution would typically be identified in a geophysical survey by discrete 

anomalies not associated with large quantities of scrap metal. 

 

The two geophysical surveys and subsequent intrusive investigations and characterizations (by 

removal) described in Section 3 further verify this primary mode of OE placement. 

 



I:\WO\W12500\31469S-2 2-8

2.2.3 Investigation Area J 

 

Area IA J is entirely comprised of tidal marsh along the western shores of Mare Island.  A 

monotypic stand of pickleweed dominates IA J.  IA J is habitat for the salt march harvest mouse, 

shore birds, and other organisms and is classified as wetlands or open space. 

 

Potential sources of contamination with IA J would include the Dredge Pond weirs that were 

described previously.  The discharge over the weirs from the Dredge Ponds to IA J could have 

transported sediment particles with metals or pesticides adsorbed to the particles.  The weir areas 

were the subjects of additional sampling, and the analytical results and associated risk are 

discussed in Sections 3 and 4 of the RAP, respectively. 

 

Two other potential sources of concern within IA J and the Western Submerged Lands would be 

the former Gunnery Range and Marine Corps Firing Range. A historical review of information 

revealed that the two sections (334.1160 and 334.1170) of the “United States Coast Pilot, 1993” 

published by the U.S. Department of Commerce referenced  “danger zones” or safety zones 

associated with Mare Island.   

 

Section 334.1160 of the 1993 United States Coast Pilot refers to a firing range safety zone 

extending out into San Pablo Bay from the Mare Island Shore.  The apex of the safety zone is the 

Marine Corps Firing Range.  The Marine Corps Firing Range is outside of the WETP; however 

the safety zone extends into the WETP.  The Marine Corps Firing Range comprises a 600-yard 

rifle range and 14 pistol ranges.  The range was used constantly from the 1940s until recently.  

Arms were fired at steel knockdown silhouette targets in the midrange areas as well as at the 

target berms.  As a result, metals contamination is the primary concern at the Marine Corps 

Firing Range.  The safety zone represents the distance that a rifle bullet can travel should it miss 

the range impact berm.  There are navigational chart landmarks labeled as “Target” in and near 

the safety zone.  These are not firing range target structures associated with the firing range but 

optical targets for the marine vessels to identify the location of the safety zone.  The primary 

source of metals contamination would be the target berm and mid-range targets.  Since only the  

“danger zone” and no targets were located within the WETP, no investigation beyond that 

associated with the OE work described previously is required. 



I:\WO\W12500\31469S-2 2-9

Section 334.1170 of the 1993 United States Coast Pilot refers to gunnery range within San Pablo 

Bay.  The boundaries of the gunnery range were within the center of San Pablo Bay.  The 

gunnery range was operated by the Naval Inshore Operations Training Center.  The gunnery 

range, including the “danger zone,” is not geographically located within the Mare Island WETP 

and was never used by or controlled by the MINS.  Therefore, no further investigation of the 

gunnery range related to the WETP RI/FS was required. 

 

2.2.4 Western Submerged Lands 

 

The western Submerged Lands, located west of IA J, consist of the western shores of Mare 

Island and are comprised of open water and mudflats.  An outfall pipe is located within the 

Submerged Lands approximately 200 feet west of the IA J western boundary and originates at 

the SSTP).  Between 1957 and 1976, treated effluent from the SSTP was discharged through this 

outfall pipe into the San Pablo Bay.  Influent to the SSTP from 1957 through 1972 included 

stormwater and sanitary wastes.  In 1972, new sewers were installed to separate stormwater and 

sanitary wastes.  In addition, the industrial waste (IW) collection system pipeline was 

constructed in 1972.  From 1972 until 1976, the SSTP received sanitary wastes and wastes from 

the IW pipeline, treated the wastes, and discharged the treated effluent to San Pablo Bay via the 

gravity-flow outfall.  Stormwater was not received at the SSTP after the IW collection system 

was installed. This practice was discontinued in 1976 when the treated effluent was routed to the 

City of Vallejo wastewater treatment plant. 

 

The outfall pipe is constructed of concrete and is 30 inches in diameter.  A wooden platform 

extends west of the outfall and is supported by wooden piles.  Currently, bay mud covers the 

lower half of the discharge pipe, and the pipe appears to be half filled with bay mud.  Specific 

contaminants associated with the discharge from the sewer were unavailable based on file 

reviews.  Sampling around the SSTP outfall was warranted, and the analytical results and 

associated risks are summarized in Sections 3 and 4 of this RAP. 

 

Another historical outfall is located north of the WETP and likely discharged to the submerged 

lands north of the WETP.  The only evidence of this outfall is a series of wooden supports 

oriented in the east-west direction north of the WETP.  The Navy reports that the supports mark 
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the path of a stormwater drain for a housing development formerly located along the northern 

perimeter of the base.  Based on the known use of the outfall and the location, there is no reason 

to investigate the outfall for Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA) contaminants; hence, the stormwater outfall was not the subject of the 

WETP RI/FS process. 
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SECTION 3 

SUMMARY OF REMEDIAL INVESTIGATION 

 

Roy F. Weston, Inc. (WESTON®), on behalf of the U.S. Navy issued a Final RI for IAs I 

(Partial) and J and the western Submerged Lands on 21 March 2002 (WESTON, 2002a).  This 

section provides a summary of that RI.  The specific objectives of the RI were the following: 

 

• Ordnance and Explosives Characterization – To identify and remove OE present in 
the Dredge Pond berms and outfalls. 

 
• Radiological Characterization – To investigate to Mare Island Dredge Ponds for the 

presence of radiological material. 
 

• Chemical Characterization – To determine the aerial and vertical extent of 
contamination, particularly at potential exposure points. 

 
• Contaminant Fate and Transport – To determine the rate of migration and the fate of 

contaminants via various migration pathways. 
 

• Human Health Risk Assessment – To evaluate the potential human health and 
environmental impacts associated with the WETP under a no-action alternative (i.e., in 
the absence of remedial activities). 

 
• Ecological Assessment – To characterize and estimate the potential for adverse 

ecological effects associated with the contamination at the WETP. 
 
The significant findings of the RI related to the site geology and hydrogeology, nature and extent 

of contamination, and contaminant fate and transport are summarized in the following 

subsections.  Assessments of ecological and human health risks are presented in Section 4. 

 

3.1 GEOLOGIC INVESTIGATION  

 

The geology of the Mare Island peninsula described in the following text is based on published 

literature and site-specific lithologic data from current and previous Mare Island investigations. 

Although minimal subsurface data is available for IA J, available information indicates the 

geology of IA J is similar to the western portion of the Dredge Ponds.  Lithologic logs and 

geologic cross sections for IA J and the Dredge Ponds can be found in the Final RI for IAs I 

(Partial) and J and the western Submerged Lands (WESTON, 2002a). 
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The geology of the WETP can be characterized as an eroded bedrock surface overlain by a 

blanket of unconsolidated Pleistocene- and Holocene-age sediments and artificial fill material at 

most locations.  The unconsolidated sediments and artificial fill material increase in thickness to 

the north, west, and south at increasing distances from the original island margin.  Mare Island 

itself was originally an island, which has since been modified through land reclamation and 

natural accretion to become a peninsula.  Based on historical Navy maps, the original island was 

a bedrock outcrop surrounded by tule marshes.  In recent times, human influences have 

significantly altered the surface and near-surface conditions at Mare Island. Accretion and 

artificial fill have since significantly enlarged the area of Mare Island. 

 

The soil profile at the Mare Island Dredge Ponds generally contains the following soil layers 

(from top to bottom): artificial fill, Holocene marine sediments (locally referred to as Young Bay 

Mud), late Pleistocene alluvial deposits (which may include some early Holocene deposits), late 

Pleistocene marine sediments (locally referred to as Old Bay Mud), and Pleistocene alluvium 

above a weathered bedrock of the Panoche Formation.   

 

The artificial fill, primarily dredge material, is a relatively homogenous unit consisting primarily 

of silty clay.  The levees separating the Dredge Ponds appear to have been constructed primarily 

using locally derived silt and clay.  Soil encountered within the levees typically consists of firm 

to stiff, olive-gray to black silty fat clay, suggesting that the levees were constructed using Bay 

Mud.  Although permeability tests on the Dredge Pond levees have not been reported, similar 

soils, consisting of properly compacted Bay Mud and Bay Mud dredge materials, typically have 

hydraulic conductivity values between 1x10-7 and 1x10-9 centimeters per second (cm/sec) (SCI, 

2001, Aqua Terra Technologies, 1986).  The thickness of the dredge material is estimated to be 

in the range of 15 to 25 feet (PRC, 1996) but varies between Dredge Ponds.  The dredge material 

placed within the Dredge Ponds has been primarily from local marine maintenance dredging 

activities related to the Mare Island Naval Shipyard activities.  The composition and soil 

properties of the dredge material are similar to those of the underlying native Young Bay Mud.   

 

The unconsolidated natural deposits, which underlie the dredge material and unconformably 

overlie an eroded bedrock surface, consist of alternating layers of silty clay and sand/silt layers, 
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identified in order of increasing depth as the Young Bay Mud, late Pleistocene Alluvium, Old 

Bay Mud, and Pleistocene Alluvium.     

 

The Young Bay Mud is a recently (Holocene) deposited marine/estuarine silty clay consisting of 

a soft, uniform, gray silty clay containing occasional, thin, discontinuous sand lenses and shell 

fragments.  The Young Bay Mud is similar to the dredge materials that form the bulk of the 

artificial fill in the WETP.  Aqua Terra Technologies’ (Aqua Terra) reported laboratory tests 

(1986) indicating hydraulic conductivity values ranging from 1x10-7 to 1x10-9 cm/sec.   

 

The late Pleistocene alluvium is a lens-shaped body of gray, predominantly fine- to medium-

grained sand and has localized areas that contain lesser amounts of silt and clay.  This unit is 

identified as the intermediate water-bearing zone (IWBZ).  Based on the available boring logs, 

the intermediate sand in the IA I and J was encountered at depths from 24 to 51 feet below 

ground surface (bgs), with thickness ranging from 2 to 10 feet.  Based on the locations where this 

sand unit was encountered, and the associated thickness, the intermediate sand appears to be 

pinching out to the north, west and south of the landfill area in the IA I and J.  In-situ testing of 

this area within IA H1 resulted in hydraulic conductivity values of 6.8x10-4 cm/sec.   

 

The Old Bay Mud is a late Pleistocene deposit of unoxidized marine/estuarine stiff to very stiff 

silty clay of varying color.  The Old Bay Mud, while mineralogically similar to the Young Bay 

Mud, has been preconsolidated to a considerable degree and forms a competent foundation 

material.  Although no permeability testing has been completed on Old Bay Mud, hydraulic 

conductivity values are expected to be similar to the Young Bay Mud ranging from 1x10-7 

cm/sec to 1x10-9 cm/sec.   

 

The Pleistocene alluvium is a mixture of clay, silt, sand, and fine gravel with a greater proportion 

of fine sands and clayey sediments.  This lower sand unit comprises the deep water-bearing zone 

(DWBZ).  The lower sand unit was encountered at depths ranging from approximately 42 to 67 

feet bgs.  Based on testing in the nearby IA H1 area, a geometric mean hydraulic conductivity of 

2.1x10-3 cm/sec has been reported for in-situ tests completed in this layer (WESTON, 2001a).   
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Bedrock at Mare Island consists of steeply dipping brown, orange, and tan arkosic sandstone, 

siltstone, and micaceous shale.  Bedrock outcrops exist in the hilly area at the southern end of the 

peninsula now occupied by the golf course, ammunition bunkers, and a residential area along 

Mesa Avenue.  The top of the bedrock exceeds a depth of 85 feet bgs in the Dredge Ponds (Well 

01W63C), the maximum depth of the deepest boring drilled in the Dredge Ponds. 

 

3.2 HYDROGEOLOGY 

 
Three primary water-bearing zones (referred to as shallow, intermediate, and deep) have been 

identified either beneath the Dredge Ponds and/or adjacent areas.  The shallow water-bearing 

zone (SWBZ) refers to both dredge material and naturally deposited materials that intersect the 

water table.  The IWBZ and DWBZ correspond to the two Pleistocene alluvium units. 

 

3.2.1 Water-Bearing Zones 

 

The SWBZ is located within the artificial fill material and upper portion of the Young Bay Mud.  

The SWBZ extends from the water table surface to depths of up to 17 ft bgs, the depths to which 

most SWBZ wells have been installed in IA I and adjacent to IA H1.  Review of SWBZ 

potentiometric surface maps indicates that the pore water within the silty clay of the Dredge 

Ponds and IA J as well as the uppermost portions of the Young Bay Mud generally flows slowly 

outward to the southwest, west, northwest, north, and northeast due to an area of mounded 

groundwater located in the vicinity of the IA H1 landfill area.  The highest groundwater 

elevations have typically been measured at well 01W04, located near the southern corner of the 

landfill.  The groundwater surface within the landfill slopes downward, primarily to the north 

and northeast.  The Dredge Pond levees, dredge materials within the ponds to the south and west 

of the landfill, and the Young Bay Mud, however, are low-permeability materials as described 

previously and limit seepage/groundwater flow in these directions.  The Dredge Ponds are filled 

with dredge materials from local marine dredging activities and contain significant percentages 

of fine-grained clay and silt of low permeability.  The Young Bay Mud is also comprised of fine-

grained silty clay.  As a result, the Dredge Pond levees, dredge materials, and the Young Bay 

Mud will not be capable of transmitting water in any significant quantity.   
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The IWBZ corresponds to the Late Pleistocene alluvium previously described.  The IWBZ is 

known to have a direct hydraulic connection with the DWBZ in a limited area beneath IA H1.  A 

review of available drilling logs indicates predominantly low-permeability silty clay materials of 

the Young Bay Mud separate the IWBA and SWBZ.  These low-permeability materials act as an 

aquitard and vary in thickness from several feet in the area east of IA H1 to over 20 feet west of 

IA H1.  The IWBZ potentiometric surface maps indicate that groundwater generally flows to the 

southwest, west, and northwest from an area of higher groundwater elevations located beneath the 

landfill and Industrial Wastewater Treatment Plant (IWTP) area (IA H1).  Overall, where the 

IWBZ is present, the groundwater flow direction within this unit is expected to flow towards San 

Pablo Bay based on flow data gathered in and around IA H1 and the general topography 

throughout IA I and J, which slopes toward the bay.  In-situ testing of the IWBZ within IA H1 

resulted in a geometric mean hydraulic conductivity value of 6.8x10-4 cm/sec.   

 

The DWBZ corresponds to the lower sand unit (Pleistocene Alluvium).  This unit is encountered 

at depths ranging from approximately 50 to 70 ft bgs beneath IA I.  Static groundwater 

elevations of approximately 45 ft above the top of the lower sand unit were routinely measured 

during the quarterly sampling events indicating that groundwater in this zone occurs under 

confined conditions.  Review of potentiometric maps indicates that the DWBZ groundwater 

generally flows in a northwesterly direction.    

 

3.2.2 Beneficial Use of Groundwater 

 
Potential beneficial uses of groundwater include drinking, domestic, industrial, and agricultural 

uses.  As part of the RI (WESTON, 2002a), five potential beneficial uses for the groundwater in 

the WETP were examined.  These five uses for groundwater are as follows: (1) municipal and 

domestic water supply, (2) industrial process water supply, (3) industrial service water supply, 

(4) agricultural water supply, and (5) freshwater replenishment to surface water.  

 

It was determined that the groundwater underlying the WETP does not satisfy quality and/or 

quantity criteria for any of the above mentioned uses.  This is primarily due to the high 

dissolved-solids content of the water in all water-bearing zones, high salinity of the water in all 

water-bearing zones, and/or low quantity of water available in the SWBZ.  However, shallow 
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groundwater, surface water, and precipitation interact in the Dredge Ponds and wetlands of IA J 

to support the marsh habitat.  Therefore, shallow groundwater has an ecological beneficial use to 

support the marsh habitat.   

 

3.3 CONCEPTUAL SITE MODEL 

 

3.3.1 Surface Water Conceptual Site Model  

 

3.3.1.1 WESTON Surface Water Conceptual Site Model 

 

Based on the subsurface geology of the Dredge Ponds and the presence of perimeter levees, these 

nontidal wetlands act as clay-lined rainwater detention basins.  Vertical gradient data, 

potentiometric data, and well data, where available, demonstrate that there is a downward 

vertical gradient from ground surface to the underlying silty clay dredge material and/or Young 

Bay Mud.  In addition, the measured potentiometric elevations within the piezometers are below 

the base elevation of the nontidal wetlands. 

 

During the wet portions of the year (October to April), increased precipitation, stormwater from 

adjacent areas, and lower evapotranspiration rates result in ponded water if the weirs are in place 

to retain the water.  This ponded water slowly discharges to the underlying SWBZ, slowly 

evaporates, and/or flows over the existing weirs to IA J.  During the dry portions of the year 

(May to September) when the water table is lower, a precipitation event can accumulate in these 

wetlands but will likely drain over the weirs, be returned to the atmosphere by evapotranspiration 

processes, or slowly recharge the groundwater. 

 

3.3.1.2 Regulatory Surface Water Conceptual Site Model 

 

The U.S. Environmental Protection Agency (U.S. EPA) also prepared a conceptual site model 

(CSM) for groundwater/surface water interaction.  This CSM is presented as follows.  As 

precipitation falls onto the surface in IA I, some of it percolates into the ground at the location 

where the precipitation falls.  However, a large fraction of the precipitation flows across the 

surface, where it is impacted by soluble contaminants in the surface soils, to low spots in the 
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topography where it pools.  The majority of the precipitation that reaches the groundwater does 

so at locations below these pools and at locations of preferential flow pathways.  This is because 

the vertical hydraulic gradients at the pool locations are much greater than the vertical hydraulic 

gradients at locations where pools have not formed and because locations where there is direct 

access to the water table through cracks or highly pervious soil allow much greater fluxes of 

water to the groundwater table.  As the groundwater tables rises in response to precipitation, it 

subsumes soil pore water in the vadose zone.  This soil pore water may be more or less 

contaminated than groundwater.  Once the groundwater table reaches the ground surface, 

additional precipitation that lands of the surface can no longer percolate into the ground, and 

surface water is formed.  While this surface water is considerably diluted by rainwater in 

comparison to the shallow groundwater, it is not clean water.  It is a mixture of precipitation, 

shallow groundwater, contaminated surface water, and soil pore water.  This water may pose a 

threat to ecological receptors and to shallow groundwater quality.   

 

3.3.2 Groundwater Conceptual Site Model 
 
3.3.2.1 WESTON Groundwater Conceptual Site Model 

 
The shallow sediments along the western side of Mare Island consist mainly of artificially 

deposited fill materials overlying naturally deposited, low-permeability, fine-grained materials 

(Young Bay Mud).  The fill materials can be broadly classified into two types based on general 

location and historic dredging activities.  Within the IA I Dredge Ponds, boring logs indicate 

extensive deposits of relatively uniform, low-permeability fine-grained silty clay material placed 

as a result of historic dredging activities from the waters around Mare Island Straits.  IA I boring 

logs indicate only infrequent (6 out of 94 locations), thin seams of sand have been encountered at 

scattered locations in the Dredge Ponds and do not comprise a significant component of the 

Dredge Ponds fill materials within IA I.  Movement of groundwater (laterally and vertically) 

through these dredge pond materials is expected to be very slow.   

 

Underlying artificial fill materials in IA I are unconsolidated, naturally deposited, fine-grained 

silty clay materials comprising the Young and Old Bay Mud formations, which in turn overlie a 

westward-sloping bedrock surface.  Within the unconsolidated formations are interbedded strata 

of coarse materials (sand) that, in some cases, may represent continuous and/or extensive strata 
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of high-permeability materials that may have been deposited as stream channel, aeolian, or beach 

deposits or by some other mechanism.  Across the western portion of Mare Island, these coarse-

grained deposits have been categorized based on material type and relative depths into two 

general units known as the intermediate and deep sands.  While the fine-grained materials of the 

Young and Old Bay Mud Formations will not allow for significant transport of groundwater 

either vertically or horizontally, the coarse-grained materials of the intermediate and deep sands 

will support movement of groundwater.   

 

Within the IA I Dredge Ponds area, the deeper sand deposits are separated from the overlying 

dredge materials by uniformly present, low-permeability silty clay of the Young Bay Mud.  The 

Young Bay Mud material contains only infrequent and thin sand seams and lenses based on 

boring log data.  Although scattered sand seams and lenses exist, they are not extensive.  The 

Young Bay Mud represents a relatively uniform low-permeability aquitard separating artificial 

fill materials from the intermediate and deep sand units within IA I.  The intermediate sand is not 

extensive within IA I.   

 

Beneath the intermediate sand, where present, is another sequence of fine-grained, low-

permeability material (Old Bay Mud), which overlies the deep sand.  Where intermediate sand is 

not present (e.g., throughout portions of IA I), the Young and Old Bay Mud formations are in 

contact and form a continuous, low-permeability silty clay unit overlying the deep sand.  Soil 

borings in IA I and J have not penetrated to the bottom of the deep sand; therefore, the thickness 

of this unit is unknown. 

 

The water-bearing zones at the site are characterized as shallow, intermediate, and deep.  The 

IWBZ and DWBZ are natural deposits of sand.  The SWBZ is located in either the low-

permeability dredge material in IA I and/or the uppermost portions of the Young Bay Mud.  

Pump test results have shown that the IWBZ and DWBZ are inter-connected at the location 

where monitoring wells MW-01W33A (shallow aquifer), MW-01W33BN (intermediate aquifer), 

and MW-01W33C (deep aquifer) are located.  The SWBZ, separated from the IWBZ by 30 feet 

of Bay Mud at the location of these wells, was unaffected by the 48-hour pump test conducted in 

MW-01W33BN.  This does not mean that the IWBZ is isolated from materials deposited at the 

surface and in trenches in IA H1 (the landfill, waste pits, battery disposal area etc.).  It only 
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means that at that particular location, there is no direct passageway between the screened 

intervals of MW-01W33A and MW-01W33BN. 

 

At least one anthropogenic compound has been detected in a groundwater sample collected from 

each of the IWBZ monitoring wells installed in the landfill area (IA H1). The fill material 

overlying the natural deposits in IA H1 is heterogeneous; thus, it is unlikely that it forms a 

uniform, low-permeability cap over the natural deposits.  While the contaminant concentrations 

detected in groundwater samples collected from the IWBZ and DWBZ are low and the 

detections of contaminants in these samples are sporadic, there is little evidence to support the 

conclusion that these detections are due to cross contamination, laboratory error, or wells that 

were previously screened across multiple aquifers.  Hence, the IA H1 CSM for the DWBZ and 

IWBZ on the western side of Mare Island is that they may be hydraulically connected to the 

SWBZ underlying IA H1, though the rate of contaminant flux between the SWBZ and the IWBZ 

and DWBZ is low.  The threat the contamination in these aquifers poses to human health and the 

environment appears to be negligible. The threat the contamination in these aquifers poses to 

human health and the environment appears to be negligible. The CSM for IA I differs in that the 

IWBZ is not present throughout most of this area, and overlying artificial fill materials consist of 

relatively uniform, low-permeability silty clay dredge material.  The Young Bay Mud appears 

continuous throughout IA I based on drilling logs. 

 

Regulatory Groundwater CSM 

 
The sediments along the western side of Mare Island consist mainly of heterogeneous fill 

overlying naturally deposited, low-permeability, fine-grained materials.  The naturally deposited, 

fine-grained materials contain interbedded strata of coarse materials that likely represent a 

continuous and/or extensive strata of high permeability materials that may have been deposited 

as stream channel, aeolian, or beach deposits or by some other mechanism.  While the fine-

grained materials will not allow for significant transport of groundwater, either vertically or 

horizontally, the coarse-grained materials will support relatively rapid movement of 

groundwater.   
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The Navy has characterized the water-bearing units at the site as shallow, intermediate, and deep.  

The intermediate water-bearing unit and deep aquifer are natural deposits of sand.  The shallow 

water-bearing unit is located in fill.  Pump test results have shown that the intermediate and deep 

aquifers are inter-connected at the location where monitoring well MW-01W33A (shallow 

water-bearing unit), MW-01W33BN (intermediate water-bearing unit), and MW-01W33C (deep 

aquifer) are located.  The shallow aquifer, separated from the intermediate water-bearing unit by 

30 feet of Bay Mud at the location of these wells, was unaffected by the 48-hour pump test 

conducted in MW-01W33BN.  This does not mean that the intermediate water-bearing unit is 

isolated from waste materials deposited at the surface and in trenches in IA H1 (the landfill, 

waste pits, battery disposal area et cetera).  It only means that at that particular location, there is 

no direct passageway between the screened intervals of MW-01W33A and MW-01W33BN. 

 

The regulatory agencies do not agree that the intermediate water-bearing unit is completely 

isolated from the waste deposited at the surface and in trenches in IA H1 or from dredge spoils 

deposited in IA I.  At least one anthropogenic compound has been detected in a groundwater 

sample collected from each of the intermediate water-bearing unit and deep aquifer monitoring 

wells installed in IAs H1 and I.  The fill material overlying the natural deposits in these IAs is 

heterogeneous; thus, it is unlikely that it forms a uniform low permeability cap over the natural 

deposits that would isolate the intermediate aquifer from any surface contamination. 

 

While the contaminant concentrations detected in groundwater samples collected from the 

intermediate water-bearing unit and deep aquifer are low and the detections of contaminants in 

these water-bearing units are sporadic, no evidence has been presented to support the conclusion 

that these detections are due to cross contamination, laboratory error, or wells that were 

previously screened across multiple aquifers.  Hence, the regulatory CSM for the deep aquifer 

and IWBZ on the western side of Mare Island indicates that they are connected to the shallow 

water-bearing unit, though the rate of contaminant flux between the surface and the intermediate 

water-bearing unit and deep aquifer is low.  The threat posed by the contamination in these 

water-bearing units to human health and the environment appears to be negligible. 
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3.4 ORDNANCE AND EXPLOSIVES CHARACTERIZATION 

 

Two OE investigations were completed in an effort to identify and characterize (through 

removal) OE items present in the Dredge Ponds as well as to determine if the Dredge Ponds 

outfall/berm deposition model presented in Section 2 was an accurate depiction of the nature of 

OE deposition in the Dredge Ponds.   

 

The first investigation, the Intrusive Investigation (WESTON, 2001b), was conducted between 

1998 and 2001.  The purpose of the intrusive investigation was to investigate the 390 magnetic 

anomalies suspected to represent buried ordnance that had been documented during the SI 

described in Section 2.  The 390 anomalies were located with the MK-26, which was the state-

of-art equipment at the time of the investigation.  Of the 390 anomalies, 16 were large anomalies 

associated with the outfalls.  The remaining 374 anomalies, representing individual discrete 

items, were located throughout the levees and pond bottoms.  The 16 large anomalies in the 

outfalls were found to contain agglomerations of rusted debris and OE items held together in 

large masses.  These large agglomerations occurred as the debris deposited by the dredge outfall 

collected and over time became cemented together by rust and mud.  The large blocks of 

debris/OE were broken apart and hand sorted to separate out OE items.  The process of breaking 

apart these agglomerations required extensive crushing and hammering utilizing heavy 

equipment.  No accidental detonations of OE items occurred during this process.  99.9% of the 

recovered OE items were located from outfall locations.  No OE items were encountered in the 

Dredge Pond bottoms.  The locations of OE recoveries further supported the Dredge Ponds OE 

deposition model developed during the PA/SI. All of the OE items recovered had been unfired, 

and their associated fuze components were frequently missing or inoperable due to corrosion.   

 

The second investigation, the OE Confirmation Survey (WESTON, 2002b), was conducted in 

2001.  The purpose of the confirmation study was to identify and characterize (by removal) OE 

anomalies present in the berms and near outfall areas of the Dredge Ponds located by the EM-61 

electromagnetic technology.  The EM-61 can detect ferrous and nonferrous metals unlike the 

MK-26, which can only detect ferrous metals, used in the SI.  The MK-26 was operated by a 

trained-specialist who would utilize human judgment/experience to identify anomalies.  The EM-

61 did not rely on an operator to identify anomalies but recorded every anomaly for later review.  
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Therefore, significantly more anomalies (11,816) were detected during this investigation than 

were detected during the SI.  Anomaly definition and data verification grids were used to 

determine a ratio of OE items to anomalies.  One anomaly definition grid and three 100-foot by 

100-foot data verification grids were established in four locations.  These grids were surveyed 

using the EM-61 technology, and 342 anomalies were identified within the grids.  All 342 of the 

anomalies were subsequently excavated to evaluate them for presence of OE items.  No OE 

items were found in these 342 anomalies.  However, one OE item was discovered adjacent to one 

of the validation grids.  The confirmation survey and validation grids were utilized to refine and 

validate the existing OE distribution model. The established and verified OE distribution model 

linked a 99.9% occurrence rate of finding OE in high-density anomalous areas.  The survey 

identified eight high-density anomalous areas that were subsequently excavated.  The eight areas 

selected exhibited geophysical characteristics that upon analysis were the most probable 

locations of any remaining OE at the Dredge Ponds.  These eight areas were not attributed to 

existing manmade structures (weirs or pipes) or outfall areas previously screened for OE.  Thus, 

the eight areas represented a density of anomalies that were characteristic of the established OE 

distribution model but were outside the previously investigated areas.  Seven of the selected 

areas were the most likely areas remaining after previous removal actions in the Dredge Ponds 

where OE could be found. The remaining one area was selected because it was not likely to 

contain OE and because it could be used to further validate the model.  Of these 484 anomalies 

that were investigated within the eight areas, seven OE items were recovered. 

 

During the two investigations, 58,803 OE items containing energetic material, including 3,425 

that contained high explosives, were recovered and removed from the Dredge Ponds.  This total 

includes OE items recovered at the Dredge Pond 4S outfall, which is excluded from the WETP 

boundary.  The recovered Dredge Pond items include 53,852 small arms (91.58%); 3,061 each 

20-millimeter (mm) anti-aircraft (AA) rounds (5.21%) in various conditions from partially 

complete to projectile only; 113 each 40-mm AA rounds (0.19%) in various conditions from 

partially complete to projectile only; and 171 1.1-inch rounds (0.29%) in various conditions from 

partially complete to projectile only.  There were also 1,211 cartridge cases containing propellant 

(2.06%), 377 fuzes and primers (0.64%), and 18 miscellaneous items (0.03%).  The 

miscellaneous items included the following: 
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• One 81-mm mortar round without fuze.  The round without a fuze was located on the 
surface near one of the weirs.  Since the item is not a common Navy ordnance type, it is 
speculated that someone with possession of the item got rid of it by placing it there. 

 
• Seven 3-inch 50 AA rounds. None of the seven 3 inch anti-aircraft projectiles recovered 

had been fired.   Four of the projectiles were fuzed, but it is extremely unlikely that the 
fuzes were armed. Since the respective forces necessary for arming the fuzes (firing) had 
not occurred, the unfuzed projectiles did not have a complete firing train and would 
require extreme force or heat to detonate.  The possibility of them functioning due to 
casual encounter is very unlikely.  None of the seven had been fired, meaning they had 
not received the forces necessary to cause detonation. 

 
• Four Hotchkiss projectiles.  The Hotchkiss is an 1880’s design that remained in limited 

use by the Navy and the Coast Guard through World War II.  The fuzing contains wood 
components that have rotted away from years of exposure to the elements.  This renders 
the fuzes incapable of detonating the explosive filler by the normal firing sequence. 

 
• One 8½-pound badly deteriorated projectile (possibly modified to be carried by World 

War I era aircraft).  Verification of explosive filler could not be made; the item was 
destroyed as a safety precaution.  

 
• One 3.5-inch rocket motor (without warhead).  The motor contained only solid propellant 

and had no explosive filler. 
 

• Three 25-mm Japanese round/projectile. 
 

• One BDU 33 practice bomb spotting charge. 
 

With the exception of the 81-mm mortar round without fuze, all OE items larger than 22-mm AA 

were recovered at the outfall areas.  99.9% of the OE items removed from the Dredge Ponds 

came from outfall areas.  These outfall areas were completely excavated during the Intrusive 

Investigation; all soil and debris were searched using handheld geophysical instruments and hand 

sorted by qualified explosive ordnance disposal (EOD) personnel to remove all OE items.  These 

intrusive excavations and removal actions verified the deposition model presented in Section 2 of 

the RAP that OE was primarily found at the outfall areas.  In addition, the removal portion of the 

work likely removed a large percentage of OE items present in the Dredge Ponds.  
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3.5 RADIOLOGICAL CHARACTERIZATION 

 

The Navy conducted a basewide radiological survey under the Naval Nuclear Propulsion 

Program (Navy Radiological Engineering Division, 1996) and General Radioactive Materials 

Program.  California Environmental Protection Agency (Cal/EPA) and the U.S. EPA had agreed 

that no further action was required for general radioactive material radiological areas to be in 

compliance with unrestricted use criteria (DTSC, 1996, 1997).    Subsequently, radiological 

screening was performed as a precaution for worker protection for this site in concert with the 

UXO clearance project.  Radiological screening was necessary subsequent to the discovery of a 

radium “button” during screening of outfall debris for the Unexploded Intrusive Investigation 

(WESTON, 2001b).  The radiological investigation used a deposition model similar that the one 

developed for the OE SI.  To ensure that ordnance work at the outfalls did not inadvertently 

distribute excavated material away from the ordnance work area, a 300-foot arc around each 

outfall was established as the outermost survey boundary.  Previous radiological surveys had 

found radiological items at no greater than 150 feet from the outfall.  The radiological survey 

was designed to cover essentially 100% of the area within 300-feet of each outfall point.  

Radiological anomalies were identified and removed during the following three investigations: 

 

• Unexploded Ordnance Intrusive Investigation (WESTON, 2001b):  A total of 29 low-
level radioactive items were recovered while screening dredge outfall material for 
ordnance.  The small items containing radium and strontium had been used as 
luminescent markers aboard ships until they were removed and apparently discarded 
overboard. 

 
• Radiological Investigation (WESTON, 2001c):  A total of 32 radiological items were 

identified and recovered from the Dredge Pond outfalls and adjacent areas within a 300-ft 
arc.  Ten of the 16 outfalls investigated had no radiological findings.   

 
• Survey of 3W Ponds:  A separate survey of the middle, southern, and historic outfalls 

for Pond 3W were investigated.  A total of 10 radiological items were recovered. 
 
During the OE Confirmation Survey and Removal Action (WESTON, 2002b), radiological 

screening was conducted on all excavations and disturbed soil; however, no radiological items 

were identified. 
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Areas likely to have radiological anomalies have been identified and surveyed.  Based on the 

investigation performed, all known radiological items have been removed.  Although 

radiological items may still exist in the Dredge Ponds, the possibility of encountering 

radiological items in the Dredge Ponds is very low.   

 

3.6 CHEMICAL CHARACTERIZATION 

 

Samples were collected for soil, sediment, groundwater, and surface water and were analyzed for 

presence of organic and inorganic constituents.  Concentrations of constituents were analyzed 

against selected screening criteria.  The following sections summarize the results of these 

analyses.  

 

3.6.1 Soil and Sediment Investigation    

 

The investigation and assessment performed as part of the RI for the Dredge Ponds in the WETP, 

the Ecological Risk Assessment (ERA) performed at IA J, and the sediment sampling at the 

historic SSTP outfall in the Submerged Lands identified contaminants detected in sediment 

and/or soil having concentrations above their screening criteria at two or more sample locations.   

For the Dredge Ponds, the extent of the contaminants detected in two or more soil and sediment 

samples above screening criteria include the following: 

 

• IA I Sediment – Concentrations above screening criteria in two or more samples include 
DDD, DDE, DDT, hexachlorobenzene, dieldrin, polychlorinated biphenyls (PCBs), and 
the following metals: chromium, copper, lead, silver, and zinc. 

 
• IA I Subsurface Soil – Concentrations above screening criteria in two or more samples 

include Aroclor-1260, and the following metals: aluminum, antimony, arsenic, cadmium, 
chromium, cobalt, copper, iron, lead, manganese, molybdenum, nickel, selenium, silver, 
vanadium, and zinc. 

 
• IA I Surface Soil – Concentrations above screening criteria in two or more samples 

include the following metals: aluminum, cobalt, iron, and lead. 
 

• PCBs, arsenic, cadmium, molybdenum, nickel, silver, and vanadium concentrations that 
exceed screening criteria generally appear to be infrequent and isolated occurrences 
distributed within the Dredge Ponds. 
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• The metals aluminum, antimony, chromium, cobalt, copper, iron, lead, manganese, 
selenium, and zinc are present at concentrations above screening criteria but are 
consistent with ambient concentrations in sediments such as those deposited in the 
Dredge Ponds.    

 
• Concentrations of pesticides exceeding their screening criteria are detected almost 

exclusively within the upper 2 feet of soil or sediment.  The likely source of dieldrin, 
hexachlorobenzene, and DDT is a result of placement of pesticide-contaminated 
sediments during dredging operations.  The DDD and DDE are likely degradation 
products of DDT.  The source of these pesticides appears to be from agricultural runoff 
and the concentrations are comparable to regional values. 

 
For the Dredge Ponds, soil and sediment is adequately characterized. 

 

For IA J, pesticides (DDD, DDT, dieldrin, and hexachlorobenzene) and metals (lead, nickel, 

selenium, silver, and zinc) were detected at concentrations exceeding screening criteria in two or 

more samples.  All detections were in the vicinity of the Dredge Pond weirs and appear to be 

present as a result of dredge pond decant water runoff from the Dredge Ponds.  The extent of 

contamination appears to be adequately defined and limited to the vicinity of the Dredge Pond 

weirs.  For the western Submerged Lands, metals (lead, mercury, selenium, silver, and zinc), 

PCBs (Aroclor-1254 and Aroclor-1260), and semivolatile organic compounds (SVOCs) 

(naphthalene, acenapthene, fluorene, phenanthrene, benzo(a)anthracene, chrysene, 

dibenz(ah)anthracene, fluoroanthene, and pyrene) were all detected at concentrations exceeding 

screening criteria in two or more samples.  With the exception of selenium, silver, fluoranthene, 

and pyrene, all constituents are adequately defined.  Based on results from background samples 

(SD10 and SD11) and sediment samples from IA J, selenium, silver, fluoranthene, and pyrene 

are ubiquitous in their distribution and do not appear to be a result of contamination from the 

SSTP outfall pipe. 

 

3.6.2 Groundwater Investigation 

 

Groundwater samples were collected from a total of 2 fixed shallow, 2 fixed intermediate, and 11 

fixed DWBZ locations within the Dredge Ponds.  For the Dredge Ponds, arsenic, iron, nickel, 

and zinc were found to consistently exceed groundwater screening criteria in the SWBZ and 

were retained as chemicals of potential concern (COPCs).  The concentrations of these 

constituents are observed to have generally decreased with time.  These inorganic COPCs are 
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present at relatively low levels in IA-I wells and grab samples, and many of the elevated SWBZ 

concentrations appear to be consistent with background ambient levels.  Additionally, where 

wells or samples downgradient from the Dredge Ponds are available, these constituents are 

generally not present.   

 

No COPCs were identified for the IWBZ and DWBZ because the detected organic constituents 

in these zones appear to be one-time or sporadic hits, and the detected metal constituents in these 

zones were either one-time or sporadic hits or present at concentrations only slightly above 

ambient concentrations.    

 

No monitoring wells are located in IA J or the western Submerged Lands.  However, six grab 

groundwater samples were collected from six piezometers located within IA J.  Of the six 

samples, iron and copper were both detected at levels above their respective screening criteria in 

two or more samples and are considered COPCs. 

 

3.6.3 Surface Water Investigation 

 

Ten surface water samples were collected as part of various investigations. Two surface water 

samples were collected in Dredge Pond 1; one sample was collected in Dredge Ponds 4N; two 

samples were collected in Dredge Pond 4S; two samples were collected in the Western Magazine 

Area (WMA); one sample was collected in IR05; and two samples were collected in the North 

Wetlands Subarea in IA H1.  Aluminum, arsenic, copper, iron, lead, nickel, and zinc were found 

to consistently exceed screening criteria.  All of theses constituents exceeded screening criteria 

by greater than two times in at least one sample. 

 

High concentrations of inorganics in surface water can be attributed to contact with sediment 

containing concentrations of inorganics or contact with shallow groundwater. 

 

3.7 CONTAMINANT FATE AND TRANSPORT 

 

Based on the RI, the contaminants selected for inclusion in the fate and transport evaluation were 

pesticides and metals.  Pesticides were included because concentrations of DDT, DDD, DDE, 
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and dieldrin detected above their screening criteria and were widely distributed in sediments 

within the WETP Dredge Ponds.  Although hexachlorobenzene was also detected above 

screening criteria, these detections were only in two isolated locations.  The metals copper, iron, 

manganese, nickel, silver, and zinc are included because several of these metals were detected at 

concentrations that were greater than two times screening criteria in sediment and/or soil.  

Pesticides and metals were also present in sediment samples collected adjacent to the weirs in IA 

J.  SVOCs, PCBs, and metals were present at the historic SSTP outfall within the western 

Submerged Lands. 

 

3.7.1 Contaminant Migration Pathways 

 

Pesticides at concentrations above screening criteria in the WETP Dredge Ponds and IA J weirs 

are widely distributed in shallow sediment and soil samples.  DDT, DDD, DDE, and dieldrin are 

highly persistent in the environment.  PCBs were widely distributed in the shallow sediment at 

the SSTP outfall. Pesticides/PCBs adsorb strongly to soil particles, are relatively immobile, and 

are unlikely to leach to groundwater.  Biodegradation of these compounds is expected to be slow.  

However, these compounds may be subject to photo degradation at the soil surface.  The primary 

migration pathways are transportation with soil particles in surface runoff and as fugitive dust in 

air.  Also, although these pesticides/PCBs are not highly volatile, volatilization is expected to be 

a transport mechanism over time. 

 

Metals concentrations in the WETP appear to be related to leaching from metallic objects 

brought into the Dredge Ponds during dredge material placement or from the minerally rich 

sediment deposited in the Mare Island Strait from historic mining operations.  Sorption processes 

will likely dominate the fate and transport of residual metals remaining in soil and sediment in 

the WETP.  In general, metals detected in the WETP will tend to become sorbed onto soil and 

sediment particles under aerobic conditions where the pH is neutral to basic.  Clays are abundant 

at the site and provide a location for sorption because of a high cation exchange capacity.  The 

presence of organic complexing agents also increases a soil’s affinity for metals.  Because most 

metals appear to remain absorbed into sediment and soil particles, the primary migration 

pathways for metals in the Dredge Ponds are transport with soil particles in surface runoff and as 

fugitive dust in air. 
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3.7.2 Fate of Contaminants of Potential Concern 

 

Over time, the combined effects of surface water transport, fugitive dust transport, and 

volatilization are expected to decrease pesticide/PCB concentrations in the WETP.  Water 

transport is the most likely migration pathway that will contribute to pesticide concentrations 

above screening criteria in areas outside the ponds.  The weirs that were used to drain excess 

water from the Dredge Ponds ultimately discharged into IA J and the wetlands immediately 

adjacent to the Dredge Pond weirs.  Analytical data from 24 sediment samples collected in IA J, 

adjacent to these weirs, indicate that DDT, DDD, and dieldrin were detected at concentrations 

above their screening criteria in 16, 3, and 21 samples, respectively.  Presuming that sediments 

near the weirs are representative of material transported from the Dredge Ponds, this data 

appears to confirm that the surface runoff transport pathway is active for pesticides and may be 

contributing pesticides at concentrations above screening criteria to exposure points in the 

wetlands.  Additional testing was performed around the weir adjacent to Dredge Ponds 3E, 

which is outside the WETP, indicated that the extent of contamination was limited to an area 

immediately adjacent to the weir. 

 

Fugitive dust transport is not expected to significantly alter metals concentrations in soil or 

sediment within the ponds or result in concentrations above screening criteria at exposure points 

outside the ponds.  Surface water transport is the migration pathway that will most likely 

transport metals to areas outside the ponds.  However, this pathway does not appear to be 

contributing significantly to contaminant concentrations above screening criteria at exposure 

points outside the ponds.  The sediment samples from the weirs in IA J contained 4 lead and 6 

zinc concentrations above the screening criteria in the 54 samples analyzed for metals 

(WESTON, 2002a).  Consequently, the metals within the WETP Dredge Ponds are generally 

expected to stay sorbed to soil or sediment within the ponds. 

 

In regards to the metals, PCBs, and SVOCs reported at the historic SSTP outfall above screening 

criteria, these constituents do not degrade rapidly within the environment as compared to other 

constituents.  Metals, PCBs, and SVOCs are more likely to migrate via sediment transport than 

in the aqueous phase.  These more pervasive constituents (metals, PCBs, and SVOCs) were 

bound to the sediment particles and settled immediately adjacent to the SSTP outfall.  Significant 
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migration beyond the immediate SSTP outfall area would be unlikely.  Due to natural sediment 

accretion within the mudflats, the historical sediment was covered by new sediment over time. 
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SECTION 4 

SUMMARY OF SITE RISKS 

 
An accelerated evaluation of human health risks was performed for the WETP.  The more 

conservative screening approach was chosen for this site because of the relatively low 

concentrations of contamination detected there.  A detailed discussion of the Human Health Risk 

Assessment (HHRA) can be found in the RI (WESTON, 2002a).  The potential risk of injury 

from the discovery and accidental detonation of an OE item was evaluated by former Navy 

personnel and UXO specialists (WESTON, 2002d). 

 
A baseline ecological risk assessment (ERA) (TtEMI, 2001) was conducted for the Dredge 

Ponds and the tidal marsh habitat of IA J.  The approach used in the onshore ERA for Mare 

Island is based on detailed U.S. EPA guidance for conducting ERA contained in the Ecological 

Risk Assessment Guidance for Superfund: Process for Designing and Conducting Ecological 

Risk Assessments (U.S. EPA, 1997, 1999).  For the purposes of this RI, WESTON conducted a 

Screening-Level Ecological Risk Assessment (SLERA) for the impacted sediments at the SSTP 

outfall within the western Submerged Lands.  The SLERA was conducted at the SSTP outfall 

since no bioassay or tissue samples were collected from the outfall area.  The SLERA is a more 

conservative approach and is based on published values.   

 

4.1 HUMAN HEALTH RISK ASSESSMENT 

 

Human health risk was assessed in terms of risks due to chemical exposure as well as risks due to 

OE and radiological exposure.  The HHRA for chemical exposure is a quantitative assessment 

that calculated both cancer and noncancer risks.  The human health risk for OE and radiological 

items is a more qualitative assessment that evaluates the probability of injury as a result of 

contact with OE or radiological items.  The risk due to OE and radiological items was assessed 

for the Dredge Ponds only since these items are not considered to be present in IA J and the 

western Submerged Lands. 
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4.1.1 Human Health Risk From Chemical Exposure   

 

The results of an accelerated HHRA, a screening-level risk evaluation (SLRE), addressed 

potential human health effects in terms of estimated cancer risks and noncancer hazards in the 

WETP.  This SLRE included an assessment of current and future site conditions.  The following 

human health risks were evaluated: 

 

• Dredge Ponds – Soil/sediment (0 ft to 2 ft bgs), soil (0 ft to 10 ft bgs), and surface water 
exposure to park worker/recreational user/construction worker through ingestion, 
inhalation, and dermal contact; soil/sediment and groundwater exposure to park 
worker/recreational user/construction worker through inhalation of indoor air; and 
shallow groundwater exposure to construction worker through inhalation in a trench. 

 
• IA J – Sediment exposure to park worker/recreational user/construction worker through 

ingestion, inhalation, and dermal contact. 
 

• Western Submerged Lands – Sediment exposure to park worker/recreational user/ 
construction worker through ingestion, inhalation, and dermal contact; sediment exposure 
to construction worker through ingestion and dermal contact; and sediment exposure to 
construction worker through inhalation. 

 
4.1.1.1 Dredge Ponds 

 

For the current exposure scenario conditions at the active Dredge Ponds, the total lifetime excess 

cancer risk estimates for all COPCs was 4 x 10-7, which is below the 10-6 point of departure for 

risk management.  The total noncancer hazard index (HI) for all of the COPCs was 0.06, which 

is below the regulatory level of concern (a HI of 1).  The highest HIs were observed for the 

inorganic metals manganese (0.03) and aluminum (0.02). 

 

For the future exposure scenario conditions at the active Dredge Ponds, the total lifetime 

excess cancer risk estimates for all COPCs was 7 x 10-6.  This highest total lifetime excess 

cancer risk estimates were observed for arsenic (6 × 10-6), benzo(a)pyrene (2 × 10-7), and n-

nitroso-di-n-propylamine (2 × 10-7).  Arsenic accounts for approximately 86% of the total risk 

estimated under the future site configuration.  Although arsenic is the major contributor to the 

cancer risk, the arsenic concentrations at the active Dredge Ponds are consistent with 

ambient/background levels.  Naturally occurring concentrations of metals in soil are usually 
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referred to as background.  In some cases, land development activities may have resulted in 

relatively uniform changes to the original background concentrations, such as the large areas of 

manmade land at Mare Island.  Thus, ambient/background concentrations were estimated in the 

RI to best represent conditions that existed before potential impacts from site-specific 

activities.  The incremental risk excluding the arsenic concentration, which is consistent with 

ambient/background levels, is 5.3 x 10-7.  The total noncancer HI was 0.1, which is below the 

regulatory level of concern (a HI of 1).  The highest HIs were observed for the inorganic 

metals arsenic (0.04), manganese (0.03), and aluminum (0.02).  Since, the incremental cancer 

risk is less than the 10-6 point of departure and the noncancer HI is less than 1, no remedial 

action is warranted for human health risks. 

 

For both the current (0 to 2 feet bgs) and future (0 to 10 ft bgs) site configurations for the 

inactive Dredge Ponds, the estimated cancer risk is 8 x 10-6, which is within the risk 

management range of 10-6 to 10-4.  Arsenic (8 x 10-6) was the only COPC with a cancer risk 

estimate exceeding 10-6.  No other constituents had estimated cancer risks above a 10-6 cancer 

risk.  Arsenic concentrations, being the major contributor to the cancer risk at the WETP 

Dredge Ponds, are consistent with ambient/background levels.  The incremental risk excluding 

the arsenic concentration, which is consistent with ambient/background levels, is 3.2 x 10-7.  

The estimated HI (0.1) is below the threshold value of 1 for noncancer adverse health effects 

with the greatest HIs observed for the inorganic metals arsenic (0.05) and aluminum (0.01).  

Since the incremental cancer risk is less than the 10-6 point of departure and the noncancer HI 

is less than 1, no remedial action is warranted for human health risks. 

 

The total lifetime excess cancer risk estimate for all COPCs in IA I surface water was 2 x 10-4.  

Arsenic was the only COPC with an individual cancer risk estimate exceeding 10-6 (2 x 10-4).  

However, arsenic was detected in only one sample within the WETP.  Also, the ambient 

concentration for arsenic is 39 microgram per liter (ug/L) in the SWBZ, and the estimated 

ambient cancer risk is 1 x 10-4.  The total noncancer HI was 2.6, which is above the regulatory 

level of concern (a HI of 1).  Manganese was the only constituent with a hazard quotient (HQ) 

greater than 1.  Other chemicals contributing to the HI include arsenic (0.8) and iron (0.3).  

Arsenic, iron, and manganese have different target organs and do not have the same noncancer 

effect; therefore, the corresponding HQs are not additive.  Only individual HQs were evaluated. 
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All COPCs had estimated cancer risks below a 10-6 cancer risk for both the soil and groundwater 

exposure pathways for indoor air.  The total cancer risk estimates for all carcinogenic COPCs 

was 8 x 10-7 and 8.2 x 10-7 for the groundwater and soil exposure pathways, respectively.  The 

total HI for all noncarcinogenic COPCs was below the regulatory level of concern (an HQ of 1) 

at 3.3 x 10-4 and 9.1 x 10-4 for the groundwater and soil exposure pathways, respectively.  All 

COPCs had individual HQs less than 0.0001.  

 

For construction worker exposure to groundwater in a shallow trench pathway, no COPCs had 

estimated cancer risk above a 10-6 cancer risk.  The total cancer risk estimates for all 

carcinogenic COPCs was 4 x 10-7.  The total HI for all noncarcinogenic COPCs (6.7 x 10-4) was 

below the regulatory level of concern (a HQ of 1).  All COPCs had individual HQs less than 

0.0001. 

 

In addition, for unrestricted/residential exposure scenario conditions within IA I active Dredge 

Ponds, the total lifetime excess cancer risk estimates for all COPCs was 5 x 10-5.  The highest 

total lifetime excess cancer risk estimate was observed for arsenic (4 x 10-5). Although arsenic is 

the major contributor to the cancer risk, the arsenic concentrations are consistent with 

ambient/background levels. The total noncancer HI for all of the COPCs was 2.2, which exceeds 

the regulatory level of concern (a HI of 1).  The highest HIs were observed for the inorganic 

metals arsenic (0.8) and manganese (0.6). Although the inorganic metals contribute significantly 

to the total noncancer HI, the concentrations of these metals are believed to be consistent with 

ambient/background levels, and the incremental noncancer HI is less than 1.  Since the 

incremental cancer risk is within the risk management range of 10-4 to 10-6 point of departure and 

the incremental noncancer HI is less than 1 and since unrestricted/residential use is not expected 

in any future reuse, no remedial action is warranted for human health risks. 

 

Further, for unrestricted/residential exposure scenario conditions within IA I inactive Dredge 

Ponds, the total lifetime excess cancer risk estimates for all COPCs was 5 x 10-5.  The highest 

total lifetime excess cancer risk estimate was observed for arsenic (4 × 10-5). Although arsenic is 

the major contributor to the cancer risk, the arsenic concentrations are consistent with 

ambient/background levels. The total noncancer HI for all of the COPCs was 1.4, which exceeds 

the regulatory level of concern (a HI of 1).  The highest HIs were observed for the inorganic 
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metal arsenic (1.0). Although the inorganic metals contribute significantly to the total noncancer 

HI, the concentrations of these metals are believed to be consistent with ambient/background 

levels, and the incremental noncancer HI is less than 1.  Since the incremental cancer risk is 

within the risk management range of 10-4 to 10-6 point of departure and the incremental 

noncancer HI is less than 1 and since unrestricted/residential use is not expected in any future 

reuse, no remedial action is warranted for human health risks. 

 

4.1.1.2 Investigation Area J 

 

The total lifetime excess cancer risk estimate for all select COPCs for a commercial/industrial 

scenario was 1.8 x 10-6 for the sediment within IA J.  Arsenic was the only COPC with a cancer 

risk exceeding 10-6 (1.4 x 10-6).  The incremental risk excluding the arsenic concentration, which 

is consistent with ambient/background levels, is 4.4 x 10-7.  Since the incremental cancer risk is 

less than the 10-6 point of departure, no remedial action is warranted for human health risks.   

 

In addition, for unrestricted/residential exposure scenario conditions within IA J, the total 

lifetime excess cancer risk estimates for all COPCs was 3 x 10-4.  The highest total lifetime 

excess cancer risk estimate was observed for arsenic (2.4 × 10-4). Although arsenic is the major 

contributor to the cancer risk, the arsenic concentrations at IA J are consistent with 

ambient/background levels. The total noncancer HI for all of the COPCs was 13.8, which 

exceeds the regulatory level of concern (a HI of 1).  The highest His were observed for the 

inorganic metals manganese (6.9), arsenic (4.3) chromium (0.6), and aluminum (0.5). Although 

the inorganic metals contribute significantly to the total noncancer HI, the concentrations of 

these metals are believed to be consistent with ambient/background levels, and the incremental 

noncancer HI is less than 1.  Since the incremental cancer risk is within the risk management 

range of 10-4 to 10-6 point of departure and the incremental noncancer HI is less than 1 and 

since unrestricted/residential use is not expected in any future reuse, no remedial action is 

warranted for human health risks. 
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4.1.1.3 Western Submerged Lands (Outfall) 

 

The total lifetime excess cancer risk estimate for all select COPCs was 2 x 10-6 for a 

commercial/industrial scenario for the sediment at the SSTP outfall.  Arsenic was the only COPC 

with a cancer risk exceeding 10-6 (1.8 x 10-6).  The incremental risk excluding the arsenic 

concentration, which is consistent with ambient/background levels, is 2.5 x 10-7.  Since the 

incremental cancer risk is less than the 10-6 point of departure, no remedial action is warranted 

for human health risks. 

 

The total lifetime excess cancer risk estimate for a construction worker at the western Submerged 

Lands was 1 x 10-12, and the total noncancer HI was 1.9 x 10-7 for ingestion and dermal 

absorption.  The total lifetime excess cancer risk estimate was 1 x 10-8, and the total noncancer 

HI was 0.069 for inhalation of fugitive dusts. 

 

In addition, for unrestricted/residential exposure scenario conditions within the western 

Submerged Lands, the total lifetime excess cancer risk estimates for all COPCs was 7 x 10-5.  

The highest total lifetime excess cancer risk estimate was observed for arsenic (6 × 10-5). 

Although arsenic is the major contributor to the cancer risk, the arsenic concentrations at outfall 

sediment are consistent with ambient/background levels. The total noncancer HI for all of the 

COPCs was 6.1, which exceeds the regulatory level of concern (a HI of 1).  The highest HIs 

were observed for the inorganic metals iron (2.0), arsenic (1.2) manganese (0.6), thallium (0.6), 

aluminum (0.5), and chromium (0.5). Although the inorganic metals contribute significantly to 

the total noncancer HI, the concentrations of these metals are believed to be consistent with 

ambient/background levels, and the incremental noncancer HI is less than 1.  Since the 

incremental cancer risk is within the risk management range of 10-4 to 10-6 point of departure and 

the incremental noncancer HI is less than 1 and since unrestricted/residential use is not expected 

in any future reuse, no remedial action is warranted for human health risks. 

 

4.1.2 Human Health Risk from Ordnance and Explosive Items 

 

The risk of injury was assessed by evaluating the type and condition of OE previously found in 

the Dredge Ponds as well as the probability of coming into contact with OE items.   
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Previous investigations have not found any UXO in the Dredge Ponds.  UXO is termed as fuzed 

ordnance that has been fired and subjected to all forces required to arm the fuze mechanism and 

enable detonation by impact or careless handling.  All recovered Dredge Pond OE items have 

been unfired with their associated fuze components deteriorated or inoperable due to corrosion.  

Therefore, the risk of injury due to the type of OE recovered in the Dredge Ponds at Mare Island 

is significantly less than UXO. 

 

The most prevalent explosive-filled OE items discovered during the OE Survey and Removal 

Actions has been the 20-mm AA round.  There have been 58,803 live ordnance items (containing 

energetic material), including 3,425 that contained high explosives, recovered and removed from 

the Dredge Ponds.  The total includes items recovered at the Dredge Pond 4S outfall site located 

near the U.S. Marine Corps rifle range that was excluded from the WETP boundary.  The 

recovered Dredge Pond OE items include  53,852 small arms (91.58%); 3,061 each 20-mm AA 

rounds (5.21%) in various conditions from partially complete to projectile only; 113 each 40-mm 

AA rounds (0.19%) in various conditions from partially complete to projectile only; and 171 1.1-

inch rounds (0.29%) in various conditions from partially complete to projectile only.  There were 

also 1,211 cartridge cases containing propellant (2.06%), 377 fuzes and primers (0.64%), and 18 

miscellaneous items (0.03%).   

 

The condition of the OE material is important because much of the OE recovered had been 

degraded by the moisture-rich environment where it was deposited thereby decreasing the risk of 

detonation.  None of the 20-mm OE items has shown signs of sealant between the cartridge case 

and the projectile, or in the threads joining the fuze adapter to the projectile body.  The lack 

ofsealant allowed water to enterinto the cartridge case and projectile thereby accelerating the 

degradation of the metallic components, propellant, and high explosive filler.  Based on 

discussions with SSPORTS personnel involved with the past Dredge Pond OE removal actions, 

the recovered 20-mm items have had at least one critical component, typically the fuze, missing 

or significantly degraded.  This further reduces the ability of the OE item to detonate thereby 

reducing the risk of injury.  No OE items have been recovered from the Dredge Ponds in sealed 

storage containers, which would limit the degradation of the OE components.  Therefore, the risk 

of finding OE items in sealed containers is low. 
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Black powder is a physical mixture of three chemicals: potassium or sodium nitrate, charcoal, 

and sulfur.  It is one of the oldest of explosive compounds and one of the most hazardous due to 

its sensitivity to heat, shock, and friction.  Black powder will readily absorb water and become 

insensitive in the presence of moisture.  Although it may regain its explosive properties when 

dried, it typically became mixed with sediments and was rendered permanently harmless in the 

wet dredge pond environment.  Although some small OE items, such as primers, that typically 

utilize black powder were recovered, no uncontained black powder was recovered since it had 

long ago broken down into its constituent compounds and been disbursed. 

 

Smokeless powder is a nitrocellulose-based solid propellant compound that was formed into hard 

plastic-like “grains” for use as a propellant in small arms cartridges and gun ammunition.  The 

grains, ranging in size from fine particles to cylinders 7/8 inches in diameter and 2 inches long, 

are insoluble in water and will retain many of their original characteristics even when exposed to 

the elements over long periods of time.  Smokeless powder is much less sensitive than black 

powder; it will burn when ignited but will not explode unless confined.  Approximately 40 

pounds of loose propellant grains were recovered from the Dredge Pond outfall locations.  Much 

of the recovered propellant resulted from the rupture of cartridge cases during OE removal 

operations. 

 

With the exception of one item, all OE items larger than the 20-mm AA were recovered at the 

outfall areas.  99.9% of the OE items removed from the Dredge Ponds came from the outfall 

areas.  These outfall areas were completely excavated; all soil and debris were searched using 

handheld geophysical instruments and hand sorted by qualified EOD personnel to remove all OE 

items. A majority of the recovered items originated from the former outfall associated with 

Dredge Pond 4S.  This area is excluded from the WETP.   

 

Based on the type, condition, and location of OE items previously recovered from the Dredge 

Ponds, it can be concluded that although OE material may still exist in the Dredge Ponds, the 

probability of coming into contact with OE items is very low, and the risk of injury due to 

contact with OE items is even lower.  In addition, the intrusive investigation/removal action 

likely removed a vast majority of the OE items. 
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4.1.3 Human Health Risk from Radiological Items 

 

Areas likely to have radiological anomalies have been identified and surveyed.  Based on the 

investigation performed, all known discrete radiological items have been removed.  Although 

there may be a remote possibility that discrete radiological items are still present in the Dredge 

Ponds, the likelihood of exposure to discrete radiological items is even more remote.  During the 

most recent OE Confirmation Survey (WESTON, 2002b), no radiological anomalies were 

identified. 

 

4.2 ECOLOGICAL RISK ASSESSMENT SUMMARY  

 

An ERA was completed for the WETP.  The following ecological risks were evaluated for the 

WETP: 

 

• Dredge Ponds – Soil/sediment exposure to the salt marsh harvest mouse and mallard 
through food chain modeling at the active Dredge Ponds; soil/sediment exposure to the 
salt marsh harvest mouse, killdeer, and mallard through food chain modeling at the 
inactive Dredge Ponds; and comparison to toxicity reference values for exposure to 
surface water to the salt marsh harvest mouse and mallard at the Dredge Ponds.   

 
• IA J – Sediment exposure to the salt marsh harvest mouse through food chain modeling.   

 

• Western Submerged Lands – Sediment exposure to the western sandpiper through 
comparison to toxicity reference values. 

 
4.2.1 Dredge Ponds 

 

Current conditions suggest little ecological risk associated with the managed Dredge Ponds.  No 

modeled COEC presents an immediate or significant risk to the salt marsh harvest mouse or the 

mallard.  However, results indicate that the salt marsh harvest mouse is at limited risk from 

manganese and nickel. As long as the management plan for these ponds remains unchanged 

(specifically, as long as the ponds will be maintained for future use as dredge disposal areas and 

habitat development is discouraged through management practices), ecological risk will be 

limited as exposure pathways are interrupted or are highly muted.  In the event the management 
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plan for the managed Dredge Ponds changes and viable habitat develops, the ecological risk 

would likely be similar to the unmanaged Dredge Ponds. 

 

Results of the ERA indicate that COECs in the unmanaged Dredge Ponds pose limited risk to 

ecological receptors that use this area.  The current management practice for the unmanaged 

Dredge Ponds has allowed physical habitat features characteristic of wetlands to develop.  

Presently, ecological risks appear low, and developing wetland conditions may potentially 

diminish risk.  For the salt marsh harvest mouse, food chain modeling predicts this receptor to be 

at limited risk from cadmium and lead; and bioassay results predict this receptor is at probable 

risk from manganese and at limited risk from arsenic, cadmium, copper, lead, nickel, and zinc.  

For the mallard, food chain modeling predicts this receptor to be at limited risk from lead.  For 

the killdeer, food chain modeling predicts this receptor to be at limited risk from arsenic, copper, 

lead, nickel, zinc, and total DDTs. 

 

Risk from exposure to surface water of IA-I was calculated in addition to risk to sediment 

exposure to the mallard and salt marsh harvest mouse.  No HQ values exceeded the regulatory 

level of concern (an HQ of 1).  The highest HQ value for the mallard was observed for selenium 

(0.001).  The highest HQ value for the salt marsh harvest mouse was observed for manganese 

(0.007). 

 

4.2.2 Investigation Area J 

 

Results of the ERA indicate that manganese was the only contaminant indicating probable risk to 

the salt marsh harvest mouse while arsenic, cadmium, copper, lead, selenium, and zinc posed 

limited risk at maximum concentrations.  The assessment of risks to plants and vertebrates did 

not indicate a trend of adverse effects across the area that was driven by chemicals of concern.  

No modeled COEC presents an immediate or significant risk to the salt marsh harvest mouse.   

 

4.2.3 Western Submerged Lands (Outfall) 

 

Of the detected constituents above their sediment screening criteria, Aroclor-1254 and mercury 

were determined to be COECs.  Selenium was detected above its sediment screening criteria in 
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all samples.  However, the concentrations were below the Regional Water Quality Control Board 

(RWQCB) Wetland Foundation Material level of 1.4 milligrams per kilogram (mg/kg).  

Selenium appears to be ubiquitous in its distribution and is thus likely naturally occurring.  

Although pyrene and fluoranthene were both detected above their respective screening criteria, 

both were below effects range-low (ER-L) screening criteria and were therefore not considered 

COECs.   



I:\WO\W12500\31469S-5 5-1 

SECTION 5 

SUMMARY AND EVALUATION OF FS ALTERNATIVES 

 

WESTON, on behalf of the U.S. Navy, issued a Final Feasibility Study for IAs I (Partial) and J 

and the western Submerged Lands on 21 March 2002 (WESTON, 2002c).   

 

The specific objectives of the FS were the following: 

 

• Development of remedial action objectives (RAOs) that specify the contaminants of 
concern, exposure pathways, and remediation goals and permit a range of alternatives to 
be developed.  RAOs are developed on the basis of chemical-specific applicable or 
relevant and appropriate requirements (ARARs). 

 

• Develop general response actions that define containment, removal, disposal, or other 
actions, singly or in combination, that can be taken to satisfy the RAOs. 

 

• Identify volumes or areas to which the general response actions apply. 

 

• Identify and screen remedial technologies for each general response action to eliminate 
technologies that cannot be technically or cost effectively implemented.  Further define 
general response actions to specify types of remedial technologies. 

 

• Identify and screen process options for each remedial technology. 

 

• Assemble process options into alternatives, screen the alternatives, and evaluate retained 
alternatives. 

 

5.1 REMEDIAL ACTION OBJECTIVES 

 

5.1.1 Dredge Ponds 

 

Based on the RI and ARARs, the RAOs for the soil, sediment, surface water, OE, and discrete 

radiological items within the WETP Dredge Ponds are the following: 
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For Human Health 

• Reduce exposure via ingestion of seasonal surface water within the WETP Dredge Ponds 
containing arsenic and manganese concentrations exceeding screening criteria; 

 
• Control direct exposure and protect future workers and recreational users from the very 

low residual risk posed by OE material within the WETP Dredge Ponds; and 
 

• Control direct exposure from the very low residual risk posed by discrete radiological 
items within the WETP Dredge Ponds. 

 
For Environmental Protection 

• Reduce exposure to COECs (cadmium, manganese, lead, nickel, zinc, and DDT) present 
within the soil/sediment posing limited risk to the federally endangered salt marsh harvest 
mouse within the WETP Dredge Ponds; and 

 
• Reduce exposure to COECs (arsenic, copper, lead, nickel, zinc, and DDT) present within 

the soil/sediment posing limited risk to insectivorous birds and herbivorous birds 
temporarily inhabiting WETP Dredge Ponds. 

 
5.1.2 Investigation Area J 

 

Based on the RI and ARARS, the RAOs for the soil/sediment within IA J are the following: 

 

For Environmental Protection 

• Reduce exposure to COECs (arsenic, cadmium, copper, manganese, lead, selenium, and 
zinc) within the soil/sediment posing a limited risk to the federally endangered salt marsh 
harvest mouse within the IA J weir locations.   

 
5.1.3 Western Submerged Lands  

 

Based on the RI and ARARS, the RAOs for the soil/sediment at the SSTP outfall within the 

western Submerged Lands are the following: 

 

For Environmental Protection 

• Reduce exposure to COECs (Aroclor-1254 and mercury) within the shallow sediment 
posing limited risk to ecological receptors at the historical SSTP outfall within the 
western Submerged Lands. 
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5.2 DESCRIPTION OF ALTERNATIVES 

 

5.2.1 Dredge Ponds 

 

5.2.1.1 Alternative DP-1: No Action 

 
CERCLA requires the No Action Alternative to be carried forward to the detailed analysis phase 

in order to provide a baseline comparison with the other alternatives.  The No Action Alternative 

implies that no remedial action would be undertaken within the WETP Dredge Ponds. 

 

5.2.1.2 Alternative DP-2a: Institutional Controls, Walkway, and Cover on Eastern 

Levee 

 

This alternative utilizes institutional controls, access restrictions, and monitoring to achieve the 

RAOs.  Institutional controls consist of land use restrictions, an operation and maintenance plan, 

and a soil management plan.  Access restrictions include a walkway, gate, signage, and a 2-foot 

soil cover on the eastern levee of Dredge Ponds 4N, 4M, and 4S (partial) as shown in Figure 6-1.  

Monitoring will consist of annual sediment monitoring.  The property owner or his/her designee 

would be responsible for implementation of the institutional controls and access restrictions. 

 

Institutional Controls 

 

Institutional controls consist of land use restrictions, an operation and maintenance plan, and a 

soil management plan.   

 

Land Use Restrictions 

 

Land use restrictions would be placed on the property to achieve RAOs.  These restrictions 

would prohibit the development of the land for unauthorized uses.  Per the reuse plan for Mare 

Island, unmanaged Dredge Ponds 1, 3E, 3W, 5NW, and the historic Dredge Pond north of 

Dredge Pond 3W are classified as open space or wetlands (City of Vallejo, 1994).  Managed 
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Dredge Ponds 2N, 2M, 2S, 4N, 4M, 4S, and 7 are slated for continued use as dredge ponds, open 

space, or wetlands; however the FS assumed that the managed ponds would not be managed in 

the future.  The following land use restrictions would be placed on the site as deed restrictions: 

 

• Future reuse of the property would prohibit residences, schools, daycare centers, or 
hospitals. 

 
• None of the following activities would be conducted unless the Department of Toxic 

Substance Control (DTSC) gives approval: 
 

o Disturbance of surface soil or subsurface soil through activities such as digging, 
trenching, drilling, regrading or landscaping regardless of depth would require OE 
construction support as specified by DTSC; 

 
o Covering or disturbing of groundwater wells, or use of the Dredge Ponds in a 

manner that restricts access to groundwater wells; 
 

o Alteration of groundwater conditions through activities such as groundwater 
pumping. 

 
• No soil/sediment disturbing activities by the public would be permitted. 
 
• Certified personnel would conduct annual visual surveys of the publicly accessible areas 

for evidence of OE.  
 

• Education and awareness programs would be implemented in the local community in 
cooperation with the Vallejo Restoration Advisory Board. 

 
Implementation and enforcement of these land use restrictions would achieve the human health 

RAOs for the Dredge Ponds.  Confirmation that the land use restrictions are maintained would be 

monitored visually during annual site inspections each year.  During the inspections, the site 

would be assessed as to whether the land use restrictions have been violated.  The Dredge Pond 

areas would be inspected annually to verify that no unpermitted buildings or structures have been 

built at the site, that no unauthorized wells have been installed, that all groundwater wells are 

locked and in good condition, and that there have been no excavations or other subsurface 

activities at the site.  The Consent Agreement between State Lands, the City of Vallejo, and 

WESTON would enforce the land use restrictions.  WESTON would prepare an annual 

inspection report for review by State Lands, the City of Vallejo, DTSC, RWQCB, and U.S. EPA.  
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The U.S. Fish and Wildlife Service (USFWS) would be contacted for a permit to perform any 

intrusive activities in the wetlands that might destroy the salt marsh harvest mouse habitat.   

 

Operation and Maintenance (O & M) Plan 

 

This plan will describe how institutional controls and access restrictions are implemented and 

how these controls will be maintained over time.  It would provide for annual inspections and 

annual report as well as an incident report/correction plan for any breach of restrictions.  The 

O&M would include contingency planning for the possibility of additional OE or other 

hazardous substance found at a future date at the site.  Under the contingency plan, DTSC would 

be notified of incidents or additional OE/hazardous substances, and appropriate actions would be 

taken as outlined in the contingency plan. 

 

Soil Management Plan 

 

This plan would describe how digging or hauling soils off-site would receive DTSC approval 

and the requirements for providing OE construction support during these activities. 

 

Access Restrictions 

 

Access restrictions include a walkway, gate, signage, and a 2-foot soil cover on the eastern levee 

of Dredge Ponds 4N, 4M, and 4S (partial).  In general, the access restrictions would significantly 

reduce the potential for ingestion, dermal contact, and inhalation of site soil/sediment containing 

arsenic within the WETP Dredge Ponds; reduce the potential for ingestion of seasonal surface 

water containing arsenic and manganese within the WETP Dredge Ponds; and control direct 

exposure to soil/sediment within the WETP Dredge Ponds containing possible discrete 

radiological items and OE material on the berms and near the Dredge Pond outfalls.  In addition, 

the access restrictions would mitigate the potential physical hazards associated with the Dredge 

Ponds and protect the sensitive habitats. 
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It is estimated that the construction of the access restrictions would last approximately six weeks.  

This assumes installation of approximately 500 linear feet of walkway per day and 1,500 cubic 

yards (CY) of soil cover per day and six working days per week. Additionally access restrictions 

would be inspected annually for indications of damage.  Areas of damaged pathway would be 

repaired, and damaged signs would be replaced.  Annual inspection reports would be prepared 

documenting the findings of the inspections and repairs implemented, and any analytical results 

would be included.  At a minimum, the inspection reports would be submitted to DTSC for 

review. 

 

Walkway 

 

To limit access to designated areas, this alternative includes installation of a walkway around the 

perimeter of the Dredge Ponds that are more accessible by the general public (i.e., adjacent to 

parcels designated as residential in the Mare Island Reuse Plan).  Dredge Ponds that are not 

relatively accessible to the general public or that would have restricted access to protect the 

natural habitat of the wildlife or the physical hazards associated with the berms (i.e., steep slopes 

and ruts), would rely on other controls (gate, signage, and surveillance).   

 

The walkway would limit accessibility and associated risk but still would allow access to the 

natural features of the site.  A row of thorny vegetation would be planted on the Dredge Pond 

side of the walkway to discourage travel off the walkway pathway.  The walkway would be 

associated with Dredge Ponds 2N, 2S, 2M, 4N, and 4S.  An equivalent access control would be 

implemented for the USFWS refuge area, which includes Dredge Ponds 1, 3W, and the historic 

pond north of 3W.  Currently, the equivalent access control at USFWS Dredge Ponds is managed 

public access.  The walkway would be restricted to pedestrian traffic only by posts at the 

entrances to the walkway.  The walkway, approximately 12,000 linear feet, would consist of 

materials to provide a suitable barrier to limit the possible exposure of the public to possible OE 

and radiological items in those areas designated for public access. It would consist of a geotextile 

layer, 6-inch-thick weathered stone or other equivalent cover material, and a row of thorny 

vegetation.   
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Gate   

 

Dredge Ponds that are not easily accessible to the general public (Dredge Ponds 1, 3E, 3W, 

5NW, 7, and the historic dredge pond north of 3W) would rely on a gate at Dredge Pond 3E, 

signage, and routine surveillance by the owner’s representative.  These ponds are not adjacent to 

parcels designated as residential reuse and are relatively inaccessible to the public.  The gate at 

Dredge Pond 3E would be locked at all times preventing unauthorized access unless a person 

knowledgeable of the potential site hazards is present on-site.  

 

Signage 

 

Signs would be posted as part of the education awareness programs to further educate the casual 

visitors on the environmental issues present in the pond.  The signs would warn people of the 

potential dangers.   

 

Soil Cover on Eastern Levee of Dredge Pond 4M, 4N, and 4S (Partial) 

 

The eastern portion of Ponds 4M, 4N, and 4S (partial), which is directly adjacent to parcels 

designated as residential reuse, would have a 2-foot soil cover on the eastern face of the levee in 

order to reduce public exposure to possible OE or discrete radiological items.  Figure 6-1 shows 

the location of the 2-foot soil cover. 

 

The soil cover would be placed on the eastern levee Dredge Ponds 4M, 4N, and 4S (partial).  

Approximately 6 acres would be covered with 19,000 CY of soil to a depth of 2 feet.  

Soil/sediment from the Dredge Ponds will be used for the cover.  During soil/sediment 

placement, two 2-man teams will screen the pond bottom soil using an appropriate instrument (to 

be determined) as well as visual sweeps.   This survey will match the rate at which the material is 

placed and spread by a scraper/dozer.  The covered area would be seeded to establish vegetation.   
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Environmental Monitoring 

 

Monitoring of the sediment within the WETP Dredge Ponds would be conducted to confirm that 

concentrations of COECs (arsenic, cadmium, copper, lead, manganese, nickel, zinc, and DDT) 

within the WETP Dredge Pond sediment are not increasing in concentration.  Sediment samples 

would be collected from within each of the WETP Dredge Ponds at a depth interval of 0 to 2 feet 

bgs.  Two representative sediment samples would be collected from each pond at locations that 

previously exhibited the highest concentrations of COECs.  The samples would be collected and 

analyzed annually for metals and DDT.  Summary reports would be prepared documenting the 

results of the annual inspection and sediment sampling.  Monitoring would document that the 

exposure risks to ecological receptors associated with sediment remain limited or decrease over 

the long term thereby reducing exposure of COECs present within the soil/sediment of the 

WETP Dredge Ponds and posing limited risk to ecological receptors. 

 

5.2.1.3 Alternative DP-2b: Institutional Controls, Walkway, Fence, and Cover on 

Eastern Levee 

 

This alternative utilizes institutional controls, access restrictions, and monitoring to achieve the 

RAOs.  Institutional controls would be the same as Alternative DP-2a.  Access restrictions would 

be the same as Alternative DP-2a with the addition of a fence along the walkway as opposed to 

the thorny vegetation. 

 

The walkway for Alternative DP-2b would be the same as Alternative DP-2a with the exception 

that the walkway would be fenced on both sides.  The fence would be approximately 4 feet high 

and located on both sides of the walkway.  Approximately 24,000 linear feet of fencing would be 

required to limit access to the walkway.   
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5.2.1.4 Alternative DP-3a: Institutional Controls, 2-Foot Soil Cover on All Berms 

 

This alternative utilizes institutional controls, access restrictions, and monitoring to achieve the 

RAOs.  Institutional controls and monitoring would be the same as Alternative DP-2a.  Access 

restrictions include a 2-foot soil cover on all the berms, signage, and gate.   

 

Access Restrictions 

 

Access restrictions include a 2-foot soil cover on all berms and the eastern levee of Dredge 

Ponds 4M, 4N, and 4S (partial), signage, and a gate.  Access restrictions in the form of signage 

and gates would significantly reduce the potential for ingestion, dermal contact, and inhalation of 

site soil/sediment containing arsenic within the WETP Dredge Pond berms; reduce the potential 

for ingestion of seasonal surface water containing arsenic and manganese within the WETP 

Dredge Ponds; and control direct exposure to soil/sediment within the WETP Dredge Ponds 

containing possible discrete radiological items and OE material near the Dredge Pond outfalls.  

In addition, the access restrictions would mitigate the potential physical hazards associated with 

the Dredge Ponds and protect the sensitive habitats.   

 

It is estimated that the construction of the access restrictions would last approximately 27 weeks.  

This assumes installation of approximately 1,500 CY per day and 6 working days per week.  

Additionally, access restrictions would be inspected annually for indications of damage.  Areas 

of damaged cover would be repaired, and damaged signs would be replaced.  Annual inspection 

reports would be prepared documenting the findings of the inspections, repairs implemented, and 

any analytical results would be included.  At a minimum, the inspection reports would be 

submitted to DTSC for review. 

 

2-Foot Soil Cover 
 
To limit access to designated areas, this alternative includes the construction of a 2-foot soil 

barrier on the all berms of the WETP Dredge Ponds as well as the eastern levee of Ponds 4M, 

4N, and 4S (partial) in order to reduce public exposure to possible OE or discrete radiological 

items.   
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The soil cover, approximately 74 acres, would consist of 240,000 CY of soil to a depth of 2 feet.  

Soil/sediment from the Dredge Ponds would be used for the cover.  During soil/sediment 

placement, two 2-man teams will screen the pond bottom soil using the MK-26 ordnance locator 

as well as visual sweeps.  This survey would match the rate at which the material is placed and 

spread by a scraper/dozer.  The covered area may be seeded to establish vegetation in order to 

reduce erosion potential.  

 

5.2.1.5 Alternative DP-3b: Institutional Controls and 2-foot Soil Cover in All Areas 

 

This alternative utilizes institutional controls, access restrictions, and containment to achieve the 

RAOs.  Institutional controls would be the same as Alternative DP-2a.  Access restrictions 

include a gate and signage.  Containment includes a 2-foot soil cover on all the berms and pond 

bottoms.  

 

Access Restrictions 

 

The access restrictions would achieve human health and environmental protection RAOs by 

restricting access to sediments present within the WETP Dredge Ponds and includes the following 

key components: 

 

• A gate to restrict access; 
• Signage to restrict access. 
 

Access restrictions would be inspected annually for indications of damage.  Areas of damaged 

cover would be repaired, and damaged signs would be replaced.  Annual inspection reports 

would be prepared documenting the findings of the inspections and repairs implemented.  At a 

minimum, the inspection reports would be submitted to DTSC for review. 
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Containment 

 

Containment would be used to achieve human health and environmental protection RAOs by 

placing a soil barrier over the sediments present within the WETP Dredge Ponds and includes 

the following key components: 

 

• Permitting/consultation; 
• Construction of a temporary salt marsh harvest mouse habitat; 
• “Taking” of the salt marsh harvest mouse and existing habitat; 
• Maintaining and monitoring relocated salt marsh harvest mouse population and habitat; 
• Construction of soil barrier and reestablishment of pickleweed habitat; and 
• Repopulation of salt marsh harvest mouse. 
 

The soil barrier would prevent ingestion, dermal contact, and inhalation of site soil/sediment within 

the Dredge Ponds containing arsenic by eliminating these pathways.  The soil barrier would also 

eliminate exposure of COECs present within the soil/sediment posing limited risk to ecological 

receptors and control direct exposure from OE and discrete radiological items.   

 

Permitting 

 

A “habitat conservation plan” would be developed and implemented to provide for conservation 

of the salt marsh harvest mouse in accordance with Section 10 of the Endangered Species Act of 

1973 (ESA) (USFWS, 2001).  The purpose of the plan would be to describe the steps necessary 

to protect and ensure the survival of the salt marsh harvest mouse population during the 

construction of the soil barrier at the WETP Dredge Ponds.  The salt marsh harvest mouse 

(Reithrondontomys raviventris) has been designated an endangered species pursuant to the ESA.  

The term “endangered species” means any species that is in danger of extinction throughout all 

or a significant portion of its range (USFWS, 2001).  The effects of physical disturbance of the 

sediment within the WETP Dredge Ponds may potentially result in erosion, increased water 

turbidity, and related adverse effects on aquatic biota.  These measures may have the potential to 

cause accidental mortality of sensitive species, including the salt marsh harvest mouse.   
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“An incidental take permit” would be required in order to trap and relocate the mice.  Section 9 

of the ESA makes it unlawful to “take” a listed species (USFWS, 2001).  The term “take” means 

to “harass, harm, pursue, hunt, shoot, trap, capture, collect, or attempt to engage in any such 

conduct.”  The term “harm” is “an act which actually kills or injures wildlife.  Such acts may 

include significant habitat modification or degradation where it actually kills or injures wildlife 

by significantly impairing essential behavioral patterns, including breeding, feeding, or 

sheltering.”  Provisions for the “incidental take permit” are included as Section 10 of the ESA.  

Characteristics of the salt marsh harvest mouse and its habitat to consider during the preparation 

of the permit include the following: 

 

• Salt marsh harvest mouse populations are limited in distribution to native salt and 
brackish habitats of the middle and upper tidal or diked marshes bordering bays, 
estuaries, and rivers of the San Francisco Bay region.   

• The maximum life span in the wild for salt marsh harvest mice is approximately 12 
months, but most live less than 8 months.   

 

• Females have a low reproductive potential bearing around four young per litter and have 
only one litter per year.  Reproductive activity for females ranges from March to 
November.   

 

• Salt marsh harvest mice use pickleweed as their primary habitat as long as they have 
nonsubmerged, salt-tolerant vegetation for escape during high tides (Fisler, 1965; 
Shellhammer, 1977, 1981; Wondelleck et al., 1976).  The value of pickleweed increases 
with depth and density.  Studies have shown that the best type of pickleweed association 
for salt marsh harvest mice has the following characteristics: (1) 100% cover, (2) a cover 
depth of 30 to 50 centimeters (cm) at summer maximum, and (3) a high percentage cover 
of pickleweed, i.e., 60% or more.  These animals are extremely cover dependent and do 
not burrow.  Salt marsh harvest mice eat green vegetation, including grasses, in addition 
to seeds. 

 

• Salt marsh harvest mice do not venture into open areas even a few feet from vegetation, 
fearing predation.  Therefore, roads or open areas are effective barriers to their movement 
(Faber, 1990).   

 

Habitat Construction 

 

A temporary habitat similar to the current habitat within the unmanaged Dredge Ponds would be 

established for the salt marsh harvest mouse within the managed Dredge Pond once the 
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pickleweed was reestablished.  The managed Dredge Ponds would revert to nontidal wetlands 

similar to unmanaged Dredge Ponds 1, 3E, and 3W.  Habitat establishment is estimated to last 

approximately 6 months.   

 

Relocation of Salt Marsh Harvest Mouse 

 

The federally endangered salt marsh harvest mouse would have to be trapped and relocated to a 

similar environment to its current habitat prior to construction activities.  Mice would be trapped 

using single, long lines of live traps placed 10 meters apart.  Trapping studies indicated that 

trapping success rates typically varied from approximately 50 trap nights per mouse to more than 

350 trap nights per mouse (Gilroy, A and H.S. Shellhammer, 1980).  The salt marsh harvest mice 

inhabiting Dredge Ponds 1 (partial), 3E (partial), 3W, 5NW (partial), and the historic dredge 

pond located north of Pond 3W would be trapped and relocated to a similar habitat.  The salt 

marsh harvest mice inhabiting the first pond to undergo construction would be trapped and 

relocated to the habitat established in one of the managed Dredge Ponds that have reverted back 

to a viable habitat.  The salt marsh harvest mice inhabiting each subsequent Dredge Pond would 

be trapped and relocated to the previous Dredge Pond following construction activities.  A small 

population of salt marsh harvest mice would be relocated to the last Dredge Pond to undergo 

construction following the completion of construction activities.  It is estimated that trapping of 

the salt marsh harvest mice within each unmanaged Dredge Pond would last approximately 6 

months.  The salt marsh harvest mouse habitat would be reestablished at each of the unmanaged 

Dredge Ponds following construction activities.  Habitat establishment is estimated to last 

approximately 6 months for each Dredge Pond.  Trapping of the salt marsh harvest mouse 

population within subsequent ponds would begin 3 months after habitat reestablishment is 

initiated. 

 

Clearing and Site Preparation 

 

The WETP Dredge Ponds would be cleared of vegetation prior to construction activities.  The 

total area to be cleared would consist of approximately 516 acres.   
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Soil Cover 

 

A 2-foot soil barrier would be placed over the WETP Dredge Ponds and would consist of 

approximately 516 acres.  It is estimated that approximately 1,915,000 CY of soil would be required 

to create the soil barrier at the WETP Dredge Ponds.  Material similar to the current dredge material 

within the Dredge Ponds would be obtained from a nearby source or dredging operation and used to 

create the soil barrier to sustain plant cover and habitat at the WETP Dredge Ponds.  The material 

would meet wetland cover requirements.  Soil placement activities would be conducted using 

conventional mechanical equipment such as backhoes and graders.  Existing roads are adequate for 

truck traffic to transfer barrier material to the site.  It is estimated that approximately 1,500 CY of 

soil would be placed daily.  It is estimated that soil placement activities for each Dredge Pond would 

last an average of approximately 6 months, assuming 22 working days per month.  This assumes 

that 100 truckloads (15 CY per truck) per day would bring the soil barrier material to the site.  

Mobilization and demobilization are assumed to occur during the first and last two weeks of the 

construction activities.  The area would be revegetated with pickleweed following construction 

activities.  Permitting, habitat destruction/construction, mouse trapping and relocation, and cover 

placement would require approximately 12 years.   

 

5.2.1.6 DP-4: Institutional Controls and Anomaly Removal 

 

This alternative utilizes institutional controls, access restrictions, and monitoring to achieve the 

RAOs.  Institutional controls and monitoring would be the same as Alternative DP-2a.  Access 

restrictions include excavation and removal of all metallic anomalies identified during the OE 

Confirmation Survey (WESTON, 2002b) to 2 feet bgs, a gate, and signage.  Monitoring will 

consist of annual sediment monitoring.   

 

Access Restrictions 

 

Access restrictions include excavation and removal of all metallic anomalies identified during 

the second survey to 2 feet bgs, a gate, and signage.  Access restrictions would be inspected 

annually for indications of damage.  A damaged gate would be repaired, and damaged signs 
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would be replaced.  Annual inspection reports would be prepared documenting the findings of 

the inspections, repairs implemented, and any analytical results would be included.  At a 

minimum, the inspection reports would be submitted to DTSC for review. 

 

Anomaly Removal 

 

This alternative would involve the excavation and removal of an estimated 11,000 metallic 

anomalies from the Dredge Ponds.  The anomalies represent those identified by the OE 

Confirmation Survey (WESTON, 2002b) that meet the approximate physical parameters of a 20-

mm AA round, the most probable Dredge Pond OE type based on previous removal data.  The 

removal would take approximately 28 weeks to complete based on a removal rate of 400 

anomalies per week. 

 

The removal project would consist of the following work elements: 

 

• Mobilization/site preparation; 
• Anomaly relocation; 
• Excavation of subsurface anomalies; 
• Anomaly evaluation; 
• Disposition of identified OE. 

 
Mobilization and site preparation tasks would include the transportation of personnel, equipment, 

and supplies to the site, installation of material staging areas, assembly of required support 

equipment, establishment of site support facilities, and the removal of selected surface 

vegetation. 

 

Each of the suspected OE anomalies would be reacquired with a Trimble Pro-XR Differential 

Global Positioning System (DGPS) receiver using anomaly position information from the OE 

Confirmation Survey database.  The precise location of each anomaly would then be verified 

using handheld geophysical instruments (MK-26 Ordnance Locators and AN-19/2 All Metals 

Locators) prior to excavation. 
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The excavation of anomalies would be performed using a combination of heavy equipment and 

hand tools.  Excavation teams would consist of an UXO specialist team leader, a second UXO 

specialist assistant, and an equipment operator/laborer.  Anomalies would be excavated down to 

a minimum clearance depth of 2 feet.  The handheld geophysical instruments would again be 

utilized to ensure that no additional OE-like anomalies exist in each excavation prior to 

backfilling.  Since low-level discrete radiological items have been recovered at selected Dredge 

Pond outfall locations, the excavation process would also include the monitoring of all disturbed 

soil. 

 

Maintenance of an appropriate Explosive Safety Quantity Distance (ESQD) arc around each OE 

worksite during intrusive operations is required by the Department of Defense to ensure public 

safety.  Access into the areas would be restricted to qualified site workers; visitors and the public 

would not be allowed within the established ESQD arcs.  Any occupied buildings located within 

an ESQD arc would also require evacuation during OE intrusive operations.  The removal of 

anomalies along the eastern edge of dredge ponds might therefore require the periodic 

evacuation of tenants and/or the closure of selected roads for limited periods. 

 

A UXO specialist would perform an assessment of all recovered items.  Items would be 

characterized as: OE, inert ordnance scrap, or nonordnance material.  Inert ordnance scrap would 

be certified inert and segregated in sealed containers to prevent possible confusion with live OE 

items pending transfer to a certified ordnance scrap-recycling contractor.  Nonordnance material, 

including scrap metal and general debris, would be sorted and stockpiled for recycling or 

disposal. 

 

Those items suspected to represent live OE would be packaged and transported to a secure on-

site facility for temporary storage pending thermal treatment.  Any identified low-level 

radiological material would also be packaged and placed in secure storage pending off-site 

disposal by the Navy.  A complete record indicating its unique anomaly number, location, 

excavation date, the UXO specialist team leader, depth, description, physical characteristics, and 

the final disposition of the item would be maintained for each anomaly. 
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5.2.2 Investigation Area J 
 
5.2.2.1 Alternative IAJ-1: No Action 

 
CERCLA requires the No Action Alternative be carried forward to the detailed analysis phase in 

order to provide a baseline comparison with the other alternatives. 

 

5.2.2.2 Alternative IAJ-2: Institutional Controls and Monitoring 

 

This alternative utilizes institutional controls and sediment monitoring to achieve the RAOs.   

 

Institutional Controls 
 
Per the reuse plan for Mare Island, IA J is slated for continued use as open space or wetlands.  

Land use restrictions would be placed on IA J as described below: 

 

• Any land use besides wetland/open space would be prohibited. 

• Defined excavation and/or drilling activities would require approval of DTSC and 
appropriate construction support. 

 
• Covering or disturbing groundwater wells or uses that restrict access to groundwater 

wells would be prohibited. 
 

• Alteration of groundwater conditions through activities such as dewatering and 
discharging of significant volumes of water to the ground or environment would 
require DTSC approval.  

 
These land use restrictions would satisfy the human health RAO for preventing ingestion, dermal 

contact, and inhalation of IA J sediment containing arsenic concentrations above screening 

criteria.  Enforcement of the land use restrictions at IA J would be similar to Alternative DP-2a. 

 

Environmental Monitoring 

 

Monitoring of the sediment adjacent to each historical weir location would be conducted to 

determine if concentrations of COECs, (arsenic, cadmium, copper, manganese, lead, selenium, 

and zinc) within the sediment adjacent to the historical weir locations are not increasing in 
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concentration.  Sediment samples would be collected from each historical weir location at a 

depth interval of 0 to 2 feet bgs.  Two representative sediment samples would be collected from 

each historical weir location (Weir-5, Weir-6, Weir-B, Weir-C, Weir-3, and Weir-1) adjacent to 

Dredge Ponds 1, 2N, 2M, 3E, 4S, and 7, respectively, at locations that previously exhibited the 

highest concentrations of COECs.  The samples would be collected and analyzed annually for 

metals.  A gauge would be set within the sediment at each of the six historic weir locations to 

monitor sediment accretion at that location.  Sampling and sediment accretion monitoring would 

document that the exposure risks to ecological receptors associated with sediment remain limited 

or decrease over the long term thereby reducing exposure of COECs present within the sediment 

of IA J posing limited risk to ecological receptors.   

 

5.2.2.3 Alternative IAJ-3: Excavation/Off-Site Disposal of Sediment 

 

This alternative consists of excavation and off-site disposal of approximately the upper 2 feet of 

sediment at each historic weir location.   

The objective of this alternative would be to remove the COCs/COECs from the sediment adjacent 

to the six historic weir locations thereby eliminating exposure of COECs to ecological receptors.   

The alternative includes the following key components: 

 

• Permitting/consultation; 
• Clearing and site preparation; 
• Excavation. 

 
Permitting  

 

A “habitat conservation plan” would be developed and implemented to provide for conservation 

of the salt marsh harvest mouse in accordance with Section 10 of the ESA (USFWS, 2001).  The 

purpose of the plan would be to describe the steps necessary to protect and ensure the survival of 

the salt marsh harvest mouse population during construction activities.  Characteristics of the salt 

marsh harvest mouse are described in Alternative DP-3 for the Dredge Ponds.  
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Clearing and Site Preparation 

 

The proposed excavation areas would be cleared of vegetation prior to excavation activities.  The 

total area to be cleared consists of approximately 53,000 square feet (SF).  Barriers would be 

installed around the proposed excavation areas during the high tide to restrict the salt marsh 

harvest mice from entering these areas.   

 

Excavation 

 

Sediment within areas adjacent to each historic weir location would be excavated and transported to 

an off-site disposal facility.  Based on a total estimated area of 53,000 SF and a depth of excavation 

of 2 ft, approximately 4,500 CY of sediment would require excavation.  Sediment would be 

excavated using conventional mechanical excavation equipment, such as backhoes, and loaded 

directly onto dump trucks for transport to a permitted disposal facility, such as the Keller Canyon 

Landfill located in Pittsburg, California.  Excavated sediment would be transported to the landfill 

located approximately 23 miles from the site in accordance with applicable and appropriate rules 

and regulations.  Existing roads are adequate to transfer soil to the disposal facility.  It is estimated 

that approximately 500 CY of sediment would be excavated daily.  It is estimated that excavation 

activities would last approximately two weeks.  This assumes that 34 truckloads (15 CY per truck) 

per day would transport excavated material to the landfill.  Following sediment removal, the 

excavations would be backfilled with off-site clean fill and topsoil similar to the material removed 

from the excavation areas.  It is estimated that backfilling activities would last approximately two 

weeks.  This assumes that 34 truckloads (15 CY per truck) per day would bring the clean fill to the 

excavations to complete backfilling activities.   

 

Special controls would be implemented during excavation and backfilling activities to minimize 

environmental releases and to protect worker safety.  Some of the controls would include the 

following: 

 

• Using appropriate dust control measures; 
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• Establishing equipment decontamination areas to prevent off-site migration of 
contaminants; 

 
• Following appropriate health and safety precautions. 

 

The excavation would be allowed to naturally refill with bay sediments.  Mobilization and 

demobilization are assumed to occur during the first and last week of the construction activities.  It 

is estimated that construction activities would last approximately four weeks.   

 

5.2.3 Western Submerged Lands  

 
5.2.3.1 Alternative SL-1: No Action 

 
CERCLA requires the No Action Alternative to be carried forward to the detailed analysis phase 

in order to provide a baseline comparison with the other alternatives. 

 

5.2.3.2 Alternative SL-2: Institutional Controls and Monitoring 

 

This alternative utilizes institutional controls and monitoring to achieve the RAOs.   

 

Institutional Controls 

 

In order to achieve RAOs, land use restrictions would be placed on the area.  Per the reuse plan 

for Mare Island, the western Submerged Lands are slated for continued use as they are currently 

being used.  Land use restrictions to be placed on the western Submerged Lands are described in 

Alternative IAJ-2 for Investigation Area J.   

 

Environmental Monitoring 

 

Monitoring of the sediment adjacent to the historical discharge pipe from the former SSTP would 

be conducted to determine if concentrations of Aroclor-1254 within the sediment adjacent to the 

historical discharge pipe from the former SSTP are naturally attenuating (via accretion or natural 

diffusion) and not increasing in concentration.  Two sediment samples would be collected at the 
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outfall of the historical discharge pipe from the former SSTP at a depth interval of 0 to 2 ft bgs at 

locations previously exhibiting the highest concentrations of Aroclor-1254.  The sediment 

samples would be collected and analyzed annually for PCBs.  A gauge would be set within the 

sediment near the former SSTP outfall location to monitor sediment accretion at that location.  

Sampling and sediment accretion monitoring would document that the exposure risks to 

ecological receptors associated with sediment remain limited or not significant over the long 

term.  This monitoring would satisfy the environmental protection RAO to ensure that exposure 

to COECs within the shallow sediment posing limited risk to ecological receptors is decreasing 

over time. 

 

5.2.3.3 Alternative SL-3: Excavation/Off-Site Disposal of Sediment 

 

This alternative consists of excavation and off-site disposal of approximately the upper 4.5 ft of 

sediment adjacent to the former SSTP outfall location.  The objective of this alternative would be to 

remove the COECs from the sediment adjacent to the former SSTP outfall location thereby 

eliminating exposure of COECs to ecological receptors.   

 

This alternative consists of excavation and off-site disposal of approximately the upper 4.5 ft of 

sediment adjacent to the former SSTP outfall location.  Sediment would be dredged and transported 

to an off-site disposal facility.  Based on an area of 800 SF and a depth of 4.5 ft, it is estimated that 

an approximate 155 CY of sediment would be dredged from the SSTP outfall location.  

Confirmation samples would be collected from the excavation area to verify that all contaminated 

sediment had been removed.  Confirmation samples would be collected and analyzed for PCBs and 

metals.  It is estimated that dredging activities would last approximately one month.  The dredged 

material would be pumped to a lined staging area and allowed to dry.  The dried sediment would be 

subsequently transported to a landfill for disposal such as the Keller Canyon Landfill.  The 

excavation would be allowed to naturally refill with bay sediments. 
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5.3 DETAILED ANALYSIS OF ALTERNATIVES 

 

The detailed analysis was conducted to provide an assessment and profile of each alternative 

against the nine evaluation criteria in the National Contingency Plan (NCP).  The first two 

evaluation criteria are as follows: (1) overall protection of human health and the environment and 

(2) compliance with ARARs that are not waived.  These two evaluation criteria are threshold 

criteria that must be met.  The next five criteria, balancing criteria, are the primary basis for the 

detailed analysis (U.S. EPA, 1988).  The last two NCP criteria, state and community acceptance, 

will be considered by the reviewing agencies after public review and comment of the RAP.  The 

review and comment process will follow the NCP (40 CFR 300.430(f)) and U.S. EPA guidance 

(U.S. EPA, 1988).  The nine evaluation criteria are as follows: 

 

Threshold Criteria 

• Overall Protection of Human Health and the Environment 
• Compliance with ARARs 

 

Primary Balancing Criteria 

• Long-Term Effectiveness and Permanence 
• Reduction of Toxicity, Mobility, and Volume through Treatment 
• Short-Term Effectiveness 
• Implementability 
• Cost 

 
Modifying Criteria 

• State Acceptance 
• Community Acceptance 

 

The purpose of the comparative analysis is to evaluate the relative performance of all alternatives 

using each of the seven specified evaluation criteria (not including the modifying criteria until 

public comment is complete).  The comparative analysis identifies the advantages and 

disadvantages of each alternative to one another so that key differences can be considered thus 

providing a framework for the selection of an appropriate remedy for the site.  The following 

discussion presents the strengths and the weaknesses of the alternatives relative to one another 

with respect to each criterion and how reasonable variations of key uncertainties could change 
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the expectations of their relative performance.  Table 5-1 presents a ranking of each alternative 

against the nine evaluation criteria. 

 

5.3.1 Overall Protection of Human Health and the Environment 
 
5.3.1.1 Dredge Ponds 

 

Alternative DP-1 would not reduce present or future risk from COCs to human receptors or 

control exposure to OE and discrete radiological items within the WETP Dredge Ponds.  

Alternatives DP-2a and DP-2b have similar institutional and access restrictions that would 

reduce risk from COCs, OE, or discrete radiological items to human receptors.  Alternative DP-

3b would eliminate exposure to human health COCs by placing a 2-foot soil barrier over the 

WETP Dredge Ponds.  Alternative DP-3a would eliminate exposure to human health COCs 

present at the Dredge Pond berms by placing a 2-foot soil barrier over the perimeter Dredge 

Pond berms and the eastern berm of Dredge Pond 4M and would reduce risk to human receptors 

from COCs, OE, and discrete radiological items.  Alternative DP-4 would reduce the risk from 

OE material to human receptors but would not reduce the risk from COCs as compared to DP-2a, 

DP-2b, DP-3a, or DP-3b. 

 

Alternatives DP-1, DP-2a, DP-2b, DP-3a, DP-4 may reduce limited ecological risk, which is 

indistinguishable from ambient ecological risk, through a decrease in COEC concentrations to 

below risk levels from natural diffusion.  Alternative DP-3b may ultimately eliminate exposure 

to COECs by placing a 2-foot soil barrier over the WETP Dredge Ponds; however, construction 

activities would significantly increase risk to the salt marsh harvest mouse through trapping, 

relocation, and habitat destruction.  Thus, Alternative DP-3 provides the least protection to the 

environment.   

 

5.3.1.2 Investigation Area J 

 

Alternatives IAJ-1 and IAJ-2 may reduce the ecological risk through a decrease in COEC 

concentrations from natural diffusion and sediment accretion.  Alternative IAJ-3 would eliminate 

the limited ecological risk through removal of the upper two feet of the sediment within the areas 
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adjacent to the historic weir locations.  Removal of sediment would eliminate risk to ecological 

receptors whereas Alternatives IAJ-1 and IAJ-2 would only potentially reduce risk over time.  

However, Alternative IAJ-3 may potentially increase risk to the salt marsh harvest mouse during 

construction activities due to habitat destruction.  Therefore, Alternative IAJ-3 would provide the 

least protection to the environment. 

 

5.3.1.3 Western Submerged Lands 

 

Alternatives SL-1 and SL-2 may reduce limited ecological risk through a decrease in COEC 

concentrations from natural diffusion and sediment accretion.  Alternative SL-3 would eliminate 

limited ecological risk through removal of the upper 4.5 feet of the sediment within the areas 

adjacent to the historic SSTP outfall location.  Removal of sediment would eliminate limited risk 

to ecological receptors whereas Alternatives SL-1 and SL-2 would only potentially reduce risk 

over time. 

 

5.3.2 Compliance with ARARs 
 
All of the alternatives meet the ARARs except for the No Action Alternatives DP-1, IAJ-1, and 

SL-1. 

 
5.3.3 Long-Term Effectiveness and Permanence 
 
5.3.3.1 Dredge Ponds 

 

Alternatives DP-2a, DP-2b, DP-3a, and DP-3b would significantly reduce the potential for 

exposure to OE and discrete radiological items within the WETP Dredge Ponds through 

institutional controls and access restrictions.  Through anomaly excavation, Alternative DP-4 

would essentially eliminate the exposure to OE material within 0 to 2-ft depth range.   The 

institutional controls and access restrictions are effective and permanent if properly maintained.  

Alternative DP-3b would reduce exposure to OE and discrete radiological items to human 

receptors and reduce exposure by ecological receptors to COECs within the sediment of the 

WETP Dredge Ponds bottoms through installation of a 2-foot barrier.  Alternative DP-3a would 

prevent ingestion, inhalation, and dermal contact of COCs; reduce exposure to OE and discrete 
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radiological items to human receptors; and reduce exposure by ecological receptors to COECs 

within the surface soil of the WETP Dredge Pond perimeter berms.  However, the residual risk is 

still present.  For Alternatives DP-1, DP-2a, DP-2b, DP-3a, and DP-4, the magnitude of residual 

risk would be equal to the present risk.  Alternatives DP-2a, DP-2b, DP-3a, DP-4 would monitor 

the magnitude of residual risk to human and ecological receptors in the long term through 

sediment monitoring.  Alternative DP-3b would reduce limited risk to ecological receptors. 

 

5.3.3.2 Investigation Area J 

 

For Alternatives IAJ-1 and IAJ-2, the magnitude of residual risk would be equal to the present 

limited ecological risk but would likely reduce over time through natural diffusion and sediment 

accretion.  Alternative IAJ-2 would monitor the magnitude of residual risk to human and 

ecological receptors in the long term through sediment monitoring.  Alternative IAJ-3 would also 

eliminate exposure of ecological receptors to COECs within the sediment through excavation 

and off-site disposal of the upper 2 ft of sediment adjacent to the historic weir locations.  

Alternative IAJ-3 would eliminate residual risk to ecological receptors, and Alternatives IAJ-1 

and IAJ-2 would potentially reduce risk through natural diffusion and sediment accretion. 

 

5.3.3.3 Western Submerged Lands 

 

For Alternative SL-1 and SL-2, the magnitude of residual risk would be equal to the present 

limited ecological risk but would likely reduce over time through natural diffusion and sediment 

accretion.  Alternative SL-2 would monitor the magnitude of residual risk to ecological receptors 

in the long-term through sediment monitoring.  Alternative SL-3 would eliminate exposure of 

ecological receptors to COECs within the sediment through removal and off-site disposal of the 

upper 4.5 ft of sediment adjacent to the historic SSTP outfall.  Alternative SL-3 would eliminate 

residual risk to ecological receptors, and Alternatives SL-1 and SL-2 would potentially reduce 

risk through natural diffusion and sediment accretion. 
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5.3.4 Reduction of Toxicity, Mobility, and Volume through Treatment 

 

None of the proposed alternatives include treatment of the media to reduce toxicity, mobility, 

and volume of COECs.  Treatment was not considered a viable option due to cost and the low 

risk of the COECs to ecological receptors. 

 

5.3.5 Short-Term Effectiveness 
 
5.3.5.1 Protection of the Community and Workers During Remedial Action 

 

Dredge Ponds 

 

Alternatives DP-1 and DP-4 would not pose a measurable risk to the community during 

implementation; Alternatives DP-2a, DP-2b, and DP-3a would pose risk to the community for a 

limited time due to increased truck traffic necessary for soil placement activities.  Alternative 

DP-3b would pose risk to the community on a long-term basis due to increased truck traffic 

necessary for soil placement activities.  Alternatives DP-2a, DP-2b, DP-3a, DP-3b, and DP-4 

contain similar institutional controls, which would pose no risk to workers or the community.  

However, Alternatives DP-3a and DP-3b would pose more risk than Alternative DP-2a, or DP-

2b during implementation due to potential exposure of construction workers to dust generated by 

construction equipment during soil transport and placement activities as well as possible OE and 

discrete radiological items.  Alternative DP-4 would pose the greatest risk to workers through 

anomaly excavation. 

 

Investigation Area J 

 

Alternatives IAJ-1 and IAJ-2 would not pose measurable risk of exposure to the community or 

workers.  Alternative IAJ-3 would pose more risk than Alternatives IAJ-1 and IAJ-2 to the 

community and workers during implementation due to truck traffic and potential dust generated 

by construction equipment.  
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Western Submerged Lands 

 

Alternatives SL-1 and SL-2 would not pose measurable risk of exposure to the community or 

workers.  Alternative SL-3 would pose more risk to the community and workers than 

Alternatives SL-1 and SL-2 during implementation due to dredging and off-site disposal of 

material. 

 

5.3.5.2 Environmental Impacts 

 

Dredge Ponds 

 

Alternatives DP-1, DP-2a, DP-2b, DP-3a, and DP-4 would have limited impact to the 

environment or ecological receptors since activities would be conducted in areas that are not 

potential habitats.  Alternative DP-3b would have the greatest impact on the environment 

including habitat destruction and the trapping and relocation of the salt marsh harvest mouse.  

Destruction of the salt marsh harvest mouse habitat could potentially have significant 

environmental impacts. 

 

Investigation Area J 

 

Alternatives IAJ-1 and IAJ-2 would have no and limited impact to the environment or ecological 

receptors, respectively.  Alternative IAJ-3 would have the greatest impact on the environment 

including destruction of the current salt marsh harvest mouse habitat.  Destruction of the salt 

marsh harvest mouse habitat could potentially have significant environmental impacts. 

 

Western Submerged Lands 

 

Alternatives SL-1 and SL-2 would have no and limited impact to the environment or ecological 

receptors, respectively.  Alternative SL-3 would have the greater impact on the environment 

during implementation than Alternatives SL-1 and SL-2 due to the dredging operations and 

dewatering pad construction.   
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5.3.6 Implementability 
 
5.3.6.1 Dredge Ponds 

 

Alternative DP-1 is the easiest to implement.  The institutional controls for Alternatives DP-2a, 

DP-2b, DP-3a, DP-3b, and DP-4 can be readily implemented.  The services and materials 

required to conduct environmental monitoring for Alternatives DP-2a, DP-2b, DP-3a, and DP-4 

would be readily available.  Access restrictions for Alternatives DP-2a, DP-2b, DP-3a, and DP-4 

would be easy to implement with all resources readily available.  Alternative DP-3b would be 

more difficult to implement than Alternatives DP-2a, DP-2b, DP-3a, and DP-4.  Alternative DP-

3b includes salt marsh harvest mouse trapping and relocation and habitat destruction and 

construction, which would require a considerable amount of permitting and resources.  

 

5.3.6.2 Investigation Area J 

 

Alternative IAJ-1 is the easiest to implement because no remedial action is required.  

Alternatives IAJ-2 and IAJ-3 include similar land use restrictions that can be readily 

implemented.  Implementation of Alternative IAJ-3 would be more difficult to implement than 

Alternative IAJ-2.  Alternative IAJ-3 requires excavation of sediment as well as habitat 

destruction of the salt marsh harvest mouse.   

 

5.3.6.3 Western Submerged Lands 

 

Alternative SL-1 is the easiest to implement because no remedial action is required.  Alternatives 

SL-2 and SL-3 include similar land use restrictions that can be readily implemented; however, 

Alternative SL-2 is more readily implementable since Alternative SL-2 does not have a dredging 

component.  The services and materials to conduct sediment excavation/dredging activities and 

to conduct monitoring would be available.   
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5.3.7 Cost 

 
Table 5-1 presents a comparative summary of the total capital costs, the present worth O&M 

costs, and the total present worth costs for the alternatives.  There are no costs associated with 

the No Action Alternatives IAJ-1 and SL-1.   

 

5.3.7.1 Dredge Ponds 

 
There is a significant difference in cost between Alternatives DP-2a, DP-2b, DP-3a, DP-3b, and 

DP-4.  Alternative DP-2a has a total present worth of $1,175,000; DP-2b has a total present 

worth of $1,348,000; DP-3a has a total present worth of $2,631,000; Alternative DP-3b has a 

total present worth of $45,918,000; and DP-4 has a total present worth of $2,187,000.   

 

5.3.7.2 Investigation Area J 

 

There is no significant difference between the total present worth of Alternatives IAJ-2 and IAJ-

3 due to the inherent uncertainties with an FS-type cost estimate.  Alternative IAJ-2 has a total 

present worth of $311,000, and Alternative IAJ-3 has a total present worth of $892,000.   

 

5.3.7.3 Western Submerged Lands 

 

There is no significant difference between the total present worth of Alternatives SL-2 and SL-3 

due to the inherent uncertainties with an FS-type cost estimate.  Alternative SL-2 has a total 

present worth of $162,000, and Alternative SL-3 has a total present worth of $295,000. 

 

5.3.8 State and Community Acceptance 

 

The alternatives will be compared to one another against these criteria when formal state and 

community comments on this draft RAP have been received. 




