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ACRONYMS AND ABBREVIATIONS 

§  Section 

μg/L  micrograms per liter 

 

AOC area of concern 

ARAR applicable or relevant and appropriate requirement 

 

BCT BRAC Cleanup Team 

bgs below ground surface 

BRAC Base Realignment and Closure 

 

Cal/EPA California Environmental Protection Agency 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 

C.F.R. Code of Federal Regulations 

CO carve-out  

COC chemical of concern 

COPC chemical of potential concern 

CSM conceptual site model 
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DSS disposal sanitary sewer 

DTSC (Cal/EPA) Department of Toxic Substances Control 

 

ESI expanded site inspection 

 

FFS focused feasibility study 

FFSRA Federal Facility Site Remediation Agreement 

FOSET Finding of Suitability for Early Transfer 
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FOST Finding of Suitability to Transfer 

Freon 113 1,1,2-trichloro-1,2,2-trifluoroethane 
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GAC granular activated carbon 

 

HHRA human health risk assessment 

HI hazard index 

 

IC institutional control 

IRP Installation Restoration Program 
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ISCO in-situ chemical oxidation 

 

LIFOC lease in furtherance of conveyance 

LRA Local Redevelopment Authority 
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MAE miscellaneous air emissions 

MCAF Marine Corps Air Facility 

MCAS Marine Corps Air Station 

MCL maximum contaminant level 

MDA miscellaneous disposal area 

MMS miscellaneous major spill 

MNA monitored natural attenuation 

MOA Memorandum of Agreement 

MPA mingled plumes area 

MSL mean sea level 

 

Navy Department of the Navy 

NCP National Oil and Hazardous Substances Pollution Contingency Plan 

NFA no further action 

NPL National Priority List 

 

O&M operation and maintenance 
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OU operable unit 

 

PAH polynuclear aromatic hydrocarbon 

PCB polychlorinated biphenyl 
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RAP remedial action plan 

RCRA Resource Conservation and Recovery Act 
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RI remedial investigation 

RME reasonable maximum exposure 

ROD record of decision 

RP Reuse Plan 
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TPH total petroleum hydrocarbons 
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1. DECLARATION 

This Record of Decision (ROD)/Remedial Action Plan (RAP) presents the Selected Remedy for 

groundwater and documents the no further action (NFA) determination for soil at Operable Unit 

(OU) 4B, former Marine Corps Air Station (MCAS) Tustin, California.  Former MCAS Tustin is 

not on the National Priority List (NPL).  The United States Environmental Protection Agency 

(U.S. EPA) Identification Number is CA9170090022.  The remedy was selected in accordance 

with the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 

of 1980 as amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA) 

(Title 42 United States Code Section [§] 9601, et seq.), and to the extent practicable, the National 

Oil and Hazardous Substances Pollution Contingency Plan (NCP) (Title 40 Code of Federal 

Regulations [C.F.R.] Part 300).  This decision is based on information contained in the 

Administrative Record
1
 (Attachment 4) for this OU.   

The Department of the Navy (Navy) selected the remedy for OU-4B. The California 

Environmental Protection Agency (Cal/EPA) (through the Department of Toxic Substances 

Control [DTSC] as the lead state agency and the California Regional Water Quality Control 

Board Santa Ana Region [RWQCB]) and the U.S. EPA concur on the Selected Remedy for  

OU-4B.  An agreement letter from U.S. EPA is provided as Attachment 5.  The Navy considered 

the comments received from the public and regulatory agencies prior to final remedy selection 

documented in this ROD/RAP.  The Navy provides funding for site cleanups at former MCAS 

Tustin.  The Federal Facility Site Remediation Agreement (FFSRA) for former MCAS Tustin 

documents how the Navy and Marine Corps intend to meet and implement CERCLA in 

partnership with the U.S. EPA, DTSC, and RWQCB.   

OU-4B sites covered under this ROD/RAP are Installation Restoration Program (IRP) sites  

IRP-5S(a), IRP-6, IRP-11 Area B (hereinafter referred to as IRP-11), IRP-13W (which includes 

areas of concern [AOCs] miscellaneous air emissions [MAE] area 04, temporary storage [ST] 

areas 14A, ST-14B, ST-14C, and ST-15, and oil/water separator [TOW]-X7), Miscellaneous 

Major Spill (MMS)-04 Area B (hereinafter referred to as MMS-04), and the Mingled Plumes 

Area (MPA), which comprises AOCs Disposal Sanitary Sewer (DSS)-01, DSS-02, 

Miscellaneous Disposal Area (MDA)-02, MMS-05, and ST-67.   

OU-4B is one of six OUs (OU-1A, OU-1B, OU-2, OU-3, OU-4A, and OU-4B) at former MCAS 

Tustin designated for environmental restoration.  Environmental investigations began at former 

MCAS Tustin, including OU-4B, in 1991.  A Remedial Investigation (RI) Report for OU-1 and 

OU-2 was completed in 1997, including OU-4B sites IRP-5S(a), IRP-6, and IRP-13W.  In 2004, 

OU-4 was separated into OU-4A (sites requiring NFA for soil and groundwater) and OU-4B 

(sites requiring further action for groundwater and NFA for soil).  A ROD/RAP for OU-4A NFA 

sites was finalized in December 2004.  A Final Feasibility Study (FS) Report for OU-4B was 

completed in September 2008. This ROD/RAP documents the final remedial action for 

groundwater and the NFA determination for soil at OU-4B and does not include or affect any 

other sites at the facility. 
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1.1 SELECTED REMEDY 

The CERCLA remedial action selected in this ROD/RAP is necessary to protect the public 

health, welfare, and the environment from actual or potential releases of contaminants from  

OU-4B.  The selected remedial action for OU-4B addresses volatile organic compounds (VOCs) 

in groundwater in the shallow water-bearing zones (WBZs).  Soil at each of the six OU-4B sites 

requires NFA.  The six OU-4B sites comprise two groups: 1) low concentration sites, with VOCs 

in groundwater at concentrations generally less than 20 micrograms per liter (μg/L) and generally 

ranging from 7.4 to 16 μg/L; and 2) moderate concentration sites, with VOCs in groundwater at 

concentrations exceeding 20 μg/L and generally ranging from 23 to 430 μg/L.  Existing 

boundaries for the six OU-4B sites are shown in Figure 1-1.     

 

Figure 1-1   OU-4B Sites and Existing Boundaries 
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OU-4B low concentration sites are IRP-11, IRP-13W, and MMS-04.  The Selected Remedy for 
these sites is Institutional Controls (ICs).  The remedy includes ICs to prohibit or restrict 
groundwater use or other activities that could result in unacceptable exposure to VOCs as well as 
periodic groundwater monitoring to ensure the protectiveness of the remedy and to assess 
whether ICs are still necessary at each site.  OU-4B moderate concentration sites are IRP-5S(a), 
IRP-6, and the MPA.  The Selected Remedy for these sites is In-Situ Bioremediation 
(ISB)/Monitored Natural Attenuation (MNA)/ICs.  The remedy will treat and monitor VOCs in 
groundwater and prohibit or restrict groundwater use or other activities that could result in 
unacceptable exposure to VOCs until remediation goals are achieved.   

The Selected Remedies for OU-4B groundwater are protective of human health and the 
environment, comply with federal and state statutes and regulations that are applicable or 
relevant and appropriate to the remedial action, and are cost-effective.  The selected remedial 
action uses permanent solutions and alternative treatment (or resource recovery) technologies to 
the maximum extent practicable and satisfies the statutory preference for remedies employing 
treatment that reduces the toxicity, mobility, or volume of hazardous substances, pollutants or 
contaminants as a principal element.  Because it will take more than five years for some of the 
OU-4B remedies to achieve remedial action objectives (RAOs) including the remediation goals; 
and during this time, hazardous substances, pollutants, or contaminants will remain on-site above 
concentrations that allow for unlimited use and unrestricted exposure; Five-Year reviews will be 
conducted for these sites to ensure that the remedies remain protective of human health and the 
environment. 

1.2 ROD DATA CERTIFICATION CHECKLIST 

The following information is included in Section 2 of this ROD/RAP.  Additional information 
can be found in the Administrative Record File for OU-4B:    

Data  Section in ROD/RAP 

Chemicals of concern (COCs) and their respective concentrations  2.3 

Risk represented by the COCs  2.5 

Remediation goals established for COCs and the basis for these levels  2.7 

How source materials constituting principal threats are addressed  2.6 

Current and reasonably anticipated future land-use assumptions used in the risk assessment  2.4 

Potential land and groundwater use that will be available at the sites as a result of the 
Selected Remedies 2.9.3 

Estimated capital, annual operation and maintenance (O&M), and total present worth costs; 
discount rate; and the number of years over which the remedy cost estimates are projected  Table 2-4 and Table 2-5 

Key factors that led to selecting the remedy  2.9.1 
 
If previously unknown contamination resulting from Navy activities is discovered after 
execution of this ROD/RAP, the Navy will conduct any necessary actions to ensure continued 
protection of human health and the environment, consistent with CERCLA Section 120(h) (42 
U.S.C. § 96290[h]). 
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2. DECISION SUMMARY 

2.1 SITE DESCRIPTION AND HISTORY 

Former MCAS Tustin encompasses approximately 1,600 acres within central Orange County, 

California (see Figure 1-1). The former station is located approximately 40 miles south of 

downtown Los Angeles and 95 miles north of the United States/Mexico border. Most of the 

former station is located within the City of Tustin, with approximately 95 acres lying within the 

City of Irvine. Former MCAS Tustin is bounded by Red Hill Avenue on the west, Barranca 

Parkway on the south, Edinger Avenue and a railroad right-of-way on the north, and Harvard 

Avenue on the east. Over the last several decades, the area surrounding the station has been 

transformed from primarily agricultural land to a fully developed urban community consisting of 

residences, public institutions, light manufacturing facilities, and business and commercial 

establishments. 

Former MCAS Tustin was initially established by the Navy as a lighter-than-air base to support 

observation blimps and personnel conducting antisubmarine patrols off the California coast 

during World War II.  The facility was commissioned in late 1942 upon completion of two 

timber-framed blimp hangars, buildings that still exist and are currently listed on the National 

Register of Historic Places.  The site served as a lighter-than-air base until 1949, at which time it 

was decommissioned as an active military installation.  In 1951, the facility was reactivated for 

the Korean War and used exclusively to support helicopter operations.  It was officially 

designated the Santa Ana Marine Corps Air Facility (MCAF).  The name of the station has 

changed several times. In 1978, the base was renamed MCAS Tustin to reflect its annexation by 

the City of Tustin; it was redesignated MCAS Tustin in 1986 and MCAF Tustin in October 

1997.  Beginning in 2000, the station was again referred to as MCAS Tustin, and in 2003 as 

former MCAS Tustin.  All military units were transferred from former MCAS Tustin to other 

United States Marine Corps (USMC) installations effective November 1998.  Former MCAS 

Tustin ceased active military operations in July 1999 and closed in accordance with the Defense 

Base Closure and Realignment Act of 1990.   

OU-4B was separated(1) into two groups as low and moderate concentration sites, to take 

advantage of common site characteristics, allowing a more efficient alternatives screening 

process and detailed analysis and comparison of alternatives that are best suited and applicable to 

each group.  IRP-11, IRP-13W, and MMS-04 are the low concentration sites, with VOCs in 

groundwater at concentrations generally less than 20 μg/L and generally ranging from 7.4 to 16 

μg/L.  IRP-5S(a), IRP-6, and the MPA are the moderate concentration sites, with VOCs in 

groundwater at concentrations exceeding 20 μg/L and generally ranging from 23 to 430 μg/L. 

2.1.1 Low Concentration Sites 

IRP-11(2), Drum Storage Area No. 1, is located in the north-central portion of former MCAS 

Tustin at the northwest corner of Copeland Road and Calnan Street (see Figure 2-1).   

IRP-13W(3), Drum Storage Area No. 3, includes AOCs MAE-4 and TOW-X7, both located 

within former Building 98; and ST-14A, ST-14B, ST-14C, and ST-15 located at or near former 

Buildings 575 and 47T (Figure 2-2).  MMS-04(4) consists of Area B and TOW-18-2 at the 

former Auto Hobby Shop, which was formerly used by station personnel for vehicle  
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maintenance.  Area B was described as the area within the fence line of the shop that contained a 

waste oil underground storage tank (UST).  TOW-18-2 is located adjacent to Area B (Figure  

2-3).     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-1   IRP-11 Site Location Map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-2   IRP-13W Site Location Map 
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Figure 2-3   MMS-04 Site Location Map 

2.1.2 Moderate Concentration Sites 

IRP-5S(a)(5), Drainage Area No. 1 – Ditch 5a South, encompasses approximately two acres in 

the southern portion of former MCAS Tustin, southeast of Aircraft Hangar No. 1.  IRP-5S(a) 

formed a part of a culvert system that collected surface water runoff from most of the 

northwestern portion of the former station, with connections to several buildings (see Figure  

2-4).  IRP-6(6), Paint Locker and Drum Storage Area, located in the southern portion of former 

MCAS Tustin, was formerly occupied by Building 250 (see Figure 2-5).  The MPA(7) consists of 

five AOCs, DSS-01, DSS-02, MDA-02, MMS-05, and ST-67 (see Figure 2-6).  DSS-01 and 

DSS-02 are collapsed sanitary sewer lines.  MDA-02 is a small area of observed staining 

surrounding Building 19 (station armory).  MMS-05, Paint Stripper Disposal Area No. 2, was 

used as a paint shop.  ST-67, the Former Hazardous Materials Storage Yard, is the former 

location of a building (Building 63/78) associated with the use, storage, and disposal of 

hazardous materials which has been demolished.    
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Figure 2-4   IRP-5S(a) Site Location Map 

 

Figure 2-5   IRP-6 Site Location Map 
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Figure 2-6   MPA Site Location Map 

 

2.2 SITE CHARACTERISTICS 

The physical setting(8) of former MCAS Tustin is distinguished by its essentially flat 

topography, with a mean elevation of approximately 54 feet above mean sea level (MSL).  

Before it was first developed in 1942, the station consisted of fairly marshy land with a main 

drainage channel located in what is now the middle of the station.  The station was regraded with 

backfill, and an extensive surface and subsurface drainage system was installed.  Regional 

climate, particularly rainfall, evapotranspiration, and net recharge, have a direct bearing on 

groundwater movement at the site.   

Regional geology and hydrogeology(9) is characterized by unconsolidated sedimentary deposits 

including Quaternary floodplain deposits near the ground surface to depths of about 90 to 150 

feet below ground surface (bgs); Pleistocene stream terrace and alluvial deposits to about 300 

feet bgs; and Pleistocene sand, gravel, silt, and clay of the San Pedro Formation to approximately 

1,300 feet bgs.  The average depth to groundwater at OU-4B ranges from approximately 8 to 13 

feet bgs and locally groundwater flows towards the south.  Shallow groundwater occurs 

primarily in the relatively coarser-grained discontinuous lenses of sand and gravel of varying 

thickness and extent within primarily fine-grained floodplain deposits.  The regional aquifer 

occurs as an extensive, well-developed water-bearing sand zone at approximately 90 to 150 feet 

bgs in the vicinity of former MCAS Tustin.  The shallow WBZs(10) at former MCAS Tustin are 

separated from the regional aquifer by a basewide aquitard consisting of a continuous stiff clay 

layer, 10 to 30 feet thick, which effectively impedes hydraulic communication between the 

shallow WBZs and the regional aquifer.   
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Biological surveys(11) were initially conducted at former MCAS Tustin in 1994.  The 1994 study 

noted that the station provided minimal habitat and contained low wildlife diversity.  Field 

surveys conducted during the RI at OU-1 and OU-2 also noted the lack of significant wildlife 

and the degraded habitat.  Therefore, no impacts to ecological receptors were expected. 

2.3 PREVIOUS INVESTIGATIONS 

Previous investigations at the low and moderate concentration sites evaluated potential 

contamination from metals, polynuclear aromatic hydrocarbons (PAHs), and VOCs in soils and 

VOCs in groundwater.    The Final Feasibility Study Report for OU-4B (September 1, 2008) 

summarized previous studies, investigations, and removal actions and included an assessment of 

the occurrence of VOCs in soil and groundwater as well as revised human health risk 

assessments (HHRAs).  Information presented in the FS Report was used to provide the basis for 

the remedies selected in this ROD for OU-4B.  Table 2-1 summarizes previous studies, 

investigations, and removal actions conducted at the OU-4B sites. 

TABLE 2-1   PREVIOUS INVESTIGATIONS AND REMOVAL ACTIONS 

Previous 
Investigation/ 

Removal Action* 
Date Investigation/Removal Action Activities 

Site Inspection (SI) 
[included IRP-5S(a) 
and IRP-13W] 

 

1991-
1993 

The SI focused on shallow soil, sediment in drainage ditches, and groundwater in the first WBZ.  
Sediment samples were collected at evenly spaced intervals throughout the drainage ditches from IRP-
5S(a); and soil gas, soil, and groundwater samples were collected from IRP-13W.  In general, sediment, 
soil, and groundwater samples were analyzed for VOCs, total recoverable petroleum hydrocarbons 
(TRPH) or total petroleum hydrocarbons (TPH), semivolatile organic compounds (SVOCs), 
polychlorinated biphenyls (PCBs)/pesticides, and metals.  The SI results and recommendations were 
used during the Expanded Site Inspection (ESI) and RI. 

Expanded Site 
Inspection (ESI) 

[included IRP-6, 
IRP-11, MMS-04, 
and MPA (MMS-05)] 

 

 

1995-
1996 

The ESI included IRP-6, IRP-11, MMS-04, and one of the AOCs (MMS-05) within the MPA.  Soil 
samples and discrete groundwater samples were collected from the first WBZ and existing monitoring 
wells located adjacent to MMS-05.  A vadose zone fate and transport evaluation was performed using 
an initial screening followed by Vadose Zone Leaching Model (VLEACH) modeling.  Screening HHRAs 
and risks related to the transport of chemicals of potential concern (COPCs) in soil to groundwater (by 
comparing to water quality criteria) were evaluated.  On the basis of the ESI results, NFA was 
recommended for soil at all ESI sites except IRP-6.  An evaluation of contaminant fate and transport was 
also recommended for each site using the RI basewide groundwater model for former MCAS Tustin.  
Soil at IRP-6 was also recommended for additional vadose zone fate and transport evaluation in the RI. 

Resource 
Conservation and 
Recovery Act 
(RCRA) Facility 
Assessment (RFA) 
[MPA] 

1995-
1997 

The RFA included four AOCs within the MPA (DSS-01, DSS-02, MDA-2, and ST-67).  Vadose zone fate 
and transport evaluations were performed using initial screening followed by VLEACH modeling.  
Screening HHRAs and risks related to the transport of COPCs in soil to groundwater (by comparing to 
water quality criteria) were evaluated. Based on results obtained during the RFA, NFA was 
recommended for soil at DSS-01, DSS-02, MDA-2, and ST-67. Groundwater at each site was 
recommended for evaluation under the RI using the basewide groundwater model for former MCAS 
Tustin. 

Removal Action  

at IRP-13W 

1997 In June through September 1997, a non-time-critical removal action was conducted at IRP-13W to 
excavate and remove soil contaminated with PAHs, PCBs, lead, and TPH.  Approximately 4,000 tons of 
contaminated soil were excavated from the upper two feet of the site and either treated at an on-site 
thermal desorption unit (TPH and PAHs), or taken off-site to an approved disposal facility.  

Remedial 
Investigation (RI) for 
OU-1 and OU-2 
[included IRP-5S(a), 
IRP-6, and  
IRP-13W] 

1995-
1997 

 

The RI at IRP-5S(a) included sediment, soil, groundwater, and surface water sampling, and groundwater 
fate and transport evaluations.  Soil and groundwater samples were collected from IRP-13W.  Sediment 
and surface water samples at IRP-5S(a), most groundwater samples, and some soil samples were 
analyzed for VOCs, SVOCs, TRPH, and metals.  A vadose zone fate and transport evaluation was 
performed for IRP-6.  Soil and groundwater samples were collected from IRP-13W.  A groundwater fate 
and transport evaluation was performed for IRP-6 and IRP-13W during the RI as part of the basewide 
groundwater modeling. 
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TABLE 2-1   PREVIOUS INVESTIGATIONS AND REMOVAL ACTIONS 

Previous 
Investigation/ 

Removal Action* 
Date Investigation/Removal Action Activities 

RI for OU-1 and  

OU-2 (continued) 

1995-
1997 

A baseline HHRA was performed for soil and groundwater at IRP-13W and for soil and surface water at 
IRP-5S(a).  An HHRA based on results from fate and transport analyses was performed for IRP-6.  The 
RI provided recommendations for each site based on the results of fate and transport evaluations, 
basewide groundwater modeling, and HHRAs. AOCs MAE-04, TOW-X7, ST-14A, ST-14B, ST-14C, and 
ST-15, which were included within IRP-13W, were recommended for closure as part of the IRP-13W soil 
removal action. 

OU-4 Focused 
Feasibility Study 
(FFS)  

 

2000 In 1999 a draft RAP/Proposed Plan for NFA at 23 IRP sites and AOCs comprising what was then OU-2 
was submitted.  After a detailed reevaluation of groundwater conditions at each OU-2 site/AOC, the 
Navy and regulatory agencies decided to move forward with NFA for 12 sites/AOCs; the remaining 11 
sites/AOCs were designated as OU-4 for further assessment under an FFS.  The 2000 draft OU-4 FFS 
Report included OU-4B sites (IRP-5, IRP-6, IRP-11, and IRP-13W; and AOCs DSS-01, DSS-02,  
MDA-02, MMS-04, MMS-05, and ST-67) and sites now closed under the OU-4A NFA ROD. IRP-5N,  
IRP-5S(a), and IRP-5S(b) were evaluated as one site (IRP-5), and the five MPA AOCs (DSS-01,  
DSS-02, MDA-02, MMS-05, and ST-67) were evaluated separately.  The purpose of the draft FFS was 
to develop and evaluate remedial alternatives to mitigate risks to human health and the environment and 
define the scope of potential cleanup activities.  

OU-4 Shallow 
Groundwater 
Investigation 

2003 Additional groundwater sampling, groundwater modeling and HHRAs for OU-4 sites was conducted in 
2003 and presented in the OU-4 Shallow Groundwater Investigation Technical Memorandum in 2004.     
Results from the 2003 investigation indicated that VOCs were present in groundwater at elevated 
concentrations in the southern portion of the MPA, where they had previously been interpreted to be at 
lower concentrations. Results from this investigation also indicated that trichloroethene (TCE) was 
present in groundwater at concentrations approaching 170 μg/L at IRP-5S(a), and that VOCs had 
migrated beyond site boundaries, where previous investigations indicated a maximum VOC 
concentrations at 6 μg/L at one location.  

HHRAs were updated for IRP-5S(a), IRP-11, IRP-13W, MMS-04, and the MPA to evaluate the overall 
combined risks (i.e., cumulative risk) to residents from exposure to soil and groundwater at each site 
under current conditions using both U.S. EPA and Cal/EPA toxicity factors assuming beneficial 
groundwater use. The HHRAs used historical data as well as data collected during the 2003 shallow 
groundwater investigation. The residential scenarios with beneficial groundwater use assume domestic 
use of groundwater over a 30-year period. 

Based on results from this and previous investigations, the Navy elected to subdivide OU-4 into OU-4A 
and OU-4B sites to expedite the overall site closure process.  OU-4A sites recommended for NFA 
included IRP-5N, IRP-5S(b), IRP-8, IRP-11 (Area A), IRP-16, and MMS-04 (Areas A and C), these sites 
were included in an NFA ROD/RAP which was finalized in December 2004.  OU-4B sites recommended 
for further groundwater action included IRP-5S(a) (Drainage Area No. 1 – Ditch 5a South), IRP-6 (Paint 
Locker and Drum Storage Area), IRP-11 (Drum Storage Area No. 1), IRP-13W (Drum Storage Area No. 
3 Auto Hobby Shop), and the MPA (including DSS-01, DSS-02 [proximity], MDA-02, MMS-05, and  
ST-67). 

Basewide 
Groundwater 
Monitoring  

[included IRP-5S(a), 
IRP-6, and MPA] 

2005-
2006 

Basewide groundwater monitoring continued from 2005 through 2006 to facilitate evaluation of 
dissolved-phase VOCs in groundwater and potential plume migration.  First WBZ monitoring results at 
IRP-5S(a) indicated the presence of a dissolved TCE plume approximately 920 feet long in a north-south 
direction and 250 feet wide in an east-west direction.  Monitoring results at IRP-6 indicated that  
1,1-dichloroethene (DCE) and TCE were present in first WBZ samples from three and two wells, 
respectively, at concentrations exceeding respective maximum contaminant levels (MCLs). In second 
WBZ well I006MW01D, 2005–2006 monitoring results have typically been nondetect for VOCs, with only 
infrequent detections of TCE, 1,1-DCE, and 1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) at estimated 
concentrations, slightly exceeding method detection limits.  First WBZ monitoring results from 1999 
through 2006 at IRP-6 indicated relative stability in concentration trends for most VOCs and the lateral 
extent of the 1,1-DCE groundwater plume. The concentration of Freon 113 in well I006MW02S has 
increased to near the California MCL.  2006 monitoring results from the MPA continued to indicate TCE 
in the first WBZ as the only VOC reported in groundwater at concentrations exceeding its MCL. 
Monitoring results at the MPA from 1996 through 2006 for in-plume wells have been fairly stable. 
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TABLE 2-1   PREVIOUS INVESTIGATIONS AND REMOVAL ACTIONS 

Previous 
Investigation/ 

Removal Action* 
Date Investigation/Removal Action Activities 

IRP-5S(a) 
Microcosm Study 

 

2007 A microcosm study was performed to assess whether TCE could serve as a terminal electron acceptor 
and undergo reductive dechlorination through respiration by naturally occurring anaerobic bacteria in 
groundwater beneath IRP-5S(a).  The study consisted of a sampling and analysis program and bench-
scale testing to establish natural groundwater conditions.  The bench-scale testing included introduction 
of low molecular-weight carbon food sources, but did not include analysis for the presence of naturally 
occurring bacteria or bioaugmentation with dechlorinating bacterial cultures.   

The primary findings of the microcosm study indicated that: 1) limited anaerobic biodegradation of TCE 
(12 to 36 percent) could potentially occur in groundwater beneath IRP-5S(a), 2) high concentrations of 
sulfate in groundwater would likely interfere with TCE dechlorination, and 3) artificial food source 
supplements (i.e., lactate, glucose, or Cytosol) would appear to have little effect on potential TCE 
dechlorination. 

OU-4B 
Supplemental 
Investigation 

[included IRP-6 and 
MPA] 

2007 At IRP-6, a total of 79 direct-push borings were installed to a total depth of 25 feet bgs in the first WBZ, 4 
borings to a total depth of 44 feet bgs in the second WBZ, and 5 temporary prepacked screen monitoring 
wells to a total depth of 25 feet bgs in the first WBZ.  At the MPA, direct-push drilling was used to 
advance ten borings to a total depth of 44 feet bgs in the second WBZ while sonic boring techniques 
were used to drill one boring to a depth of 60 feet bgs in the second WBZ and one boring to 90 feet bgs 
in the third WBZ.  In addition, two permanent monitoring wells were installed to depths of 30 feet bgs in 
the first WBZ at IRP-6 while three permanent monitoring wells were installed to depths of 44 feet bgs in 
the second WBZ at the MPA.  

Results of the investigation at IRP-6 indicated 1,1-DCE and TCE exceeded respective MCLs in the first 
WBZ within the main 1,1-DCE plume area; in the east and west areas of newly constructed Park 
Avenue; and in the area northwest of Jamboree Road.  Maximum 1,1-DCE and TCE concentrations 
were reported in the main 1,1-DCE plume north of Park Avenue. The extent of VOCs in the areas east 
and west of the main 1,1-DCE plume along Park Avenue appeared to be limited to minor, isolated areas 
of suspected contamination only. The extent of VOCs in the area immediately northwest of Jamboree 
Road appeared to be limited to a somewhat irregularly shaped area of suspected contamination.  
Results from soil samples collected during the Supplemental Investigation in the main 1,1-DCE plume 
area and in the area northwest of Jamboree Road indicated that soil in these areas was not a potential 
source for continuing impacts to groundwater.   

At the IRP-6 main 1,1-DCE plume area, VOC impacts to first-WBZ groundwater were found to extend 
slightly farther west than was estimated from previous investigations.  The southern extent of the plume 
appeared unchanged, and the plume does not appear to be migrating south.  No impacts were noted in 
the second WBZ (44 feet bgs) south of the main 1,1-DCE plume.  As such, groundwater within the 
second WBZ at IRP-6 does not appear to have been impacted by VOCs at concentrations exceeding 
MCLs.  Based on very low concentrations of only a few VOCs, which did not include TCE (except for 0.4 
micrograms per kilogram in one sample), or 1,1-DCE, none of the soil boring locations were considered 
to be potential sources for impacts to groundwater.    

At the MPA, TCE concentrations in second-WBZ samples ranged from 0.12 to 35 μg/L in direct-push 
borings and newly installed monitoring wells.  Based on these and previous investigation results, the 
TCE plume in the second WBZ was revised to extend to approximately 550 feet in a northeast-
southwest direction.  In contrast, TCE reported in the third-WBZ sample was 1.1 μg/L, indicating that the 
third WBZ has not been impacted by TCE at concentrations exceeding its 5 μg/L MCL. 

Replacement 
Monitoring Well 
Installation and 
Sampling  

IRP-5S(a) and  
IRP-6  

2007 Four monitoring wells at IRP-5S(a) and two monitoring wells at IRP-6 were installed at the southern end 
of the existing 1,1-DCE plume in the first WBZ (25 to 30 feet bgs) to replace former monitoring wells at 
locations that were abandoned. The wells were installed to monitor the extent of VOC impacts on 
groundwater in that area. 

TCE was reported in three of the four wells at IRP-5S(a) at concentrations exceeding the MCL, and 
ranged from 14 to 89 μg/L.  1,1-DCE was reported in one sample collected from the replacement wells 
installed at the IRP-6 main 1,1-DCE plume area at a concentration of 11 μg/L. 
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TABLE 2-1   PREVIOUS INVESTIGATIONS AND REMOVAL ACTIONS 

Previous 
Investigation/ 

Removal Action* 
Date Investigation/Removal Action Activities 

Extraction Test Well 
Installation, Aquifer 
Testing, and 
Sampling  

IRP-5S(a) 

2007 Aquifer testing was conducted at IRP-5S(a) to further characterize aquifer hydraulic properties at the 
site.  Groundwater analytical results indicated TCE concentrations from extraction and observation wells 
within the TCE plume ranged from 1.1 to 89 μg/L and did not change appreciably between samples 
collected before and after aquifer testing. The reported concentrations were consistent with results 
reported during previous quarterly groundwater monitoring events conducted at IRP-5S(a). 

Based on the investigation, it was concluded that: 1) the first WBZ is a semiconfined aquifer with 
moderate water permeability (2.8 to 5.0 centimeters per second) and a southerly flow direction; 2) the 
TCE plume within the first WBZ is approximately 300 feet wide and 800 feet long; 3) alluvial sediments 
within IRP-5S(a) likely contain total organic carbon (up to 1,200 milligram per kilogram) sufficient to 
cause retardation of the TCE plume’s migration due to partitioning onto the aquifer matrix; and 4) the 
radius of influence during aquifer testing was approximately 450 to 650 feet. 

Final OU-4B 
Feasibility Study (FS) 

2008 

 

The FS was performed to address VOCs reported in groundwater at concentrations exceeding 
remediation goals at the OU-4B sites and to develop and evaluate remedial alternatives.   

Proposed Plan 2009 Results of the FS, in conjunction with other site-specific information, were used by the Navy to propose 
appropriate/preferred remedies for the six OU-4B sites.  The Navy invited the public to comment on the 
proposed cleanup plan for contaminated groundwater at OU-4B. 

* The documents listed are available in the publicly accessible Administrative Record and provide detailed information which is used to 
support remedy selection at OU-4B. 

 

As a result of a soil removal action in 1997, COCs in soil at IRP-13W were removed and no 

longer pose an unacceptable risk at the site.  Based on the results from previous investigations 

and removal actions, VOCs(12) were the only COCs identified for groundwater; no COCs were 

identified for soil.  TCE was identified as a COC in first-WBZ groundwater for all six OU-4B 

sites and second-WBZ groundwater at the MPA.  1,1-DCE was also identified as a COC in first-

WBZ groundwater at IRP-6.  Results of the groundwater modeling(13) performed during the FS 

to estimate potential plume migration at each of the OU-4B sites are presented below.  All 

plumes were evaluated under a no action (baseline) scenario and assuming natural attenuation (a 

10-year VOC half-life).  A hydraulic containment alternative was also evaluated for IRP-5S(a) 

and the MPA.  All simulations assumed continuous operation of the OU-1A and OU-1B 

remediation systems in the future. 

2.3.1 Low Concentration Sites 

IRP-11.  Maximum reported TCE concentrations in groundwater decreased over time from 15 

μg/L in 1996 to 8.5 μg/L in 2003.  The approximate areal extent of TCE in first-WBZ 

groundwater at concentrations exceeding the MCL (5 μg/L) is 190 by 50 feet, with the long axis 

trending north-south (see Figure 2-1).  The mass of TCE in groundwater was estimated at 

approximately 0.12 kilograms.  Groundwater modeling indicated that TCE could migrate 

approximately 150 feet downgradient.  TCE concentrations would decrease from 8.5 μg/L to 

below the MCL of 5 μg/L in less than 24 years under the baseline scenario.  Assuming natural 

attenuation, maximum TCE concentrations would decrease below the MCL in approximately 18 

years.  TCE at concentrations exceeding the MCL at IRP-11 would attenuate and not migrate 

farther downgradient within this time frame.   

Hyperlink%20References/GWmodel.pdf
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IRP-13W.  Maximum reported TCE concentrations in groundwater decreased from 25 μg/L in 

1996 to 16 μg/L in 2003.  The approximate areal extent of TCE in first-WBZ groundwater at 

concentrations exceeding the MCL (5 μg/L) is 270 by 150 feet, with the long axis trending 

northeast-southwest (see Figure 2-2).  The mass of TCE in groundwater was estimated at 

approximately 0.71 kilograms.  The downgradient portion of the TCE plume is comingled with 

the northern upgradient portion of a 1,2,3-trichloropropane (TCP) plume from IRP-13S.  

Groundwater modeling indicated that maximum TCE concentrations would decrease from 16 to 

6 μg/L within approximately 30 years, and would decrease below the MCL within approximately 

36 years under the baseline scenario.  The IRP-13W plume would attenuate more quickly (before 

30 years) under natural attenuation.  The plume at IRP-13W is in close proximity to OU-1A and 

would be completely contained and captured by its operating hydraulic containment system and 

remain entirely within the area of ICs established for OU-1A.   

MMS-04.  TCE was reported in two grab groundwater samples collected from the first WBZ at 

one location at concentrations of 18 µg/L in 1996 and 7.4 µg/L in 2003.  The approximate areal 

extent of TCE in the first WBZ at concentrations exceeding the MCL (5 μg/L) is 20 by 12 feet, 

trending northeast-southwest (see Figure 2-3).  The mass of TCE in groundwater was estimated 

at approximately 0.026 kilograms.  Groundwater modeling indicated that the concentration of 

TCE would decrease from 7.4 μg/L to below the MCL within approximately 5 years under both 

the baseline and natural attenuation scenarios.  The plume at MMS-04 is in close proximity to 

OU-1A and would be completely contained and captured by its operating hydraulic containment 

system and remain entirely within the area of ICs established for OU-1A.  Based on discussions 

with regulatory agencies, one monitoring well will be installed in the first WBZ at this location 

and sampled for VOCs for one year; if concentrations of TCE reported in this well do not exceed 

5 μg/L, then the site will be recommended for NFA. 

2.3.2 Moderate Concentration Sites 

IRP-5S(a).  The maximum concentration of TCE reported was 193 μg/L from monitoring well 

I005-MW5S in March 2005.  The approximate areal extent of TCE in first-WBZ groundwater 

exceeding the MCL (5 μg/L) is approximately 850 by 330 feet trending north-south (see Figure 

2-4).  The mass of TCE in groundwater was estimated at approximately 5.0 kilograms.  

Maximum TCE concentrations would decrease from 193 to 94 μg/L within approximately 30 

years and to 74 μg/L within approximately 100 years under no action. The plume is predicted to 

migrate downgradient approximately 180 feet in 30 years and approximately 560 feet within 100 

years.  Groundwater modeling indicated that maximum concentrations of TCE would decrease to 

76 and 45 μg/L within approximately 30 and 100 years, respectively, under natural attenuation.  

Under a hydraulic containment scenario, one well extracting groundwater at 3 gallons per minute 

would capture the plume and prevent any future downgradient migration; maximum TCE 

concentrations would be reduced to 91 and 19 μg/L within approximately 30 and 100 years, 

respectively.   

IRP-6.  1,1-DCE and TCE concentrations at the main 1,1-DCE plume are currently as high as 

179 and 12 μg/L, respectively, based on monitoring well data collected from 2006 to present.  

The approximate areal extent of 1,1-DCE in first-WBZ groundwater exceeding the MCL  

(6 μg/L) is 230 by 70 feet trending north-south(see Figure 2-5).  The mass of 1,1-DCE and TCE 

in groundwater were estimated at approximately 0.41 and 0.089 kilograms, respectively.  
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Groundwater modeling performed during the FS indicated that maximum concentrations of  

1,1-DCE at IRP-6 would decrease from 400 to 59 μg/L within approximately 30 years and to 20 

μg/L within approximately 100 years under no action.  The plume was predicted to migrate 

downgradient approximately 380 feet in 30 years and approximately 1,050 feet within 100 years 

under no action.  Maximum concentrations would decrease to 50 and 11 μg/L within 

approximately 30 and 100 years, respectively, and the plume would migrate downgradient 

approximately 950 feet in 100 years under natural attenuation.  The monitoring results from 1999 

through 2006 at IRP-6 indicated relative stability in concentration trends for most VOCs and the 

lateral extent of the 1,1-DCE groundwater plume.  Results of the 2007 Supplemental 

Investigation at IRP-6 indicated that 1,1-DCE and TCE exceeded their respective MCLs in the 

first WBZ within the main 1,1-DCE plume area; the east and west areas of newly constructed 

Park Avenue; and the area northwest of Jamboree Road.  Results from groundwater samples 

collected during the Supplemental Investigation along Park Avenue, east and west of the main 

1,1-DCE plume, indicated that the extent of VOCs in the first WBZ appeared to be limited to 

minor, isolated areas of suspected contamination only. Results from the first WBZ in the area 

immediately northwest of Jamboree Road from direct-push borings, temporary direct-push 

prepacked screen wells, and permanent monitoring wells indicated that VOCs appeared to be 

limited to a somewhat irregular shaped area of suspected contamination.   

MPA. The approximate areal extent of TCE in first- and second-WBZ groundwater impacted by 

TCE exceeding the MCL (5 μg/L) is approximately 2,130 by 340 feet trending north-south (see 

Figure 2-6).  The mass of TCE in groundwater was estimated at approximately 6.7 kilograms.  

Maximum concentrations of TCE reported in the first WBZ at the MPA have decreased from 46 

μg/L in 1999 to 23 μg/L in 2006.  The maximum concentration of TCE reported in the second 

WBZ is 34 μg/L (estimated concentration) from monitoring well I0MPMW01D in 2007.  The 

maximum concentration of TCE reported in the third WBZ is 1.1 μg/L in 2007.  The TCE 

plumes in the first and second WBZs are predicted to migrate downgradient approximately 200 

and 150 feet, respectively, within 30 years and approximately 450 to 750 feet within 100 years.  

Groundwater modeling indicated that maximum TCE concentrations within the first and second 

WBZs would decrease to 19 and 13 μg/L, respectively, in 30 years under the baseline scenario, 

but would still exceed the MCL for more than 100 years in the first WBZ and 80 years in the 

second WBZ.  Maximum concentrations in the first and second WBZs would decline to 18 and 

12 μg/L, respectively, at 30 years and 9 μg/L in the first WBZ at 100 years and nondetect levels 

in the second WBZ at 67 years under natural attenuation. 

2.4 CURRENT AND POTENTIAL FUTURE LAND AND RESOURCE USES 

In accordance with the Defense Base Closure and Realignment Act of 1990, former MCAS 

Tustin was determined to be excess to the long-term needs of the USMC in 1991 and 

operationally closed in July 1999.  The City of Tustin was recognized by the U.S. Department of 

Defense as the Local Redevelopment Authority (LRA) responsible for redevelopment and 

reuse(14) of the former base.  In 1996, the LRA prepared a Reuse Plan (RP) which was 

supplemented with an errata in September 1998.  The RP designated the preferred reuse and 

transfer mechanism for each parcel at the station.  The RP was approved by the United States 

Department of Housing and Urban Development on March 24, 1998.  The Specific Plan (SP) 

portion of the planning document was adopted by the Tustin City Council in 2003 and amended 

in 2005, 2006, and 2007 to establish zoning for the former base. 
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In May of 2002, the Navy transferred the majority of former MCAS Tustin property (including 

property surrounding OU-4B sites) to the City of Tustin.  Property remaining under control of 

the Navy includes areas where environmental responses are under way and are designated as 

carve-out (CO) areas.  CO areas have been leased in accordance with the Finding of Suitability 

to Lease (FOSL) and a lease in furtherance of conveyance (LIFOC) pending completion of 

ongoing environmental investigation/response actions. 

CO areas, current use, and potential future site use at each of the OU-4B sites are described 

below. 

 IRP-11 is located within CO-5 and consists of undeveloped land.  According to the City 

of Tustin SP/RP, IRP-11 is located in an area designated for reuse as an urban regional 

park.  

 The majority of IRP-13W is undeveloped land within CO-5 and has been leased to the 

City of Tustin under a LIFOC.  The remaining portion of IRP-13W was conveyed as an 

early transfer pursuant to a Finding of Suitability for Early Transfer (FOSET) and is 

currently developed as residential property.  According to the City of Tustin SP/RP, the 

portion of IRP-13W within CO-5 is designated for reuse as a community park.  

 MMS-04 is located within CO-5 and consists of undeveloped land.  According to the City 

of Tustin SP/RP, MMS-04 is in an area designated for reuse as a sheriff’s law 

enforcement training facility.   

 A portion of IRP-5S(a) is located within CO-9 and has been leased to the City of Tustin 

under a LIFOC.  The remaining portion of the site is located outside of the CO and has 

already been transferred to the City of Tustin pursuant to a Finding of Suitability to 

Transfer (FOST).  Additional contamination was discovered after conveyance of this 

portion of transferred property; the Navy has notified the transferee and is responding to 

the contamination identified outside of the CO pursuant to CERCLA § 120 (h).  IRP-

5S(a) consists of undeveloped and developed property, including roadways and parking 

lots supporting commercial development.  According to the City of Tustin SP/RP, IRP-

5S(a) is in an area designated for reuse as commercial business.  While various 

commercial business land uses would be permitted within proximity of IRP-5S(a), other 

types of uses, including residential, public/institutional, and recreational uses, could be 

developed on all or a portion of the property where IRP-5S(a) is located as permitted 

within Specific Plan Planning Area (Section 3.9.2).   

 The main 1,1-DCE plume at IRP-6 is located within CO-2 and has been leased to the City 

of Tustin under a LIFOC.  Other areas associated with IRP-6 are located outside of CO-2 

and have been transferred to the City of Tustin pursuant to a FOST.  Additional 

contamination was discovered after conveyance of this portion of transferred property; 

the Navy has notified the transferee, and is responding to the contamination identified 

outside of the CO pursuant to CERCLA § 120 (h).  IRP-6 consists of commercial 

development, including parking lots, streets, and minor landscaping associated with 

adjacent business.  The future use is consistent with the current use.   
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 MPA is located within CO-5 and consists of undeveloped property, including vacant 

buildings and blimp hangar #1 (Building 28).  A portion of the MPA has been leased to 

the City of Tustin under a LIFOC.  The area under LIFOC is designated for reuse as 

commercial and the remaining portion is designated for reuse as a future urban park.  

There are no streams or surface water bodies or areas of archaeological or historical importance 

at the OU-4B sites.  However, Hangar 28 and Building 28A (also known as the. Hangar 28 

Complex) are within the vicinity of the Mingled Plumes Area and were included on the National 

Register of Historic Places in 1975.  Former MCAS Tustin is located in the Irvine Groundwater 

Management Zone and the regional aquifer underlying it has the following beneficial use 

designations: 

- municipal and domestic supply (including drinking water supply) 

- agricultural supply 

- industrial service supply 

- industrial process supply 

The Basin Plan(15) does not differentiate groundwater beneficial uses on the basis of depth.   The 

Water Quality Objectives for the Irvine Groundwater Management Zone, as presented in the 

Basin Plan, are applicable requirements for remediation of OU-4B groundwater in the regional 

aquifer. 

2.5 SUMMARY OF SITE RISKS  

The conceptual site model(16) (CSM) for each of the OU-4B sites are similar.  Primary release 

sources included the following: drums of chemicals and various fluids at IRP-11 and IRP-13W; 

former waste oil UST and TOW at MMS-04; drainage of fuels, oils, lubricants, and solvents 

through building floor drains at IRP-5S(a); possible spills, leaks or unauthorized dumping at 

IRP-6; and AOCs that stored fuels, oils, and solvents at the MPA.  Primary release mechanisms 

to the environment at all of the OU-4B sites are assumed to have included infiltration and 

percolation through the unsaturated zone to the groundwater table.  No secondary sources or 

release mechanisms are known to exist.  The exposure medium and potential exposure pathways 

for human and ecological receptors were refined in the CSM based on risk assessments.   

2.5.1 Human Health Risk Assessment 

OU-4B sites, as well as other sites and AOCs at former MCAS Tustin were initially investigated 

during the ESI, the RFA, and the RI for OU-1 and OU-2 (see Table 2-1).  Soil and groundwater 

risk at IRP-6(17) was determined during the ESI.  A baseline HHRA(18) was conducted for  

IRP-5S(a), IRP-11, IRP-13W, MMS-04, and the MPA during the OU-4 shallow groundwater 

investigation in 2003.  These HHRAs performed a dual-calculation of risk based on U.S. EPA 

and Cal/EPA toxicity values.     

A hypothetical residential exposure scenario, the most conservative scenario, was evaluated 

during the HHRAs.  Sites that do not pose a risk under a residential exposure would not pose a 

risk under other lower exposure frequency and intensity land-use scenarios such as industrial or 

recreational.  Exposure conditions used in the estimation of risk were chosen to represent 

reasonable maximum exposure (RME) conditions; this tends to overestimate risk, and was done 



 

ROD for OU-4B 2-14 BAI.5106.0013.0008 
Former MCAS Tustin 

deliberately to provide a margin of safety when making risk management decisions.  The risk 

assessments were designed to provide a margin of safety to protect human health by using 

conservative assumptions so that risks are not underestimated. An example of a conservative 

exposure assumption is that a person would ingest soil for 350 days per year for 30 years. 

The NCP requires the baseline risk assessment to provide risk managers with an understanding 

of the actual or potential risks to human health and the environment and uncertainties associated 

with the assessment.  The total risk using all the potential exposure pathways represent the total 

lifetime cancer risk which include ingestion of soil; dermal contact with soil; inhalation of 

particulates released from soil; inhalation of chemical vapors released from soil to indoor air; 

inhalation of chemical vapors released from groundwater to indoor air during household water 

use (showering, laundering, dishwashing, etc.); ingestion of groundwater; and dermal contact 

with groundwater.   

The NCP states that, for known or suspected carcinogens, acceptable exposure levels are those 

that represent an excess upper-bound lifetime cancer risk to an individual of between 1 in 10,000 

(10
-4

) and 1 in 1,000,000 (10
-6

).  The role of the U.S. EPA OSWER Directive (9355.0-30) is to 

clarify risk management decisions.  It points out that the upper boundary of the risk range  

(1 x 10
-4

) is not a discrete line and risk estimates around this value may be considered acceptable 

based on site-specific conditions.  The 10
-6 

value is used as the point of departure for determining 

remediation goals when applicable or relevant and appropriate requirements (ARARs) are not 

available or are not sufficiently protective because of the presence of multiple contaminants at a 

site or multiple exposure pathways.  The maximum acceptable exposure for noncancer risk has 

been interpreted as one that is equal to the maximum estimated nontoxic exposure level.  

Accordingly, a hazard index (HI) less than 1 is acceptable.   

Total U.S. EPA lifetime cancer risks for all OU-4B sites exceed the generally acceptable cancer 

risk range of between 10
-4

 and 10
-6

 (IRP-11: 3 x 10
-4

; IRP-13W: 5 x 10
-4

; MMS-04: 7 x 10
-4

; 

IRP-5S(a): 1 x 10
-3

; IRP-6: 3 x 10
-3

; and MPA: 6 x 10
-4

).  Non-cancer HIs for all six OU-4B sites 

exceed the threshold value of 1 (IRP-11: 4; IRP-13W: 6; MMS-04: 7; IRP-5S(a): 8; IRP-6: 71; 

and MPA: 6).    

Medium-specific cancer risks and HIs were considered separately for soil and groundwater at 

each of the OU-4B sites to evaluate if further action was warranted.   

2.5.1.1 Soil  

IRP-11.  The total U.S. EPA lifetime cancer risk for soil was estimated at 3 x 10
-6

 which is 

within the NCP generally acceptable range (10
-6

 to 10
-4

); the noncancer HI was estimated to be 2.  

The only principal non-cancer risk driver in soil is manganese, a naturally occurring mineral in 

soil; it occurs within background concentrations at the site and is not site-related.  On this basis, 

the Navy and their Base Realignment and Closure (BRAC) Cleanup Team (BCT) regulatory 

partners determined that soil at IRP-11 required NFA. 

 

IRP-13W.  The total U.S. EPA lifetime cancer risk for soil was estimated at 3 x 10
-5

 which is 

within the NCP generally acceptable range (10
-6

 to 10
-4

); the noncancer HI was estimated to be 3.  

The only principal non-cancer risk driver in soil is manganese, a naturally occurring mineral in 
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soil; it occurs within background concentrations at the site and is not site-related. On this basis, 

the Navy and their BCT regulatory partners determined that soil at IRP-13W required NFA. 

 

MMS-04.  The total U.S. EPA lifetime cancer risk for soil was estimated at 6 x 10
-7

 and does not 

exceed the NCP point of departure for acceptable risks (10
-6

); the noncancer HI was estimated to 

be 2.  Although the noncancer HI exceeds the HI threshold value of 1, the only principal risk 

driver is iron.  There is no historic evidence of on-site disposal of iron, and concentrations of iron 

in soil were reported to be below background threshold values reported in the ESI Report.  On 

this basis, the Navy and their BCT regulatory partners determined that soil at MMS-04 required 

NFA. 

 

IRP-5S(a). The total U.S. EPA lifetime cancer risk for soil was estimated at 7 x 10
-5

 which is 

within the NCP generally acceptable range (10
-6

 to 10
-4

); the noncancer HI did not exceed the 

threshold value of 1.  On this basis, the Navy and their BCT regulatory partners determined that 

soil at IRP-5S(a) required NFA. 

 

IRP-6.  The total U.S. EPA lifetime cancer risk for soil was estimated at 5 x 10
-5

.  After 

subtracting the contribution of metals at their background concentrations the incremental cancer 

risk was estimated to be 2 x 10
-5

.  These estimated risks are within the NCP generally acceptable 

range (10
-6

 to 10
-4

).  The noncancer HI from exposure to soil was estimated to be 3.  Although 

the HI exceeds the threshold value of 1, the principal risk drivers are manganese and arsenic.  

Data presented in the ESI indicated that manganese and arsenic are naturally occurring and did 

not result from site-related activities.  On this basis, the Navy and their BCT regulatory partners 

determined that soil at IRP- 6 required NFA. 

 

MPA.  The total U.S. EPA lifetime cancer risk for soil was estimated at 3 x 10
-5

 which is within 

the NCP generally acceptable range (10
-6

 to 10
-4

).  The noncancer HI from exposure to soil was 

estimated to be 2.  Although the HI exceeds the HI threshold value of 1, the only principal risk 

driver is manganese.  Data presented in the ESI and RFA Reports indicated that manganese is 

naturally occurring and did not result from site-related activities.  On this basis, the Navy and 

their BCT regulatory partners determined that soil at MPA required NFA. 

 
2.5.1.2 Groundwater 

The total U.S. EPA lifetime cancer risk for groundwater at all OU-4B sites exceed the generally 

acceptable cancer risk range (IRP-11: 3 x 10
-4

; IRP-13W: 5 x 10
-4

; MMS-04: 7 x 10
-4

; IRP-5S(a): 

1 x 10
-3

; IRP-6: 3 x 10
-3

; and MPA: 6 x 10
-4

).  The groundwater risks are essentially the same as 

the total risks because the soil risks are at least one order of magnitude lower. 

The HIs for all six OU-4B sites exceed the threshold value of 1 (IRP-11: 2; IRP-13W: 3;  

MMS-04: 5; IRP-5S(a): 8; IRP-6: 68; and MPA: 4).    

Groundwater cancer risk at all the OU-4B sites except IRP-6 is driven by TCE.  Groundwater 

risk at IRP-6 is driven by 1,1-DCE. 

On this basis, further action was recommended for groundwater at all six OU-4B sites. 
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TABLE 2-2   TOTAL U.S. EPA LIFETIME CANCER RISK AND HAZARD INDEX FOR UNLIMITED 

USE AND UNRESTRICTED EXPOSURE 

Exposure Medium U.S. EPA Cancer Risk Hazard Index 

IRP-11   

Soil 3  10-6 2 

Groundwater  3  10-4 2 

Total  3  10-4 4 

IRP-13W   

Soil 3  10-5 3 

Groundwater  5  10-4 3 

Total  5  10-4 6 

MMS-04   

Soil 6  10-7 2 

Groundwater  7  10-4 5 

Total  7  10-4 7 

IRP-5S(a)   

Soil 7  10-5 < 1 

Groundwater  1  10-3 8 

Total  1  10-3 8 

IRP-6   

Soil 5  10-5 3 

Groundwater  3  10-3 68 

Total  3  10-3 71 

MPA   

Soil 3  10-5 2 

Groundwater  6  10-4 4 

Total  6  10-4 6 

 
2.5.1.3 Uncertainty Analyses 

Each component of the baseline HHRA (selection of COPCs, exposure assessment, toxicity 

assessment, and risk characterization) involves uncertainties that result from intrinsic 

measurement errors, the number of samples collected or their locations, literature based exposure 

and toxicity values used to calculate risk, the use of models in lieu of actual data, and risk 

characterization across multiple media and exposure pathways.  Uncertainties may cause the 

overestimation or underestimation to varying degrees of the actual cancer risk and HI. 

Accordingly, the risk estimates should not be taken as absolute indicators of whether adverse 

health effects could occur. In general, the risk assessment process is based on conservative 

(health-protective) assumptions that, when combined, are intended to overestimate the risk. 

2.5.1.4 Indoor Air Inhalation Pathway 

As part of the FS, the HHRA was updated to exclusively evaluate indoor air inhalation risk(19) 

under a scenario assuming no residential consumption of groundwater.  Consequently, there 

would be no pathways associated with inhalation of vapors volatilizing from groundwater during 

bathing, laundering, etc. under this scenario.  This represents a more reasonable approach, given 

that shallow groundwater at former MCAS Tustin is of poor quality and yield and is unlikely to 

be used as a future domestic water supply.  Moreover, the Selected Remedies for all OU-4B sites 

include ICs, which would prevent exposure to contaminated groundwater. 
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The indoor air inhalation exposure pathway consists of volatilization of VOCs from both soil and 

groundwater, followed by vertical migration of the soil vapor from the subsurface through a 

building slab/concrete (especially seams and cracks), and intrusion into the hypothetical future 

residential building space.  Indoor air concentrations were estimated using U.S. EPA’s Johnson 

and Ettinger vapor intrusion model.  Risks calculated from the 2004 HHRA were used to 

evaluate migration from subsurface soil.  Maximum concentrations of volatile COPCs in 

groundwater were used to calculate risks for groundwater.  

The total U.S. EPA lifetime cancer risks for soil and groundwater combined for a potential 

indoor air inhalation pathway assuming no domestic groundwater use are either acceptable (less 

than 10
-6

) or within the NCP generally acceptable range (10
-6

 to 10
-4

) for all OU-4B sites  

(IRP-11: 3 x 10
-6

; IRP-13W: 2 x 10
-6

; MMS-04: 9 x 10
-7

; IRP-5S(a): 4 x 10
-6

; IRP-6: 2 x 10
-6

; 

and MPA: 2 x 10
-6

).  Estimated noncancer HIs for all six OU-4B sites were well below the 

threshold value of 1.  

These estimated risk values are primarily driven by the use of a provisional U.S. EPA toxicity 

factor for TCE. Soil gas data (not available) are generally preferred by U.S. EPA for estimating 

vapor migration, and usually result in lower estimated risks than when groundwater data are used 

because the groundwater model does not incorporate any factors for attenuation of VOC 

concentrations in soil during upward migration.  U.S. EPA cancer risks for IRP-11 and IRP-13W 

that exceed 1 x 10
-6

 are associated with TCE in soil; it should be noted that soil data were 

collected in 1995-1996, and VOC concentrations in soil are expected to be lower than those 

reported at that time. 

2.5.2  Ecological Risk Assessment 

Field surveys conducted during the RI at OU-1 and OU-2 noted the lack of significant wildlife 

and the degraded habitat at most of the station, but did identify the potential for ecological 

receptors at the drainage ditches at IRP-5.  On this basis, an ecological risk assessment was 

conducted during the RI at the three drainage ditches at IRP-5 (IRP-5S[a], IRP-5S[b] and  

IRP-5N).  Contaminant concentrations reported in soil, sediment, and surface water samples 

collected from the ditches were used in the assessment.  Hazard quotients were found to exceed 1 

for some chemicals for the mallard duck and least sandpiper.  However, given the limited size of 

the ditches and realistically low potential exposure to avian receptors, it was concluded in the RI 

that the ditches, including IRP-5S(a), do not appear to pose a significant ecological risk to 

wildlife.  Recent redevelopment at former MCAS Tustin has included infilling of San Joaquin 

ditch and its tributary ditches (south ditch and downstream portion of north ditch) in the vicinity 

of OU-4B sites IRP-5S(a) and IRP-6.  Consequently, there is no longer surface water and related 

habitat at these particular locations.  Therefore, no impact to ecological receptors would be 

expected via this potential pathway. 

2.5.3 Basis for Response Action 

The response action selected in this ROD/RAP is necessary to protect the public health, welfare, 

and the environment from actual or potential releases of hazardous substances into the 

environment.  The Navy, in partnership with U.S. EPA, DTSC, and the RWQCB, considered all 

pertinent factors in accordance with CERCLA and NCP remedy selection criteria and determined 

that remedial action is necessary to clean up groundwater at OU-4B sites.  This determination 
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was made because 1) COCs in groundwater exceeded MCLs and 2) HHRA results for 

groundwater indicated estimated cancer risks exceeded 10
-4

 at OU-4B sites (see Table 2-2). The 

concentrations of COCs in groundwater requiring a response action are summarized in Section 

2.3.1 and 2.3.2 for low and moderate concentration sites, respectively. 

2.6 PRINCIPAL THREAT WASTE 

Principal Threat and Low Level Threat Wastes(20) are hazardous or highly toxic source 

materials that result in ongoing contamination to surrounding media, generally cannot be reliably 

contained, or present a significant risk to human health or the environment should exposure 

occur.  Soils at OU-4B were not identified as being a principal threat waste and the Navy and 

their regulatory BCT partners determined NFA was required.  Contaminated groundwater is not 

typically considered to be a source material unless there are “pools” of nonaqueous-phase liquids 

present or it has the potential to be extremely mobile. COCs in groundwater at OU-4B are 

present at relatively low concentrations and are not considered a principal threat waste. 

2.7 REMEDIAL ACTION OBJECTIVES 

U.S. EPA guidance defines remedial action objectives(21) (RAOs) as media-specific or  

OU-specific goals for protecting human health and the environment.  These objectives were used 

to focus and define the scope of potential cleanup activities, thereby guiding the development 

and evaluation of remedial alternatives during the FS.  RAOs for VOC-contaminated 

groundwater associated with OU-4B sites at former MCAS Tustin address affected media and 

COCs, existing and potential receptors and exposure pathways, ARARs (Attachment 1), and site 

remediation goals.  The FS also addressed estimated restoration time frames and areas of 

attainment within the context of RAOs.  The RAOs for groundwater contaminant plumes at  

OU-4B are as follows: 

 Protect human health by limiting the use of shallow groundwater containing COCs at 

concentrations exceeding health-protective levels. 

 Reduce concentrations of COCs in shallow groundwater at areas of attainment for OU-4B 

sites to health-protective levels. 

U.S. EPA guidance defines the area of attainment for a CERCLA groundwater response action as 

the location where remediation goals will be achieved at the time a remedial action is considered 

complete.  According to this guidance, the area of attainment generally coincides with the areal 

extent of groundwater contamination exceeding remediation goals to the margin of the 

contaminant plume at the time restoration begins.  Remediation goals for groundwater, provided 

in Table 2-3, should eventually be attained throughout the contaminated plume.   

TABLE 2-3   OU-4B REMEDIATION GOALS FOR GROUNDWATER (UNLIMITED LAND USE)  

COC  Remediation Goal Basis                                     

1,1-dichloroethene 6 μg/L State MCL 
trichloroethene  5 μg/L State/Federal MCL 

References: 40 C.F.R. § 141.61(a) (federal MCL); California Code of Regulations title 22, § 64444; as synonyms “1,1-dichloroethylene” and 
“trichloroethylene” (Chemical Abstracts Service [CAS] Nos. 75-35-4 and 79-01-6, respectively); the MCL was used as the basis for evaluation 
of remedial technologies presented in this ROD/RAP. 
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The Navy intends to use an optimization approach for OU-4B and revisit the RAOs through the 

remedial design (RD) and remedial action phases.   

2.8 DESCRIPTION AND COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES 

To address groundwater contamination at OU-4B, an initial screening(22) of remedial 

technologies was completed during the FS to refine the remedy selection process.  A total of 13 

remedial technologies involving 30 process options were screened for the collection, treatment, 

and disposal of contaminated groundwater.  Technologies and process options retained from the 

screening evaluation were used to develop seven comprehensive remedial alternatives for  

OU-4B sites, with each alternative involving a combination of general response actions.  As a 

group, the remedial alternatives represent a range of technically feasible remedial options to 

address VOC-affected groundwater at the OU-4B sites. 

2.8.1 Description of Remedial Alternatives 

The technologies and process options retained from the initial screening were assembled into 

comprehensive remedial alternatives for OU-4B sites.  The FS provided a general description of 

the remedial alternatives(23).  Table 2-4 and Table 2-5 present these alternatives and their 

components, descriptions, costs, and time frame to achieve RAOs for the low and moderate 

concentration sites respectively.   

TABLE 2-4   REMEDIAL ALTERNATIVES FOR LOW CONCENTRATION SITES IRP-11, IRP-13W, 
AND MMS-04 

Alternative Description 
Costs* (in millions)  
and Timeframe 

Alternative 1  
No Action 

The NCP (40 CFR 300.430[e][6]) requires that a no-action alternative be 
evaluated. Under this option, existing contamination is left in place and 
nothing is done to clean up the groundwater, prevent land use, or limit 
contaminant movement. 

-  0 

Alternative 2  
Institutional Controls 
(ICs) 

The alternative includes restrictions on future development and land use as 
long as wastes remain at the site.  Limited monitoring and 5-year reviews 
would be conducted to evaluate the effectiveness of the remedy and to 
evaluate whether ICs are still needed. 

-  Capital: 0.309 
-  O&M: 0.260 
-  Total: 0.683(24) 
-  NPV: 0.623 
-  Timeframe: 10 years 

Alternative 3  
Monitored Natural 
Attenuation  
(MNA)/ICs 

Alternative 3 is similar to Alternative 2, with the addition of an expanded 
monitoring program including periodic sampling for COCs and natural 
attenuation parameters.  This alternative does not entail any engineered 
response actions to treat or prevent migration of plumes at the OU-4B 
sites, but would monitor natural degradation of the contaminants.   

-  Capital: 0.309 
-  O&M: 0.737 
-  Total: 1.255(25) 
-  NPV: 1.135 
-  Timeframe: 10 years 

Notes:  NPV – Net present value, O&M – Operation and Maintenance 
* Total cost includes capital cost with markups, O&M cost with markups, and 20% contingency.  Discount rate of 2.8 percent per year was 

used to calculate net present value.  Costs provided are the same for each of the sites (IRP-11, IRP-13W, and MMS-04). 
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TABLE 2-5   REMEDIAL ALTERNATIVES FOR MODERATE CONCENTRATION SITES IRP-5S(A), 
IRP-6, AND THE MPA 

Alternative/Description 
Cost* (in millions) and Timeframe 

IRP-5S(a) IRP-6 MPA 

Alternative 1   No Action 
See description in Table 2-4. 

0 0 0 

Alternative 2   Institutional Controls (ICs) 
See description in Table 2-4. 

Capital: 0.203 
O&M: 0.695 

Total: 1.077(26) 
NPV: 0.767 

Timeframe: 30 
years 

Capital: 0.184 
O&M: 0.684 

Total: 1.041(27) 
NPV: 0.736 

Timeframe: 30 
years 

Capital: 0.199 
O&M: 0.684 

Total: 1.060(28) 
NPV: 0.755 

Timeframe: 30 
years 

Alternative 3   Monitored Natural Attenuation (MNA)/ICs 
See description in Table 2-4. 

Capital: 0.203 
O&M: 1.153 

Total: 1.627(29) 
NPV: 1.265 

Timeframe: 30 
years 

Capital: 0.184 
O&M: 1.137 

Total: 1.585(30) 
NPV: 1.226 

Timeframe: 30 
years 

Capital: 0.199 
O&M: 1.137 

Total: 1.603(31) 
NPV: 1.245 

Timeframe: 30 
years 

Alternative 4   In-Situ Bioremediation (ISB)/MNA/ICs 
A biostimulation compound would be used to accelerate the 
biodegradation of VOCs.  Groundwater would be monitored for 
VOCs and natural attenuation parameters to evaluate the 
efficacy of the remedy after ISB treatment.  If VOC 
concentrations are sufficiently reduced by the ISB process to 
concentrations below the remediation goals, then the remedial 
action would be considered complete.  If not, then MNA would be 
utilized to track reductions in VOC concentrations until 
remediation goals are reached.  The same ICs described for 
Alternative 2 would be implemented to prevent extraction and 
domestic use of groundwater.   

 
Capital: 0.942 
O&M: 0.532 

Total: 1.769(32) 
NPV: 1.696 

Timeframe: 5 
years 

 
Capital: 0.624 
O&M: 0.485 

Total: 1.329(33) 
NPV: 1.269 

Timeframe: 5 
years 

 
Capital: 1.310 
O&M: 0.485 

Total: 2.154(34) 
NPV: 2.073 

Timeframe: 5 
years 

Alternative 5   In-Situ Chemical Oxidation (ISCO)/ISB/MNA/ICs 
Alternative 5 is similar to Alternative 4, except that ISCO would 
be applied prior to ISB in areas with higher VOC concentrations 
to reduce the mass of VOCs in these areas. Under ISCO, 
oxidizing reagents would be injected into groundwater at 
locations with higher concentrations of VOCs.  These reagents 
would produce oxidizing agents that would degrade the VOCs.  
ISB, MNA, and ICs as described in Alternative 4 would also be 
included.  

 
Capital: 1.459 
O&M: 0.532 

Total: 2.389(35) 
NPV: 2.300 

Timeframe: 5 
years 

 
Capital: 0.945 
O&M: 0.485 

Total: 1.716(36) 
NPV: 1.644 

Timeframe: 5 
years 

 
Not evaluated 

Alternative 6   Hydraulic Control/MNA/ICs 
Hydraulic control wells would be placed along the leading edges 
of the current plumes and groundwater would be pumped from 
the wells to prevent migration of VOCs beyond the current plume 
boundaries.  Extracted groundwater would be treated at the 
existing OU-1A and/or OU-1B groundwater treatment systems.  
Groundwater quality at OU-4B sites is similar to that at OU-1A 
and OU-1B (which is treated by granular activated carbon 
[GAC]), so no additional treatment or system modifications would 
be necessary at these treatment systems.  Groundwater and 
treatment system performance monitoring would be performed 
regularly.  5-year reviews would be conducted to evaluate the 

 
Capital: 0.371 
O&M: 1.244 

Total: 1.938(37) 
NPV: 1.532 

Timeframe: 30 
years 

 
Not evaluated 

 
Capital: 0.303 
O&M: 1.227 

Total: 1.783(38) 
NPV: 1.435 

Timeframe: 30 
years 
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TABLE 2-5   REMEDIAL ALTERNATIVES FOR MODERATE CONCENTRATION SITES IRP-5S(A), 
IRP-6, AND THE MPA 

Alternative/Description 
Cost* (in millions) and Timeframe 

IRP-5S(a) IRP-6 MPA 

effectiveness of the remedy and to support recommendations for 
shutting down extraction wells to allow natural attenuation to 
complete the process of reducing VOC concentrations to below 
site remediation goals. 

Notes:  NPV – Net present value, O&M – Operation and Maintenance 
* Total cost includes capital cost with markups, O&M cost with markups, and 20% contingency.  Discount rate of 2.6 and 3.0 percent per year 

were used to calculate net present value for alternatives with 5- and 30-year durations, respectively. 

 

2.8.2 Comparative Analysis of Alternatives 

The remedy selection process involves the evaluation of alternative remedial actions using the 

following nine criteria [40 CFR § 300.430 (e) (9) (iii)]:  

Threshold Criteria  

 Overall Protection of Human Health and the Environment – assesses whether a remedy 

provides adequate public health protection and tells how health risks posed by the site 

will be eliminated, reduced, or controlled. 

 Compliance with ARARs – addresses whether a remedy will meet all federal, state, and 

local environmental statutes or requirements. 

Primary Balancing Criteria  

 Long-Term Effectiveness and Permanence – refers to the ability of a remedy to protect 

human health and the environment over time, after the cleanup action is completed. 

 Reduction of Toxicity, Mobility, or Volume through Treatment – refers to the degree to 

which a remedy uses treatment technologies to reduce: 1) harmful effects to human 

health and the environment (toxicity), 2) the contaminant’s ability to move (mobility), 

and 3) the amount of contamination (volume). 

 Short-Term Effectiveness – assesses how well human health and the environment will be 

protected from impacts due to construction and implementation of a remedy. 

 Implementability – refers to the technical feasibility (how difficult the remedy is to 

construct and operate) and administrative feasibility (coordination with other agencies).  

Factors such as availability of materials and services needed are considered. 

 Cost – evaluates the estimated capital costs and present value in today’s dollars required 

for design and construction and long-term operation and maintenance costs. 

Modifying Criteria  

 State/Support Agency Acceptance – reflects whether the state of California’s 

environmental agencies agree with, oppose, or have no objection to or comment on the 

Navy’s preferred alternative. 
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 Community Acceptance – evaluates whether community concerns are addressed by the 

remedy and if the community has an apparent preference for a remedy.  Public comments 

are an important part of the final decision; however, the Navy is compelled by law to 

balance community concerns with the other criteria. 

A comprehensive analysis(39) of each alternative with respect to the NCP threshold and primary 

balancing criteria is presented in the Final Feasibility Study Report for OU-4B (September 1, 

2008).  The comparative analysis of alternatives for OU-4B low concentration sites IRP-11, IRP-

13W, and MMS-04 is summarized in Section 2.8.2.1 and the comparative analysis of alternatives 

for OU-4B moderate concentration sites IRP-5S(a), IRP-6, and the MPA is summarized in 

Section 2.8.2.2.  

2.8.2.1 Low Concentration Sites 

The results of the comparative analysis for OU-4B low concentration sites IRP-11,  

IRP-13W, and MMS-04 are summarized in Table 2-6 and discussed below.   

Threshold Criteria 

Overall Protection of Human Health and the Environment.  With one exception, Alternatives 1, 

2, and 3 are protective of human health and the environment for all three low concentration sites; 

Alternative 1, no action, is not protective of human health and the environment for IRP-11. 

Compliance with ARARs.  ARARs are not applicable to Alternative 1 because they would not be 

triggered by the “no action” alternative.  Alternatives 2 and 3 meet the threshold criterion of 

compliance with ARARs for all three low concentration sites. 

Primary Balancing Criteria 

Long-Term Effectiveness and Permanence.  Alternatives 2 and 3 are rated moderate in long-term 

effectiveness and permanence for all three low concentration sites.  ICs would prohibit domestic 

use of groundwater until natural processes reduce VOC concentrations below remediation goals.  

Alternative 1 is rated moderate for this criterion for IRP-13W and MMS-04 because ICs are 

already in-place to prohibit domestic use of groundwater in these areas.  Alternative 1 is rated 

low for this criterion for IRP-11 because no measures would be in-place to prohibit domestic use 

of groundwater at this site. 

Reduction in Toxicity, Mobility, or Volume through Treatment.  Alternatives 1, 2, and 3 are rated 

low for this criterion at all three low concentration sites.  Although all three alternatives do not 

involve active treatment processes to reduce the toxicity, mobility, or volume of VOCs in 

groundwater, natural processes would continue to act to reduce VOC concentrations until 

remediation goals are achieved.  

Short-Term Effectiveness.  Alternatives 2 and 3 are rated high in short-term effectiveness for all 

three low concentration sites because ICs provide protectiveness once implemented.  Short-term 

risks to the community and workers during construction and implementation of all three 

alternatives are expected to be low.  For IRP-13W and MMS-04, Alternative 1 is rated moderate 

in short-term effectiveness.  ICs are already in-place at these sites and are considered sufficiently 

protective, but there are no measures to monitor progress toward achieving remediation goals.  
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For IRP-11, Alternative 1 is rated low in short-term effectiveness because there would be no 

measures in-place to prevent domestic use of groundwater. 

Implementability.  Alternatives 1, 2, and 3 are rated high in implementability because these 

alternatives involve no action or very limited action.  Groundwater monitoring and ICs have 

been implemented at other sites at former MCAS Tustin and can be easily accomplished. 

Cost.  The estimated costs for the remedial alternatives at each of the low concentrations sites are 

shown in Table 2-4.  No costs are associated with Alternative 1.  Alternative 2 has moderate 

costs and Alternative 3 costs are expected to be about 50 percent higher than for Alternative 2. 

 

TABLE 2-6   COMPARATIVE ANALYSIS OF ALTERNATIVES FOR LOW CONCENTRATION SITES 

IRP-11, IRP-13W, AND MMS-04 

Criteria 

IRP-11 IRP-13W MMS-04 

1 
No Action 

2 
ICs 

3 
MNA 

1 
No 

Action 

2 
ICs 

3 
MNA 

1 
No 

Action 

2 
ICs 

3 
MNA 

Threshold Criteria 

Overall Protection of 
Human Health and 
the Environment 

No Yes Yes Yes Yes Yes Yes Yes Yes 

Compliance with 
ARARs 

NA Yes Yes NA Yes Yes NA Yes Yes 

Primary Balancing Criteria 

Long-Term 
Effectiveness and 
Permanence 

         

Reduction of 
Toxicity, Mobility, or 
Volume by 
Treatment 

         

Short-Term 
Effectiveness          

Implementability          

Cost* ($ million)  
0 

 
0.21 

 
0.37 

 
0 

 
0.26 

 
0.48 

 
0 

 
0.16 

 
0.28 

Notes:  Relative performance:  = Low     = Moderate     = High       

NR = Not Rated; NA=not applicable, ARARs would not be triggered under the “no action” alternative. 

*   Under the cost criterion, a rating of “high” means that the alternative rated more favorably (i.e., lower cost), and a rating of “low” means 
that the alternative rated less favorably.   

 

Modifying Criteria 

State/Support Agency Acceptance. Regulatory involvement has been solicited throughout the 

CERCLA process.  Review and State concurrence has been obtained on preceding documents 

including the RI and FS reports pertaining to OU-4B.  The state of California concurs with the 

Selected Remedy.   
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Community Acceptance. The Proposed Plan was issued for public review from February 4 to 

March 5, 2009 and was discussed at a public meeting on February 11, 2009.  A summary of 

public comments and responses is included in the Responsiveness Summary (Attachment 2). 

2.8.2.2 Moderate Concentration Sites 

The results of the comparative analysis for the OU-4B moderate concentration sites IRP-5S(a), 

IRP-6, and the MPA are summarized in Table 2-7 and discussed below. 

Threshold Criteria 

Overall Protection of Human Health and the Environment.  Alternatives 2 through 6 meet the 

threshold criterion of overall protection of human health and the environment.  Alternative 1 

would not protect human health and the environment at the moderate concentration sites.   

Compliance with ARARs.  ARARs are not applicable to Alternative 1.  Alternatives 2 through 6 

meet the threshold criterion of compliance with ARARs for the moderate concentration sites. 

Primary Balancing Criteria 

Long-Term Effectiveness and Permanence.  Alternatives 4 and 5 are rated high in long-term 

effectiveness and permanence, as they employ technologies that would effectively and 

permanently reduce concentrations to below remediation goals while providing protection with 

ICs.  Alternatives 2, 3, and 6 are rated medium in long-term effectiveness and permanence 

because they rely on ICs to prohibit domestic use of groundwater, while passive natural 

attenuation processes reduce VOC concentrations.  Alternative 1 is rated low in long-term 

effectiveness and permanence. 

Reduction in Toxicity, Mobility, or Volume through Treatment.  Alternatives 4 and 5 are rated 

high in reducing the toxicity, mobility, or volume of COCs through treatment because the in-situ 

chemical oxidation (ISCO) and ISB processes are expected to reduce VOC concentrations in 

groundwater in a relatively short period of time.  Alternative 6 involves a lesser amount of 

treatment (GAC for removal of VOCs from extracted groundwater), so it is rated moderate.  

Alternatives 1, 2, and 3 are rated low because they do not involve active treatment processes. 

Short-Term Effectiveness.  Alternative 1 is rated low in short-term effectiveness.  Alternatives 2 

and 3 are also rated moderate in short-term effectiveness.  ICs would provide protectiveness once 

implemented, and short-term risks to the community and workers are expected to be low.  

Alternative 4 is rated high in short-term effectiveness because the ISB process would be 

expected to biodegrade most of the VOCs in groundwater within 12 months following ISB 

injections, while posing minimal risk to workers and the community.  Reagents used in the ISB 

process are food-grade materials and considered innocuous.  ICs would provide protectiveness 

once implemented.  Alternatives 5 and 6 are rated moderate as they involve some risks to 

workers and the community associated with handling and transportation of hazardous reagents 

used in the ISCO process.  Measures to mitigate these risks would be developed during the RD 

phase.  The time to reach remediation goals for Alternative 5 would be only 5 years.  Alternative 

6 involves trenching to connect extraction wells to OU-1 treatment systems and would cause 

some temporary impacts such as dust, traffic, and access limitations.  The time to reach 

remediation goals would be longer for Alternative 6 (assumed to be 30 years).  However, ICs 

would provide protectiveness once implemented. 
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Implementability.  Alternatives 1, 2, and 3 are easy to implement because they involve no action 

or very limited action.  Groundwater monitoring and ICs have been used at other sites at former 

MCAS Tustin and can be easily accomplished.  Alternatives 4 and 6 are rated moderate in 

implementability due to design and pilot study testing.  At the MPA, additional administrative 

measures (correspondence with historic preservation authorities) will be required to drill through 

the floor of the blimp hangar.  Limitations on implementability of Alternative 6 involve 

obtaining easements across private property to convey extracted groundwater to existing 

treatment systems.  Alternative 5 is rated low in implementability.  After ISCO pilot testing and 

implementation, groundwater must be allowed to return to steady-state conditions before ISB 

pilot testing and full-scale ISB can be performed. 

 

Cost.  The estimated costs for the groundwater remedial alternatives at the OU-4B moderate 

concentration sites are summarized in Table 2-5.  There are no costs associated with Alternative 

1.  Alternative 2 has lower costs than Alternatives 3 through 6.  Alternatives 3 and 6 have 

moderate costs compared to other alternatives.  Costs for Alternative 4 are moderate for  

IRP-5S(a) and IRP-6, but are high for the MPA.  At the MPA, a higher number of injection 

points and ISB injections into the second WBZ made this alternative more costly than other 

alternatives for this plume.  Alternative 5 is rated low in cost, because it is substantially more 

costly than the other alternatives. 

 

TABLE 2-7   COMPARATIVE ANALYSIS OF ALTERNATIVES FOR MODERATE CONCENTRATION 

SITES IRP-5S(A), IRP-6, AND THE MPA 

Criteria 

Alternative 

1 
No Action 

2 
ICs 

3 
MNA/ICs 

4 
ISB/MNA/ 

ICs 

5 
ISCO/ISB/ 
MNA/ICs 

6 
Hydraulic Control/ 

MNA/ICs 

IRP-5S(a) 

Threshold Criteria 

Overall Protection of Human Health 
and the Environment 

No Yes Yes Yes Yes Yes 

Compliance with ARARs NA Yes Yes Yes Yes Yes 

Primary Balancing Criteria 

Long-Term Effectiveness and 
Permanence       

Reduction of Toxicity, Mobility, or 
Volume by Treatment       

Short-Term Effectiveness       

Implementability       

Cost* ($ million)  
0 

 
0.767 

 
1.265 

 
1.696 

 
2.300 

 
1.532 
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TABLE 2-7   COMPARATIVE ANALYSIS OF ALTERNATIVES FOR MODERATE CONCENTRATION 

SITES IRP-5S(A), IRP-6, AND THE MPA 

Criteria 

Alternative 

1 
No Action 

2 
ICs 

3 
MNA/ICs 

4 
ISB/MNA/ 

ICs 

5 
ISCO/ISB/ 
MNA/ICs 

6 
Hydraulic Control/ 

MNA/ICs 

IRP-6 

Threshold Criteria 

Overall Protection of Human Health 
and the Environment 

No Yes Yes Yes Yes -- 

Compliance with ARARs NA Yes Yes Yes Yes -- 

Primary Balancing Criteria 

Long-Term Effectiveness and 
Permanence      -- 

Reduction of Toxicity, Mobility, or 
Volume by Treatment      -- 

Short-Term Effectiveness      -- 

Implementability      -- 

Cost* ($ million)  
0 

 
0.736 

 
1.226 

 
1.269 

 
1.644 

-- 

MPA 

Threshold Criteria 

Overall Protection of Human Health 
and the Environment 

No Yes Yes Yes -- Yes 

Compliance with ARARs NA Yes Yes Yes -- Yes 

Primary Balancing Criteria 

Long-Term Effectiveness and 
Permanence     --  

Reduction of Toxicity, Mobility, or 
Volume by Treatment     --  

Short-Term Effectiveness     --  

Implementability     --  

Cost* ($ million)  
0 

 
0.755 

 
1.245 

 
2.073 

--  
1.435 

Notes:    Relative performance:  = Low     = Moderate     = High       
NR = Not Rated; NA=not applicable, ARARs would not be triggered under the “no action” alternative. 
*   Under the cost criterion, a rating of “high” means that the alternative rated more favorably (i.e., lower cost), and a rating of “low” means 

that the alternative rated less favorably. 
Alternative 5 was not evaluated for the MPA because contaminant concentrations at this site were not favorable for the ISCO process.  
Alternative 6 was not evaluated for IRP-6 because the distance from the plume to the treatment system would result in high costs. 

 
Modifying Criteria 

State/Support Agency Acceptance. Regulatory involvement has been solicited throughout the 

CERCLA process.  Reviews by the state agencies (DTSC and RWQCB) were conducted and 

concurrence by the state agencies (DTSC and RWQCB) was obtained on investigation reports 

related to OU-4 sites, including the RI and FS Reports pertaining to OU-4B.  The state of 

California concurs with the Selected Remedies.   
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Community Acceptance.  The Proposed Plan was issued for public review from February 4 to 

March 5, 2009 and was discussed at a public meeting on February 11, 2009.  Based on comments 

the Navy received during the public comment period, the preferred groundwater remedial 

alternative for the MPA was changed from Alternative 6 (Hydraulic Control/MNA/ICs) to 

Alternative 4 (ISB/MNA/ICs).  A summary of public comments and responses is included in the 

Responsiveness Summary (Attachment 2). 

2.9 SELECTED REMEDIES 

The Proposed Plan, released for public comment on February 4, 2009, identified Alternative 2, 

ICs, as the preferred alternative for low concentration sites IRP-11, IRP-13W, and MMS-04.  

The Navy reviewed all written and oral comments submitted during the public comment period.  

It was determined that no significant changes to the preferred alternative, as originally identified 

in the Proposed Plan, were necessary or appropriate for IRP-11, IRP-13W, or MMS-04.  

Accordingly, Alternative 2, ICs, was selected as the remedy for the three low concentration sites.   

The Proposed Plan identified Alternative 4 (ISB/MNA/ICs) as the preferred alternative for  

IRP-5S(a) and IRP-6, and Alternative 6 (Hydraulic Control/MNA/ICs) as the preferred 

alternative for the MPA.  The Navy reviewed all written and oral comments submitted during the 

public comment period.  It was determined that no significant changes to the remedy, as 

originally identified in the Proposed Plan, were necessary or appropriate for IRP-5S(a) or IRP-6.  

However, public and regulatory agency comments that were received during the public comment 

period indicated a preference for Alternative 4, ISB/MNA/ICs over Alternative 6, Hydraulic 

Control, for the MPA.  Therefore, based on a consideration of all comments received from the 

public and agencies, as required by the NCP as a part of the remedy selection process  

(incorporated using the two NCP modifying criteria, community acceptance and state/support 

agency acceptance; see Responsiveness Summary Section), Alternative 4 was selected for the 

MPA and the two other moderate concentration sites, IRP-5S(a) and IRP-6.    

2.9.1 Rationale for Remedy Selection 

Alternative 2 – ICs, was selected for OU-4B low concentrations sites IRP-11, IRP-13W, and 

MMS-04 because it meets the RAOs and the threshold criteria and provides the best balance of 

tradeoffs with respect to the balancing and modifying criteria. This remedy protects human 

health by (1) preventing domestic use of groundwater by prohibiting installation of groundwater 

supply wells, and (2) maintaining the integrity of the remedial action until remediation goals 

have been achieved.  This alternative assumes that natural physical, biological, and chemical 

processes will continue to reduce concentrations of COCs in groundwater until remediation goals 

are achieved. 

Alternative 4 – ISB/MNA/ICs was selected for OU-4B moderate concentration sites IRP-5S(a), 

IRP-6, and the MPA because it meets the RAOs and the threshold criteria and provides the best 

balance of tradeoffs with respect to the balancing and modifying criteria.  This remedy protects 

human health by (1) reduction of contaminant mass using enhanced anaerobic ISB, (2) 

preventing domestic use of groundwater by prohibiting installation of groundwater supply wells, 

and (3) maintaining the integrity of the remedial action until remediation goals have been 

achieved.  This remedy includes injection of a biostimulation compound designed to reduce 

concentrations of COCs in groundwater at these moderate concentration sites. Groundwater 
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monitoring for VOCs and, as appropriate, natural attenuation parameters will also be used to 

evaluate the efficacy of the remedy after ISB treatment.   

2.9.2 Description of the Selected Remedies  

The Selected Remedy for the low concentration sites IRP-11, IRP-13W, and MMS-04 is 

Alternative 2 – ICs.  The Selected Remedy for the moderate concentration sites IRP-5S(a),  

IRP-6, and the MPA is Alternative 4 – ISB/MNA/ICs.  ICs, a common component of both 

remedies, are described in Section 2.9.2.1; ISB and MNA are described in Section 2.9.2.2. 

 
2.9.2.1 Institutional Controls 

ICs, the Selected Remedy for the low concentration sites and one component of the Selected 

Remedy for the moderate concentration sites, will prevent exposure to contaminated 

groundwater, and maintain the integrity of the remedial action for OU-4B until remediation goals 

have been achieved.  Specifically, ICs will be put in place to: 

 allow the Navy and its contractors access to site(s) and components of the remedy (see 

Section 2.9.2.1.1);  

 prohibit the installation of new groundwater supply wells and extraction of groundwater 

unless approved in writing by the Navy and regulatory agencies (see Section 2.9.2.1.2); 

and 

 prohibit the alteration, disturbance, or removal of groundwater monitoring and 

remediation systems (as applicable) without prior written approval from the Navy and 

regulatory agencies (see Section 2.9.2.1.2).     

ICs will be maintained until concentrations of COCs in groundwater are such that they allow for 

unlimited use and unrestricted exposure.  Implementation of ICs includes requirements for 

monitoring, inspections, and reporting to ensure compliance with land use and activity 

restrictions.   

The Navy has determined that it will rely on proprietary controls in the form of environmental 

restrictive covenants as provided in the “Memorandum of Agreement Between the United States 

Department of the Navy and the California Department of Toxic Substances Control” and 

attached covenant models (Navy and DTSC 2000) (hereinafter referred to as the “Navy/DTSC 

MOA”).   

More specifically, land use and activity restrictions will be incorporated into two separate legal 

instruments as provided in the Navy/DTSC MOA:  

1) Restrictive covenants included in one or more “quitclaim deeds” from the Navy to the 

property recipient. 

2) Restrictive covenants included in one or more “Covenant to Restrict Use of Property” 

entered into by the Navy and DTSC as provided in the Navy/DTSC MOA and consistent 

with the substantive provisions of California Code of Regulations title 22 § 67391.1.   
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The “Covenant(s) to Restrict Use of Property” have incorporated or will incorporate the land use 

restrictions into environmental restrictive covenants that run with the land and that are 

enforceable by DTSC against future transferees.  The “quitclaim deed(s)” will include the 

identical land use and activity restrictions in environmental restrictive covenants that run with 

the land and that will be enforceable by the Navy against future transferees.  

Land use restrictions will be applied to specified portions of the property and described as 

applicable in findings of suitability to transfer, findings of suitability for early transfer, 

“Covenant(s) to Restrict Use of Property” between the Navy and DTSC, and any “quitclaim 

deed(s)” conveying real property containing OU-4B sites.   

OU-4B sites are located in portions of the former station:  

 that are currently retained by the Navy without a lease (IRP-11 and the MPA);  

 that have been leased to the City of Tustin under a LIFOC and that will be conveyed by 

deed in the future (a portion of IRP-5S[a], a portion of IRP-6, MMS-04, and a portion of 

IRP-13W);  

 that have already been transferred as an “early transfer” pursuant to a FOSET (a portion 

of IRP-13W); and  

 that have already been transferred pursuant to a FOST (a portion of IRP-5S[a] and a 

portion of IRP-6).   

At off-site property, ICs would be based on well permit programs administered by the local 

regulatory agencies.  These local well permitting agencies require that any person planning to 

install a well must apply for and obtain a permit prior to installation.  These agencies are also 

authorized to include any necessary conditions in the permit to assure adequate protection of 

public health.  The Navy will coordinate with local well permitting agencies to obtain and review 

copies of any well permit applications and to provide updated environmental information.  The 

Navy will provide updated copies of maps delineating the plumes and provide periodic updates 

throughout the IC period.   

2.9.2.1.1 Access 

The deed and covenant shall provide that the Navy, FFSRA signatories, and RWQCB, and their 

authorized agents, employees, contractors and subcontractors shall have the right to enter upon 

OU-4B sites to conduct investigations, tests, or surveys; inspect field activities; or construct, 

operate, and maintain any response or remedial action as required or necessary under the cleanup 

program, including but not limited to monitoring wells, pumping wells, and treatment facilities.   

2.9.2.1.2 Implementation 

The Navy shall address and describe IC implementation and maintenance actions including 

periodic inspections and reporting requirements in the draft and final RD Reports to be 

developed and submitted to the FFSRA signatories for review pursuant to the FFSRA.  The Navy 

is responsible for implementing, maintaining, reporting on, and enforcing land use controls.  

Although the Navy may later transfer these procedural responsibilities to another party by 
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contract, property transfer agreement, or through other means, the Navy shall retain ultimate 

responsibility for remedy integrity.   

The following land-use restrictions will be incorporated into the legal instruments provided 

above:  

 prohibit the installation of new groundwater supply wells and extraction of groundwater 

including installation of any structure or improvement that has the potential to affect 

plume migration unless approved in writing by the Navy and regulatory agencies; and 

 prohibit the alteration, disturbance, or removal of groundwater monitoring and/or 

remediation system components without written approval from the Navy and regulatory 

agencies. 

As part of the RD phase for the Selected Remedies, a predesign groundwater investigation(40) 

will be performed for the purposes of further delineating each plume, evaluating current well 

locations, and/or locating new monitoring wells, as necessary.     

During the RD phase, groundwater monitoring data collected to date will be evaluated with 

respect to groundwater modeling results presented in this ROD/RAP, and additional modeling 

will be conducted as necessary to support the RD.  The final determination of IC boundaries at 

each plume area will be determined during the RD phase based in part on an interpretation of 

groundwater monitoring results and may include property outside of CO areas.  Conceptual IC 

boundaries are shown in Figures 2-1, 2-2, 2-3, 2-4, 2-5, and 2-6.   

A groundwater monitoring(41) program, which will include periodic reviews, will be designed 

and implemented to provide information about groundwater concentrations for comparison to 

remediation goals.  Groundwater monitoring will continue and ICs will remain in place until 

monitoring results indicate that remediation goals for COCs in groundwater have been achieved 

and the appropriate regulatory agencies have determined that monitoring and ICs are no longer 

necessary.   

2.9.2.2 In-Situ Bioremediation/Monitored Natural Attenuation 

The Selected Remedy will employ anaerobic ISB technology(42), and MNA at IRP-5S(a),  

IRP-6, and the MPA to accelerate the degradation of COCs in groundwater at these sites.  Major 

components of the Selected Remedy for these sites include a predesign groundwater 

investigation and monitoring well installation, groundwater monitoring, MNA, and ICs.   

Enhanced anaerobic ISB technology will be employed to accelerate the anaerobic degradation of 

TCE in groundwater.  Enhanced anaerobic ISB is a process that generally accelerates the natural 

biodegradation of chlorinated VOCs by introducing a carbon substrate into the subsurface as an 

electron donor to provide a reducing environment.  This process involves injection of a 

biostimulation compound to accelerate the biodegradation of VOCs.  The bioaugmentation and 

biostimulation compounds would be injected as determined in the RD.   
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The application of the biostimulation compound would be designed to reduce VOC 

concentrations toward remediation goals throughout each plume. However, if VOC 

concentrations are not reduced to remediation goals by the ISB process, MNA would be 

performed after completion of the ISB process to track reductions in VOC concentrations until 

remediation goals are reached.  Performance objectives would be established during the RD 

phase to signal the time to switch from the ISB component of this alternative to MNA 

monitoring.   

Groundwater sampling and data evaluation will be performed.  The monitoring program will be 

designed during the RD phase of the project.   

2.9.3 Estimated Outcomes of the Selected Remedies 

The Selected Remedies are intended, through ICs, to prevent use of groundwater by prohibiting 

installation of groundwater supply wells until COCs in groundwater are reduced to 

concentrations that allow for unrestricted use of the OU-4B sites.  A predesign investigation 

including groundwater monitoring will be conducted to further delineate the plume, evaluate 

current well locations, and install new monitoring wells, as necessary to track potential plume 

migration.  The Navy will continue groundwater monitoring to 1) evaluate whether ICs are still 

necessary, and 2) conduct 5-year reviews to evaluate the continued protectiveness of the remedy.   

Groundwater modeling results performed during the FS indicated that under current conditions 

(i.e., no action taken), VOC-impacted groundwater at the three OU-4B low concentration sites 

would not migrate beyond the CO area boundaries at concentrations exceeding remediation 

goals.  Groundwater monitoring will continue and ICs will remain in place until monitoring 

results indicate that remediation goals (Section 2.7) have been achieved and the appropriate 

regulatory agencies have determined that monitoring and ICs are no longer necessary.  ICs are 

accordingly estimated to be in place at the three OU-4B low concentration sites for 5 to 30 years.   

Because bioaugmentation is included, and the biostimulation compound will be distributed 

throughout the plumes, a 3- to 5-year time frame is assumed to be sufficient to remediate 

contaminated groundwater at the three OU-4B moderate concentration sites.  The Navy will 

continue groundwater monitoring at the moderate concentration sites following ISB treatment to 

evaluate whether ICs are still necessary and conduct 5-year reviews to evaluate the continued 

protectiveness of the remedy.  If VOC concentrations are sufficiently reduced by the ISB process 

to concentrations below the remediation goals, then the remedial action would be considered 

complete.  If not, then MNA would be utilized to track reductions in VOC concentrations until 

remediation goals are achieved and the appropriate regulatory agencies have determined that 

monitoring and ICs are no longer necessary.   

2.9.4 Statutory Determinations 

Under CERCLA and in accordance with the NCP, the Selected Remedies meet the following 

statutory determinations. 

 Protection of Human Health and the Environment – The Selected Remedies are needed to 

protect human health and the environment.  Protection will be achieved through 

implementation of ICs to prevent domestic use of groundwater within the attainment 
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zone.  There are no short-term threats associated with the Selected Remedies that cannot 
be controlled.  In addition, no adverse cross-media impacts are expected from the 
remedy. 

• Compliance with ARARs – The Selected Remedies meet federal or state (if more 
stringent) standards, requirement, criteria, or limitations that are determined to be ARARs 
for OU-4B. 

• Cost-Effectiveness – The Selected Remedies represent the most reasonable value for the 
money.  The costs are proportional to overall effectiveness by achieving the highest 
degree of long-term effectiveness and permanence within a reasonable timeframe.  

• Utilization of Permanent Solutions and Alternative Treatment Technologies or Resource 
Recovery Technologies to the Maximum Extent Practicable – The Navy has determined 
that the Selected Remedies represent the maximum extent to which permanent solutions 
and treatment technologies can be utilized in a practicable manner at the site.  Of those 
alternatives that are protective of human health and the environment and comply with 
ARARs, the Navy has determined that the Selected Remedies provide the best balance of 
trade-offs in terms of the five balancing criteria, while also considering the statutory 
preference for treatment as a principal element and bias against off-site treatment and 
disposal and considering state/support agency and community acceptance.   

• Preference for Treatment as a Principal Element – The Navy has determined that the 
Selected Remedies utilize permanent solutions and alternative treatment (or resource 
recovery) technologies to the maximum extent practicable. 

• Five-Year Review Requirements – Five-Year reviews will be conducted to ensure that 
the remedies remain protective of human health and the environment.  Once RAOs 
including remediation goals are achieved, Five-Year reviews will not be required. 

2.10 COMMUNITY PARTICIPATION 

A Community Relations Plan has been developed for former MCAS Tustin that outlines the 
community involvement program.  Community participation is supplemented by the Restoration 
Advisory Board (RAB), which is composed of local citizens and government representatives 
involved in the environmental cleanup program at former MCAS Tustin.  The purpose of the 
RAB is to promote efficient and effective cleanup that results in the protection of human health 
and the environment and the timely conversion of former MCAS Tustin.  The RAB serves to 
increase community awareness by disseminating information about the IRP and to assure that 
opinions about the environmental restoration reflect the diverse interest of the community.  The 
RAB functions in an advisory capacity to the Navy, U.S. EPA, and Cal/EPA by conducting 
regular and thorough reviews of environmental restoration plans and compiling constructive 
comments from these reviews for submittal to former MCAS Tustin. 

Information on documents and relevant information relied upon in the remedy selection process 
are available for public review in the Administrative Record (Attachment 4) File.  Community 
members can find key support documents that pertain to OU-4B, and a complete index of all 



 

ROD for OU-4B 2-33 BAI.5106.0013.0008 
Former MCAS Tustin 

former MCAS Tustin Administrative Record File documents, at the Information Repository 

located at the University of California at Irvine, Langston Library Government Publication 

Department, Irvine, CA.  The telephone number is (949) 824-7362.  The Administrative Record 

File for all of Former MCAS Tustin, including site-specific files for OU-4B, is available for 

review at BRAC Office Building 307, former MCAS El Toro.  To schedule a review time at 

former MCAS El Toro, please contact the document coordinator at (949) 726-5398. 

A Proposed Plan was developed to fulfill public participation requirements of CERCLA § 117 

(a), which specifies that the lead agency (Navy) must publish a plan outlining remedial 

alternatives evaluated for each site and identify the preferred alternative.  A significant and 

reasonable effort was made to inform the public of the proposed remedies outlined in this 

ROD/RAP.  The public comment period for the OU-4B Proposed Plan was from February 4 to 

March 5, 2009.  A Public Meeting was held on February 11, 2009 at the Tustin Senior Center in 

Tustin, California.  Public notices were placed in the newspapers (Orange County Register and 

Los Angeles Times, Orange County Edition) and posted on the BRAC PMO website 

(www.bracpmo.navy.mil).  All interested parties were encouraged to attend to learn more about 

the alternatives for each site, and to submit comments on the Proposed Plan to the Navy. 

 

http://www.bracpmo.navy.mil/
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3. RESPONSIVENESS SUMMARY 

A Public Meeting for the OU-4B Proposed Plan was held on February 11, 2009 at the Tustin 

Senior Center in Tustin, California.  The participants in the Public Meeting included 

representatives of the Navy, U.S. EPA, DTSC, and the RWQCB.  Questions and/or concerns that 

were received during the public meeting were documented in the court reporter record(43) of 

the Public Meeting.  The public review period for the OU-4B Proposed Plan was from February 

4 to March 5, 2009.  Responses to Comments received at the Public Meeting and during the 

public comment period are included as Attachment 2.   
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Table 1:  Promulgated Criteria and Standards for OU-4B Groundwater Chemicals of Concern 
(reported in micrograms per liter) 

Chemical 
U.S. EPAa Californiab 

MCL 
Most Stringent 

Criterionc MCL MCLG 

1,1-dichloroethene (1,1-DCE) 7 7 6 6 
trichloroethene (TCE) 5 —d 5 5 

Notes: 
a reference:  40 C.F.R. §141.50(b) for non-zero MCLGs and §141.61(a) for the MCLs, as synonyms “1,1-dichloroethylene” and “trichloroethylene” 

(CAS Nos. 75-35-4 and 79-01-6, respectively) 
b reference:  Cal. Code Regs. tit. 22, § 64444, as synonyms “1,1-dichloroethylene” and “trichloroethylene” (CAS Nos. 75-35-4 and 79-01-6, 

respectively) 
c where the California MCL is not more stringent than the federal MCL, the U.S. EPA MCL is the controlling ARAR 
d a nonzero MCLG has not been established 

Acronyms/Abbreviations: 
ARAR – applicable or relevant and appropriate requirement 
Cal. Code Regs. – California Code of Regulations 
CAS – Chemical Abstracts Service 
C.F.R. – Code of Federal Regulations 
COC – chemical of concern 
MCL – maximum contaminant level 
MCLG – maximum contaminant level goal 
OU – operable unit 
§ – section 
tit. – title 
U.S. EPA – United States Environmental Protection Agency 
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Table 2:  Federal Chemical-Specifica Applicable or Relevant and Appropriate Requirements for OU-4B 

Requirement Prerequisite Citationb 
ARAR 

Determination Comments 

GROUNDWATER 

Safe Drinking Water Act (42 U.S.C., ch. 6A, § 300[f]–300[j]-26)c 
National primary drinking water 
standards are health-based 
standards for public water systems 
(MCLs). 

Public water system 40 C.F.R. § 141.61(a) Relevant and 
Appropriate 

Table 1 lists chemicals of concern and their MCLs at OU-
4B.  MCLs are potentially relevant and appropriate for 
Class II aquifers, including the groundwater underlying 
OU-4B, the Irvine Pressure Subbasin. 
Only the primary standards for organic chemicals 
(40 C.F.R. § 141.61[a]), and specifically for TCE and 
1,1-DCE, are identified as potential ARARs for OU-4B 
groundwater.  The federal MCL for 1,1-DCE is not 
controlling as the state MCL is more stringent. MCLs are 
not potential ARARs for those chemicals that former 
MCAS Tustin has not contributed to the shallow 
groundwater system (e.g., inorganics such as selenium 
and nitrate). 

MCLGs pertain to known or 
anticipated adverse health effects 
(also known as recommended 
MCLs). 

Public water system 40 C.F.R. § 141.50 Relevant and 
Appropriate 

MCLGs that have nonzero values are relevant and 
appropriate for groundwater determined to be a current 
or potential source of drinking water (40 C.F.R. 
§ 300.430[e][2][i][B] through [D]).  Groundwater in the 
vicinity of former MCAS Tustin is designated for 
municipal/domestic use (potential drinking water).   A 
nonzero MCLG does not exist for TCE. The MCLG for 
1,1-DCE is a potential ARAR; however, it is the same as 
the primary MCL. 

National secondary drinking water 
regulations are standards for the 
aesthetic qualities of public water 
systems (SMCLs). 
 
 
 
 

Public water system 40 C.F.R. § 143.3 Not an ARAR SMCLs are federal contaminant levels intended as 
guidelines for the states.  Because they are not enforceable, 
federal SMCLs are not ARARs. 
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Table 2:  Federal Chemical-Specifica Applicable or Relevant and Appropriate Requirements for OU-4B 

Requirement Prerequisite Citationb 
ARAR 

Determination Comments 

Resource Conservation and Recovery Act (42 U.S.C., ch. 82, §§ 6901–6991[i])c 

Defines RCRA hazardous waste.  
A solid waste is characterized as 
toxic, based on the TCLP, if the 
waste exceeds the TCLP maximum 
concentrations. 

Waste generation Cal. Code Regs. 
tit. 22, §§  66261.21, 
66261.22(a)(1), 
66261.23, 
66261.24(a)(1), and 
66261.100 

Applicable Applicable for determining whether waste is hazardous.  
VOC-impacted groundwater is not considered a RCRA-
listed hazardous waste and, based on investigation results 
presented in the main report (Section 1), is unlikely to be 
a RCRA characteristic hazardous waste if generated as a 
waste during remedial action for OU-4B. 

Groundwater protection standards: 
Owners/operators of RCRA 
treatment, storage, or disposal 
facilities must comply with 
conditions in this section that are 
designed to ensure that hazardous 
constituents entering the 
groundwater from a regulated unit 
do not exceed the concentration 
limits for contaminants of concern 
set forth under Cal. Code Regs. 
tit. 22, § 66264.94 in the uppermost 
aquifer underlying the waste 
management area of concern at the 
POC. 

A regulated unit that 
receives or has 
received hazardous 
waste before 26 July 
1982 or regulated 
units that ceased 
receiving hazardous 
waste prior to 
26 July 1982 where 
constituents in or 
derived from the 
waste may pose a 
threat to human 
health or the 
environment 

Cal. Code Regs. 
tit. 22, §§ 
66264.94(a)(1), 
66264.94 (a)(3), 
66264.94 (c), 
66264.94 (d), and 
66264.94 (e)  

Relevant and 
Appropriate 

Applicable only for regulated TSD facilities.  Based 
on available data, no RCRA-listed hazardous wastes 
were disposed at OU-4B sites, and groundwater 
contamination did not result from release of 
RCRA-regulated waste.  However, substantive 
provisions of these requirements are potentially relevant 
and appropriate considering RCRA constituents present 
in groundwater. 

The POC is a vertical surface 
located at the hydraulically 
downgradient limit of the waste 
management area that extends 
through the uppermost aquifer 
underlying the regulated unit. 
 
 
 
 
 

Hazardous waste 
treatment or 
disposal 

Cal. Code Regs. 
tit. 22, §§ 66264.95 

Not an ARAR The Navy does not intend to establish a POC for the 
OU-4B remedial action.  Cleanup goals for the OU-4B 
sites will apply throughout the contaminant plumes. 
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Table 2:  Federal Chemical-Specifica Applicable or Relevant and Appropriate Requirements for OU-4B 

Requirement Prerequisite Citationb 
ARAR 

Determination Comments 

Clean Water Act of 1977, as Amended (33 U.S.C., ch. 26, §§ 1251–1387)c 

National Ambient Water Quality 
Criteria. 

Discharges to 
waters of the United 
States and 
groundwater 

33 U.S.C. § 1314(a) 
and 42 U.S.C. 
§ 9621(d)(2), 
64 Fed. Reg. 19781 
(22 April 1999) 

Not an ARAR The NCP (40 C.F.R. § 300.430[e]) states that FAWQC are 
potentially relevant and appropriate for development of 
groundwater cleanup goals only in the absence of 
promulgated MCLs and MCLGs.  In such cases, the 
FAWQC may be adjusted to reflect only drinking water 
use.  
Federal and state MCLs have been established for the 
VOCs of concern in groundwater beneath the OU-4B 
sites. 

Resource Conservation and Recovery Act (42 U.S.C., ch. 82, §§ 6901–6991[i])c 

Defines RCRA hazardous waste.  
A solid waste is characterized as 
toxic, based on the TCLP, if the 
waste exceeds the TCLP maximum 
concentrations. 

Waste Cal. Code Regs. 
tit. 22, §§ 66261.21, 
66261.22(a)(1), 
66261.23, 
66261.24(a)(1), and 
66261.100 

Applicable Applicable for determining whether waste is hazardous.  
VOC-impacted soil is not considered a RCRA-listed 
hazardous waste and, based on investigation results 
presented in the ROD, is unlikely to be a RCRA 
characteristic hazardous waste if generated as a waste 
during remedial action for OU-4B. 

Notes: 
a many action-specific ARARs contain chemical-specific limitations and are addressed in the action-specific ARAR tables 
b only the substantive provisions of the requirements cited in this table are potential ARARs 
c statutes and policies, and their citations, are provided as headings to identify general categories of potential ARARs for the convenience of the 

reader; listing the statutes and policies does not indicate that the DON accepts the entire statutes or policies as potential ARARs; specific 
potential ARARs are addressed in the table below each general heading; only pertinent substantive requirements of the specific citations are 
considered potential ARARs 

Acronyms/Abbreviations: 
ARAR – applicable or relevant and appropriate requirement 
Cal. Code Regs. – California Code of Regulations 
C.F.R. – Code of Federal Regulations 
ch. – chapter 
DCE – dichloroethene 
DON – Department of the Navy 
FAWQC – Federal Ambient Water Quality Criteria 
Fed. Reg. – Federal Register 
MCAS – Marine Corps Air Station 
MCL – maximum contaminant level 
MCLG – maximum contaminant level goal 
NCP – National Oil and Hazardous Substances Pollution Contingency Plan 

 
OU – operable unit 
POC – point of compliance 
RCRA – Resource Conservation and Recovery Act 
§ – section 
SMCL – secondary maximum contaminant level 
TCE – trichloroethene 
TCLP – toxicity characteristic leaching procedure 
tit. – title 
TSD – treatment, storage, and disposal 
U.S.C. – United States Code 
VOC – volatile organic compound 
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Table 3:  State Chemical-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 
 

Requirement 
 

Prerequisite 
 

Citationb 
ARAR 

Determination 
 

Comments 

GROUNDWATER 
California Environmental Protection Agency Department of Toxic Substances Controlc 
Definition of “non-RCRA 
hazardous waste.” 

Waste Cal. Code Regs. 
tit. 22, §§ 66261.3 
(a)(2)(C) or 
66261.3 (a)(2)(F), 
66261.22(a)(3) and 
66261.22 (a)(4), 
66261.24(a) (2)– 
66261.24 (a)(8), 
and 66261.101  

Applicable Applicable for determining whether waste is hazardous.  
Based on investigation results, VOC-impacted 
groundwater is unlikely to be classified as a non-RCRA 
hazardous waste.  However, if generated, this waste 
would still be characterized prior to disposal. 

State MCL list. Source of drinking 
water 

Cal. Code Regs. 
tit. 22, § 64444(a) 

Relevant and 
Appropriate 

Substantive provisions of the state MCLs would be 
potentially relevant and appropriate for groundwater 
determined to be a source of drinking water only if more 
stringent than federal MCLs, or nonzero MCLGs.  
Table 2 lists the MCLs for the chemicals of concern, 
TCE and 1,1-DCE.  The state MCL for TCE is not more 
stringent than the federal MCL.  The state MCL for 
1,1-DCE is more stringent than the federal MCL.  The 
groundwater underlying former MCAS Tustin is within 
the Irvine Groundwater Management Zone, which is 
within the Lower Santa Ana River Basin.  It meets the 
U.S. EPA designation of a Class II aquifer, with the 
following uses designated by the RWQCB:  municipal 
and domestic supply, agricultural supply, industrial 
service supply, and industrial process supply.  These use 
designations also apply to the shallow groundwater 
system. 
Only the substantive provisions of the state primary 
standards for organic chemicals (Cal. Code Regs. tit. 22, 
§ 64444), specifically 1,1-DCE, would be a potential 
ARAR for OU-4B groundwater.  The state MCL for 
TCE is the same as the federal MCL, and therefore is not 
more stringent and not an ARAR.  MCLs are not 
ARARs for constituents that former MCAS Tustin has 
not contributed to the shallow groundwater system 
(e.g., inorganics such as selenium and nitrate). 
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Table 3:  State Chemical-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 
 

Requirement 
 

Prerequisite 
 

Citationb 
ARAR 

Determination 
 

Comments 

State secondary MCL list. Source of drinking 
water 

Cal. Code Regs. 
tit. 22, § 64449(a) 

Not an ARAR No SMCL has been identified for TCE or 1,1-DCE, the 
chemicals of concern. 

State and Regional Water Quality Control Boardsc 

Authorizes the SWRCB and 
RWQCB to establish in water 
quality control plans beneficial uses 
and numerical and narrative 
standards to protect both surface 
water and groundwater quality.  
Authorizes regional water boards to 
issue permits for discharges to land 
or surface or groundwater that could 
affect water quality, including 
NPDES permits, and to take 
enforcement action to protect water 
quality. 

 Cal. Water Code,  
div. 7, §§ 13241, 
13243, 13263(a), 
13269, and 13360 
(Porter-Cologne 
Water Quality 
Control Act) 

Applicable The DON accepts the substantive provisions of Cal. 
Water Code, div. 7, §§ 13241, 13243, 13263(a), 13269, 
and 13360 of the Porter-Cologne Water Quality Act 
enabling legislation, as implemented through the 
beneficial uses, WQOs, waste discharge requirements, 
and promulgated policies of the Basin Plan for the Santa 
Ana River Basin as potential ARARs. 

  Cal. Water Code, 
div. 7, § 13304 

Not an ARAR Section 13304 does not constitute an ARAR because it 
does not itself establish or contain substantive 
environmental “standards, requirements, criteria or 
limitations” (CERCLA Section 121) and is not in itself 
directive in intent.  In addition, Section 13304 is not 
more stringent than the substantive requirements of the 
potential state and federal ARARs identified in this table 
and Table 2. 

Describes the water basins in the 
Santa Ana Region, establishes 
beneficial uses of groundwater and 
surface water, establishes WQOs, 
including narrative and numerical 
standards, establishes 
implementation plans to meet 
WQOs and protect beneficial uses, 
and incorporates statewide water 
quality control plans and policies. 

 Comprehensive 
Water Quality 
Control Plan for 
the Santa Ana 
River Basin 
(RWQCB 2008) 
(Cal. Water Code § 
13240) 

Applicable Substantive provisions in Chapters 2 through 4 are 
potentially applicable.  The beneficial uses for the Irvine 
Groundwater Management Zone are municipal/domestic 
use (potential drinking water), agricultural supply, 
industrial service supply, and industrial process supply.  
These uses also apply to the shallow groundwater 
system at former MCAS Tustin.  The WQOs and waste 
discharge requirements are potentially applicable for 
groundwater cleanup. 
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Table 3:  State Chemical-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

 
Requirement 

 
Prerequisite 

 
Citationb 

ARAR 
Determination 

 
Comments 

Establishes the policy that high-
quality waters of the state “shall be 
maintained to the maximum extent 
possible” consistent with the 
“maximum benefit to the people of 
the State.”  It provides that 
whenever the existing quality of 
water is better than that required by 
applicable water quality policies, 
such existing high-quality water will 
be maintained until it has been 
demonstrated to the state that any 
change will be consistent with 
maximum benefit to the people of 
the state, will not unreasonably 
affect present and anticipated 
beneficial use of such water, and 
will not result in water quality less 
than that prescribed in the policies.  
It also states that any activity that 
produces or may produce a waste or 
increased volume or concentration 
of waste and that discharges or 
proposes to discharge to existing 
high-quality waters will be required 
to meet waste-discharge 
requirements that will result in the 
best practicable treatment or control 
of the discharge. 

 SWRCB Res. 
No. 68-16 (Policy 
With Respect to 
Maintaining High 
Quality Waters in 
California) 

Not an ARAR Not an ARAR for existing contamination or further 
migration of existing contaminant plumes in 
groundwater.  For further details please refer to the 
Feasibility Study document for OU-4B provided in 
Admin Record. 

Describes requirements for 
RWQCB oversight of investigation 
and cleanup and abatement activities 
resulting from discharges of 
hazardous substances.  RWQCB 
may decide on cleanup and 
abatement goals and objectives for 
the protection of water quality and  

Discharge 
potentially 
affecting water 
quality 

SWRCB Res. 
No. 92-49 (Policies 
and Procedures for 
Investigation and 
Cleanup and 
Abatement of 
Discharges Under 
Cal. Water Code  

Not an ARAR Not more stringent than Cal. Code Regs. tit. 22, 
§ 66264.94, identified as a federal ARAR.  Therefore, 
this requirement does not qualify as a state ARAR under 
40 C.F.R. § 300.400(g)(4) and CERCLA 
Section 121(d)(2)(A)(ii).   
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Table 3:  State Chemical-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 
 

Requirement 
 

Prerequisite 
 

Citationb 
ARAR 

Determination 
 

Comments 

beneficial uses of water within each 
region.  Establishes criteria for 
“containment zones” where cleanup 
to established water-quality goals is 
not economically or technically 
practicable. 

 div. 7, § 13304)   

Incorporated into all regional board 
basin plans. Designates all ground 
and surface waters of the state as 
potential drinking water except 
where TDS is greater than 
3,000 ppm, the well yield is less 
than 200 gpd from a single well, the 
water is a geothermal resource or in 
a water-conveyance facility, or the 
water cannot reasonably be treated 
for domestic use using either best 
management practices or best 
economically achievable treatment 
practices. 

 SWRCB Res.  
No. 88-63 (Sources 
of Drinking Water 
Policy) 

Applicable Substantive provisions are potential ARARs for 
determining potential drinking water sources under state 
law. 

Establishes water quality protection 
standards for corrective action 
including concentration limits for 
COCs at background levels unless 
infeasible to achieve.  Cleanup levels 
greater than background must meet 
all applicable water quality 
standards, must be the lowest levels 
technically and economically 
achievable, must consider exposure 
via other media, and must consider 
combined toxicological effects of 
pollutants. 

Waste management 
unit 

Cal. Code Regs. 
tit. 27, §§ 
20380(a); 
20400(a), (c), (d), 
(e), and (g); and 
20405  

Not an ARAR Not more stringent than Cal. Code Regs. tit. 22, 
§ 66264.94, identified as a federal ARAR.  Therefore, 
these requirements do not qualify as state ARARs under 
40 C.F.R. § 300.400(g)(4) and CERCLA 
Section 121(d)(2)(A)(ii).   

Regulates permitting and testing of 
USTs and specifies corrective-
action requirements for discharges 
from tanks. 

 Cal. Code Regs 
tit. 23, div. 3, ch. 
16 

Not an ARAR Not applicable because leaking USTs are not the source 
of VOC contamination reported in the OU-4B plumes. 
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Table 3:  State Chemical-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 
 

Requirement 
 

Prerequisite 
 

Citationb 
ARAR 

Determination 
 

Comments 

SOIL 

California Environmental Protection Agency Department of Toxic Substances Controlc 
Definition of “non-RCRA 
hazardous waste.” 

Waste Cal. Code Regs. 
tit. 22, § 66261.3 
(a)(2)(C) or (a)(2)(F), 
66261.22(a)(3) and 
(a)(4), 
66261.24(a)(2)– 
(a)(8), and 66261.101 

Applicable Applicable for determining whether a waste is a 
non-RCRA hazardous waste.  VOC-affected soil, 
which may be generated as waste at OU-4B, is 
unlikely to be classified as a non-RCRA hazardous 
waste.  However, these materials would still be 
characterized prior to disposal. 

Notes: 
a many potential action-specific ARARs contain chemical-specific limitations and are addressed in the action-specific ARAR tables 
b only the substantive provisions of the requirements cited in this table are potential ARARs 
c statutes and policies, and their citations, are provided as headings to identify general categories of potential ARARs for the convenience of the 

reader; listing the statutes and policies does not indicate that the DON accepts the entire statutes or policies as potential ARARs; specific 
potential ARARs are addressed in the table below each general heading; only pertinent substantive requirements of specific citations are 
considered potential ARARs 

 
Acronyms/Abbreviations: 

ARAR – applicable or relevant and appropriate requirement 
Basin Plan – Water Quality Control Plan for the Santa Ana River Basin 
Cal. Code Regs. – California Code of Regulations 
Cal. Water Code – California Water Code 
CERCLA − Comprehensive Environmental Response, Compensation, 

and Liability Act 
C.F.R. – Code of Federal Regulations 
ch. – chapter 
COC – chemical of concern 
DCE – dichloroethene 
div. – division 
DON – Department of the Navy 
FS – feasibility study 
gpd – gallons per day 
MCAS − Marine Corps Air Station 
MCL – maximum contaminant level 
MCLG – maximum contaminant level goal 

 

 
NPDES – National Pollutant Discharge Elimination System 
OU – operable unit  
ppm – parts per million 
RCRA – Resource Conservation and Recovery Act 
Res. – resolution 
RWQCB – (California) Regional Water Quality Control Board 

(Santa Ana Region) 
§ – section 
SMCL – secondary maximum contaminant level 
SWRCB – (California) State Water Resources Control Board 
TCE – trichloroethene 
TDS – total dissolved solids 
tit. – title 
UST – underground storage tank 
VOC − volatile organic compound 
WQO – water quality objective 
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Table 4:  Federal Location-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Location Requirement Prerequisite Citationa 
ARAR 

Determination Comments 

Archaeological and Historic Preservation Act (16 U.S.C. § 469–469c-1)b 
Within area where 
action may cause 
irreparable harm, 
loss, or destruction of 
significant artifacts 

Construction on previously 
undisturbed land would 
require an archaeological 
survey of the area.  Data 
recovery and preservation 
would be required if 
significant archaeological or 
historical data were found on-
site.  The responsible official 
or Secretary of the Interior is 
authorized to undertake data 
recovery and preservation. 

Regulated alteration of 
terrain caused as a 
result of a federal 
construction project or 
federally licensed 
activity or program 
where action may 
cause irreparable 
harm, loss, or 
destruction of 
significant artifacts 

16 U.S.C.  
§§ 469–469c-1, 
40 C.F.R. 
§ 6.301(c) 

Relevant and 
Appropriate 

Extensive surveys at former MCAS 
Tustin indicate that the OU-4B 
plumes do not underlie any culturally 
sensitive areas.  The SHPO and the 
USACE have recommended no 
further assessment work for 
prehistoric or archaeological 
resources.  Fossils have been 
identified at former MCAS Tustin, 
but no impacts are expected from 
OU-4B remedial actions because 
construction grading is not planned 
as part of the remedial action.  
Potentially significant fossil deposits 
could be encountered during intrusive 
field activities.  If fossils are 
identified during field activities, a 
PRMP could be implemented. 

Archaeological Resources Protection Act of 1979, as Amended (16 U.S.C. § 470aa–470mm)b 
Archaeological 
resources on federal 
land 

Prohibits unauthorized 
excavation, removal, 
damage, alteration, or 
defacement of 
archaeological resources 
located on public lands 
unless such action 
is conducted pursuant to 
a permit. 
 
 
 
 
 
 

Archaeological 
resources on federal 
land 

Pub. L. 
No. 96-95, 
16 U.S.C. 
§§ 470aa–
470mm 

Applicable Substantive provisions are 
considered applicable.  Permits 
themselves are considered 
administrative in nature and are not 
required for on-site CERCLA 
actions.  See comment under 
Archaeological and Historic 
Preservation Act. 
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Table 4:  Federal Location-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Location Requirement Prerequisite Citationa 
ARAR 

Determination Comments 

National Historic Preservation Act of 1966, as Amended (16 U.S.C. § 470-470x-6)b 
Historic project 
owned or controlled 
by federal agency 

Action should preserve 
historic properties; planning 
of action should minimize 
harm to properties listed on 
or eligible for listing on 
the National Register of 
Historic Places. 

Property included in 
or eligible for the 
National Register of 
Historic Places 

16 U.S.C.  
§§ 470-470x-6, 
36 C.F.R. pt. 800, 
and 40 C.F.R. 
§ 6.301(b) 

Applicable The blimp hangars, Buildings 28 
and 29, are in the National Register 
of Historic Places.  Building 28 is 
located in the immediate vicinity of 
the MPA, and could potentially be 
impacted by the proposed remedial 
actions that include in situ treatment. 

Historic Sites, Buildings, and Antiquities Act of 1935 (16 U.S.C. §§ 461–467)b 
Historic sites Avoid undesirable impacts 

on landmarks. 
Areas designated as 
historic sites 

16 U.S.C. 
§§ 461–467,  
40 C.F.R. 
§ 6.301(a) 

Applicable See comment under National 
Historic Preservation Act. 

Exec. Order Number 11990, Protection of Wetlandsb 
Wetland Action to minimize the 

destruction, loss, or 
degradation of wetlands. 

Wetland as defined 
by Exec. Order 
No. 11990 Section 7 

40 C.F.R. 
§ 6.302(a) 

Relevant and 
Appropriate 

Jurisdictional wetlands have been 
identified at former MCAS Tustin by 
USACE.  Seasonal wetlands located 
approximately 110 feet southwest of 
MMS-04 have the potential to be 
affected by proposed remedial 
actions.  Wetlands are also located 
immediately downgradient of 
IRP-5S(a) and IRP-6.  Remedial 
actions would include measures to 
prevent or mitigate any anticipated 
impacts on wetlands areas. 

Exec. Order Number 11988, Floodplain Managementb 
Within floodplain Actions taken should avoid 

adverse effects, minimize 
potential harm, and restore 
and preserve natural and 
beneficial values. 

Action that will occur 
in a floodplain (i.e., 
lowlands), relatively 
flat areas, adjoining 
inland, coastal waters, 
and other flood-prone 
areas 
 

40 C.F.R. 
§ 6.302(b) 

Not an ARAR None of the proposed extraction wells 
or other equipment for the proposed 
OU-4B remedial action would be 
located within a FEMA-defined 
floodplain. 
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Table 4:  Federal Location-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Location Requirement Prerequisite Citationa 
ARAR 

Determination Comments 

Resource Conservation and Recovery Act (42 U.S.C. §§ 6901–6991[i])b 
Within 100-year 
floodplain 

Facility must be designed, 
constructed, operated, and 
maintained to avoid 
washout. 

RCRA hazardous 
waste; treatment, 
storage, or disposal of 
hazardous waste 

Cal. Code Regs. 
tit. 22, 
§ 66264.18(b) 

Not an ARAR See comment under Exec. Order 
No. 11988, Floodplain Management. 

Clean Water Act of 1977, as Amended, Section 404 (33 U.S.C. § 1344)b 
Wetland Action to prohibit discharge 

of dredged or fill material 
into wetland without permit. 

Wetland as defined by 
Exec. Order 
No. 11990 Section 7 

33 U.S.C. § 1344 Not an ARAR Discharge of dredged or fill material 
to a wetland is not planned as part of 
the response action. 

Fish and Wildlife Coordination Act (16 U.S.C. §§ 661–666c)b 
Area affecting 
stream or other water 
body 

Action taken should protect 
fish or wildlife. 

Diversion, 
channeling, or other 
activity that modifies 
a stream or other 
water body and 
affects fish or wildlife 

16 U.S.C. § 662 Not an ARAR Response actions are not anticipated 
to modify a stream or other water 
body. 

Wild and Scenic Rivers Act (16 U.S.C. §§ 1271–1287)b 
Within area affecting 
national wild, scenic, 
or recreational river 

Avoid taking or assisting in 
action that will have direct 
adverse effect on scenic 
river. 

Activities that affect 
or may affect any of 
the rivers specified in 
16 U.S.C. § 1276(a) 

16 U.S.C. 
§§ 1271–1287 

Not an ARAR No wild, scenic, or recreational rivers 
are at or in the vicinity of former 
MCAS Tustin. 

Rivers and Harbors Act of 1899 (33 U.S.C. §§ 401–413)b 
Navigable waters Permits required for 

structures or work in or 
affecting navigable waters. 

Activities affecting 
navigable waters 

33 U.S.C. § 403 
33 C.F.R. § 322 

Not an ARAR Former MCAS Tustin is not in the 
vicinity of navigable waters, nor would 
proposed remedial action likely impact 
said waters. 
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Table 4:  Federal Location-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Location Requirement Prerequisite Citationa 
ARAR 

Determination Comments 

Endangered Species Act of 1973 (16 U.S.C. §§ 1531–1543)b 
Habitat upon which 
endangered species 
or threatened species 
depend 

Federal agencies may not 
jeopardize the continued 
existence of any listed 
species or cause the 
destruction or adverse 
modification of critical 
habitat.  The Endangered 
Species Committee may 
grant an exemption for 
agency action if reasonable 
mitigation and enhancement 
measures are implemented, 
such as propagation, 
transplantation, and habitat 
acquisition. 

Determination of 
effect upon 
endangered or 
threatened species or 
its habitat; critical 
habitat upon which 
endangered species or 
threatened species 
depend 

16 U.S.C. 
§ 1536(a), 
(h)(1)(B) 

Not an ARAR OU-4B remedial activities will not 
affect any areas that support special 
status species or habitat. 

Migratory Bird Treaty Act of 1972 (16 U.S.C. §§ 703–712)b 
Migratory bird area Protects almost all species 

of native birds in the U.S. 
from unregulated “take” 
that can include poisoning 
at hazardous waste sites. 

Presence of migratory 
birds 

16 U.S.C. § 703 Not an ARAR This FS Report addresses 
contaminated groundwater at OU-
4B.  Migratory birds are not likely to 
be exposed to VOC-contaminated 
groundwater or be affected by 
remedial activities.  Coordination 
with the U.S. Fish and Wildlife 
Service during planning and 
implementation of remedial activities 
would be sought to further minimize 
potential risk. 

Marine Mammal Protection Act (16 U.S.C. §§ 1361–1421h)b 
Marine mammal 
area 

Protects any marine 
mammal in the U.S. except 
as provided by international 
treaties from unregulated 
“take.” 
 

Presence of marine 
mammals 

16 U.S.C. 
§ 1372(a)(2) 

Not an ARAR The project site is not in a coastal 
zone or area that would be habitat for 
marine mammals. 
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Table 4:  Federal Location-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Location Requirement Prerequisite Citationa 
ARAR 

Determination Comments 

Magnuson-Stevens Fishery Conservation and Management Act of 1976, as Amended (16 U.S.C. §§ 1801–1882)b 
Fishery under 
management 

Provides for conservation 
and management of 
specified fisheries within 
specified fishery 
conservation zones. 

Presence of managed 
fisheries 

16 U.S.C. 
§§ 1801–1882 

Not an ARAR The project site is not near areas of 
managed fisheries. 

Wilderness Act (16 U.S.C. §§ 1131–1136)b 
Wilderness area Area must be administered 

in such a manner as will 
leave it unimpaired as 
wilderness and preserve its 
wilderness character. 

Federally owned area 
designated as 
wilderness area 

16 U.S.C. 
§§ 1131–1136, 
50 C.F.R. 
§ 35.1–35.14 

Not an ARAR Former MCAS Tustin is not in a 
federally owned wilderness area. 

National Wildlife Refuge System Administration Act of 1996 (16 U.S.C. § 668dd–668ee)b 
Wildlife refuge No person shall take any 

animal or plant on any 
national wildlife refuge, 
except as authorized under 
50 C.F.R. § 27.51.  The 
disposing or dumping of 
wastes is prohibited. 

Area designated as 
part of National 
Wildlife Refuge 
System 

16 U.S.C. 
§ 668dd–668ee, 
Substantive 
provisions of  
50 C.F.R. 
§ 27.11–27.97 

Not an ARAR Former MCAS Tustin is not in an 
area designated as part of the 
National Wildlife Refuge System. 

Coastal Zone Management Act (16 U.S.C. §§ 1451–1464)b 
Within coastal zone Conduct activities in a 

manner consistent with 
approved state management 
programs. 

Activities affecting 
the coastal zone 
including lands 
thereunder and 
adjacent shore land 

16 U.S.C. 
§ 1456(c), 
15 C.F.R. pt. 930 

Not an ARAR Former MCAS Tustin is not within 
the coastal zone. 

Resource Conservation and Recovery Act (42 U.S.C. §§ 6901–6991[i])b 
Within 200 feet 
(61 meters) of a fault 
displaced in 
Holocene time 

New treatment, storage, or 
disposal of hazardous waste 
prohibited. 

RCRA hazardous 
waste; treatment, 
storage, or disposal of 
hazardous waste 

Cal. Code Regs. 
tit 22, 
§ 66264.18(a) 

Not an ARAR The nearest active fault with 
Holocene movement is the Newport-
Inglewood Fault approximately 8 
miles southwest of former MCAS 
Tustin. 
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Table 4:  Federal Location-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Location Requirement Prerequisite Citationa 
ARAR 

Determination Comments 

Within salt dome 
formation, 
underground mine, 
or cave 

Placement of 
noncontainerized or bulk 
liquid hazardous waste 
prohibited. 

RCRA hazardous 
waste; placement 

Cal. Code Regs. 
tit 22, 
§ 66264.18(c) 

Not an ARAR On the basis of geologic information 
presented in the main FS Report, salt 
domes, mines, or caves do not exist 
at or in the vicinity of former MCAS 
Tustin. 

Notes: 
a only the substantive provisions of the requirements cited in this table are potential ARARs 
b statutes and policies, and their citations, are provided as headings to identify general categories of potential ARARs for the convenience of the 

reader; listing the statutes and policies does not indicate that the DON accepts the entire statutes or policies as potential ARARs; specific 
potential ARARs are addressed in the table below each general heading; only substantive requirements of the specific citations are considered 
potential ARARs 

 

Acronyms/Abbreviations: 
ARAR – applicable or relevant and appropriate requirement 
Cal. Code Regs. – California Code of Regulations 
CERCLA – Comprehensive Environmental Response, 

Compensation, and Liability Act 
C.F.R. – Code of Federal Regulations 
DON – Department of the Navy 
Exec. Order No. – executive order number 
FEMA – Federal Emergency Management Agency 
FS – feasibility study 
IRP – Installation Restoration Program 
MCAS – Marine Corps Air Station 
MPA – Mingled Plumes Area 

 
OU – operable unit 
PRMP – Paleontological Resources Management Plan 
pt. – part 
Pub. L. No. – Public Law Number 
RCRA – Resource Conservation and Recovery Act 
§ – section 
SHPO – State Historic Preservation Office 
tit. – title 
U.S. – United States 
USACE – United States Army Corps of Engineers 
U.S.C. – United States Code 
VOC – volatile organic compound 
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Table 5:  State Location-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 
 

Location Requirement Prerequisite Citationb Determination Comments 

California Endangered Species Act (Cal. Fish & Game Code §§ 2050–2116)b  
Endangered species 
habitat  

No person shall import, 
export, take, possess, or 
sell any endangered or 
threatened species or part 
or product thereof.  

Threatened or 
endangered species 
determination on or 
before 01 January 
1985 or a candidate 
species with proper 
notification  

Cal. Fish & 
Game Code § 

2080 

Not an ARAR OU-4B remedial actions will not affect 
any areas that support California-listed 
endangered species or habitat.  

California Coastal Act of 1976b  
Coast  Regulates activities 

associated with 
development to control 
direct significant impacts 
on coastal waters and to 
protect state and national 
interests in California 
coastal resources.  

Any activity that 
could impact coastal 
waters and resources  

Cal. Pub. Res. 
Code §§ 30000– 

30900; Cal. 
Code Regs. tit. 
14, §§ 13001– 

13666.4 

Not an ARAR Former MCAS Tustin is not located 
within an area governed by this statute.  

 
 Notes:  
a Only the substantive provisions of the requirements cited in this table are potential ARARs  
b Statutes and policies, and their citations, are provided as headings to identify general categories of potential ARARs for the convenience of the reader; listing 

the statutes and policies does not indicate that the DON accepts the entire statutes or policies as potential ARARs; specific potential ARARs follow each 
general heading; only substantive requirements of the specific citations are considered potential ARARs  

 

  
Acronyms/Abbreviations:  

 

 ARAR – applicable or relevant and appropriate requirement  MCAS – Marine Corps Air Station  
 Cal. Code Regs. – California Code of Regulations  OU − operable unit  
 Cal. Fish & Game Code – California Fish and Game Code  § – section  
 Cal. Pub. Res. Code – California Public Resources Code  tit. − title  
 DON − Department of the Navy  
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Table 6:  Federal Action -Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Action Requirement Prerequisite Citation Determination Comments 

Safe Drinking Water Act (42 U.S.C. § 300f et seq.)*  
Underground 
injection of 
chemicals  

The UIC program prohibits 
injection activities that 
allow movement of 
contaminants into 
underground sources of 
drinking water that may 
result in violations of 
primary drinking water 
standards, other health 
based standards, or 
adversely affect health.  

Underground 
injection well  

40 C.F.R. §§ 
144.12 (a) and 
144.82 (a)(1) 

Applicable 
(Alternative 4) 

Injection wells for ISB and ISCO alternatives 
would be Class V wells under the UIC 
program. Substantive provisions of 40 C.F.R. 
§ 144.12 (a) and 144.82 (a)(1) are potentially 
applicable. The injection of treatment 
products would not cause the shallow 
groundwater at OU-4B to violate MCLs or to 
adversely affect human health.  

Resource Conservation and Recovery Act (42 U.S.C. § 6901 et seq.)*  
Waste generation  Generator must determine if 

waste is a RCRA hazardous 
waste.  

Generation of solid 
waste, including 
extracted 
groundwater  

Cal. Code Regs. 
tit. 22, §§ 

66262.10(a), 
66262.11, and 

66264.13(a) and 
66264.13(b) 

Applicable 
(Alternatives 2 

and 4) 

Potentially applicable for any extracted 
groundwater, soil cuttings from well 
installation, trench spoils, and treatment 
residuals (e.g., spent GAC) that are 
generated. The generation of hazardous 
waste is not anticipated; however, all wastes 
would be tested upon generation.  

Hazardous waste 
accumulation  

On-site hazardous waste 
accumulation is allowed for 
up to 90 days as long as the 
waste is stored in containers 
or tanks, on drip pads, or 
inside buildings, and is 
labeled and dated, etc.  

Accumulation of 
hazardous waste  

Cal. Code Regs. 
tit. 22, § 
66262.34 

Relevant and 
Appropriate 

(Alternatives 2 
and 4) 

Not applicable in that hazardous waste is not 
anticipated to be generated and transported; 
however, RCRA hazardous waste 
constituents are present. The determination 
of whether waste is hazardous would be 
made at the time of generation.  

Groundwater 
monitoring  

Owners/operators of a 
RCRA surface 
impoundment, waste pile, 
land-treatment unit, or 
landfill shall conduct a 
monitoring and response 
program for each regulated 
unit.  

Surface 
impoundment, waste 
pile, land-treatment 
unit, or landfill for 
which constituents 
in or derived from 
waste in the unit 
may pose a threat to 
human health or the 
environment  

Cal. Code Regs. 
tit. 22, § 

66264.91(c), 
except as it 

cross- 
references 

permit 
requirements 

Relevant and 
Appropriate 

(Alternatives 2 
and 4) 

Not applicable because OU-4B does not 
include a RCRA-permitted facility, and none 
are planned as a part of the remedial action. 
However, substantive provisions are 
potentially relevant and appropriate for 
groundwater monitoring during remedial 
action because RCRA hazardous waste 
constituents are present in groundwater.  
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Table 6:  Federal Action -Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Action Requirement Prerequisite Citation Determination Comments 

 The POC is a vertical 
surface located at the 
hydraulically downgradient 
limit of the waste 
management area that 
extends through the 
uppermost aquifer 
underlying the regulated 
unit. 

Hazardous waste 
treatment or disposal 

Cal. Code Regs. 
tit. 22, § 
66264.95 

Not an ARAR The Navy is not designating a point of 
compliance for this remedial action; most 
remedial alternatives would implement 
technologies or processes that reduce 
contaminant concentrations throughout the 
plume. 

 Requirements for 
monitoring groundwater, 
surface water, and the 
vadose zone.  

RCRA hazardous 
waste, treatment, 
storage, or disposal 
facilities  

Cal. Code Regs. 
tit. 22, §§ 
66264.97 
(b)(1)(A), 
66264.97 

(b)(1)(D)(1) and 
66264.97 

(b)(1)(D) (2), 
66264.97 
(b)(4-7), 

66264.97(e)(6), 
66264.97 

(12)(A) and 
66264.97 
(12)(B), 

66264.97(13), 
and 66264.97 

(15) 

Relevant and 
Appropriate 

(Alternatives 2 
and 4) 

Substantive provisions are potentially 
relevant and appropriate for groundwater 
monitoring as a part of remedial action at 
OU-4B. Essentially the same as state 
requirements at Cal. Code Regs. tit. 23, § 
2550.7 and tit. 27, § 20415.  

 Requirements for detection 
monitoring program.  

RCRA hazardous 
waste, treatment, 
storage, or disposal 
facilities  

Cal. Code Regs. 
tit. 22, §§ 

66264.98(e) 
(1-5), 66264.98 

(i), 66264.98 
(j), 66264.98 

(k)(1–3), 
66264.98(k) 
(4)(A) and 

66264.98(k)(4) 
(D), 

Relevant and 
Appropriate 

(Alternatives 2 
and 4) 

Substantive provisions are potentially 
relevant and appropriate for remedial action 
including groundwater monitoring at OU-4B. 
Essentially the same as state requirements at 
Cal. Code Regs. tit. 23, § 2550.8 and tit. 27, 
§ 20420.  
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Table 6:  Federal Action -Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Action Requirement Prerequisite Citation Determination Comments 

66264.98(k)(5), 
66264.98(k) 
(7)(C) and 

66264.98(k)(7) 
(D), 66264.98 

(n)(1) and 
66264.98(n)(2) 

(B) and  
66264.98(n)(2) 

(C) 
Corrective action 
monitoring  

The owner or operator shall 
establish and implement, in 
conjunction with the 
corrective action measures, 
a water quality monitoring 
program that will 
demonstrate the 
effectiveness of the 
corrective action program 
and be effective in 
determining compliance 
with the water quality 
protection standard and in 
determining the success of 
the corrective action 
measures under (c) of this 
section.  

Hazardous waste 
treatment, storage, 
or disposal facility  

Cal. Code Regs. 
tit. 22, § 

66264.100(d) 

Relevant and 
Appropriate 

(Alternatives 2 
and 4) 

Substantive provisions are potentially 
relevant and appropriate for the groundwater 
remedial action.  

 

The corrective action 
program is complete when 
compliance with the water 
quality standard is 
demonstrated based on the 
results of sampling and 
analysis for all constituents 
of concern for a period of 1 
year.  

Hazardous waste 
treatment, storage, 
or disposal facility  

Cal. Code Regs. 
tit. 22,  

§ 66264.100 
(g)(1) 

Relevant and 
Appropriate 

(Alternatives 2 
and 4) 

Potentially relevant and appropriate for the 
groundwater remedial action.  
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Table 6:  Federal Action -Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Action Requirement Prerequisite Citation Determination Comments 

Containment and 
detection of releases 

In order to prevent release 
of hazardous waste or 
hazardous constituents to 
the environment, tank 
systems, including piping as 
ancillary equipment, shall 
have secondary containment 
(e.g., double-wall piping), 
meeting the requirements of 
Cal. Code Regs. tit. 22, 
§ 66264.193(b) and (c). 

RCRA hazardous 
waste, treatment, 
storage, or 
disposal facilities 

Cal. Code Regs. 
tit. 22, 

§ 66264.193(a), 
(b), (c), and (f) 

Not an ARAR Potentially applicable if piping of a 
groundwater-extraction system may convey 
groundwater contaminants exceeding the 
TCLP limits.  Not an ARAR for OU-4B 
because COC concentrations in groundwater 
are below the TCLP limit. 

Placement of waste 
in land disposal unit 

Must attain land disposal 
treatment standards before 
putting RCRA hazardous 
waste into a permitted 
disposal facility. 

Placement of RCRA 
hazardous waste in a 
landfill, surface 
impoundment, waste 
pile, injection well, 
land treatment 
facility, salt dome 
formation, or 
underground mine 
or cave 

Cal. Code Regs. 
tit. 22, § 

66268.40 and 
66268.42 

Not an ARAR In the unlikely event that soil cuttings, trench 
spoils, and/or excavated soils are determined 
to be RCRA hazardous waste, these materials 
would be sent to a permitted off-site facility 
in compliance with 40 C.F.R. § 300.440. 

Use of equipment 
that contacts 
hazardous waste 
with organic 
concentrations 
greater than 
10 percent by weight 

Air emission standards for 
process vents or equipment 
leaks. 

Equipment that 
contains or contacts 
hazardous waste 
with organic 
concentrations of at 
least 10 percent by 
weight or process 
vents associated 
with specified 
operations that 
manage hazardous 
wastes with organic 
concentrations of at 
least 10 ppmw 

Cal. Code Regs. 
tit. 22, 

§ 66264.1030–
1034 (excluding 

1030[c], 
1033[j], 

1034[c][2], 
1034[d][2]) and 

66264.1050–
1063 (excluding 

1050[c], 
1050[d], 

1057[g][2], 
1061[d], 

1063[d][3]) 

Not an ARAR Excavated soils and extracted groundwater 
are not anticipated to be hazardous waste.  
VOCs in groundwater are significantly less 
than 10 percent by weight. 
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Table 6:  Federal Action -Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Action Requirement Prerequisite Citation Determination Comments 

Clean Water Act, as Amended (33 U.S.C., ch. 26, §§ 1251–1387)* 
Discharge to surface 
waters 

Owners and operators of 
construction activities must 
be in compliance with 
discharge standards. 

Construction 
projects of  
1 acre or more 

CWA Section 
402 (33 U.S.C. 
ch. 26, § 1342) 

and 
Section 301(b) 
(33 U.S.C. ch. 

26, § 1311), and 
40 C.F.R.  

§ 122.44(k)(2) 
and (4) 

Not an ARAR Removal actions proposed do not include 
construction meeting the minimum size 
prerequisite or direct discharge.  However, 
measures would be taken to minimize the 
potential for incidental discharge of soil to 
the local drainage system. 

Filling of wetlands Use appropriate and 
practicable mitigation 
measures to minimize 
potential adverse impacts of 
the discharge on the aquatic 
ecosystem. 

Discharge of 
dredged and fill 
material into waters 
of the United States, 
including adjacent 
wetlands 

40 C.F.R. § 
230.10 [d], 

subpt. H 

Not an ARAR Discharge of dredged or fill material is not 
planned as a part of the remedial action for 
OU-4B.  Backfilling under Alternatives 4a 
through 4d would be minimal or performed 
as a part of installation of remedial materials 
(Alternative 4d). Therefore, remedial 
activities would not have the potential to 
discharge fill to nearby waters or wetlands. 

Clean Air Act (42 U.S.C. §§ 7401–7671)* 
Discharge to air NAAQS – primary and 

secondary standards for 
ambient air quality to 
protect public health and 
welfare (including standards 
for particulate matter and 
lead). 

Contamination of air 
affecting public 
health and welfare 

40 C.F.R.  
§ 50.4–50.12 

Not an ARAR Federal NAAQS are nonenforceable 
standards. 

 Requires distribution of a 
public notice to each 
address within a 0.25-mile 
radius of the project for any 
significant project. 

Definition of 
significant projects 

SCAQMD 
Rule 212  

Not an ARAR The GAC-based treatment system at OU-1A 
does not qualify as a significant project. 
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Table 6:  Federal Action -Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Action Requirement Prerequisite Citation Determination Comments 

 The discharge of materials 
from any source in 
quantities that may cause 
injury, detriment, nuisance, 
or annoyance to the public 
is prohibited. 

Contamination of air 
affecting public 
health and welfare 

SCAQMD Rule 
402 

Not an ARAR Rule 402 is vague and subjective, and lacks 
objective “standards, requirements, criteria, 
or limitations” within the meaning of 
CERCLA Section 121(d)(2).   

 
Note:  
* Statutes and policies, and their citations, are provided as headings to identify general categories of potential ARARs for the convenience of the reader; listing the statutes and 
policies does not indicate that the DON accepts the entire statute or policies as potential ARARs; specific potential ARARs are addressed in the table below each general 
heading; only substantive requirements of specific citations are considered potential ARARs  

Acronyms/Abbreviations:  
A – applicable  
ARAR – applicable or relevant and appropriate requirement  
Cal. Code Regs. – California Code of Regulations 
 CERCLA – Comprehensive Environmental Response, Compensation, and Liability 
Act  
C.F.R. – Code of Federal Regulations ch. – chapter  
COC – chemical of concern  
CWA – Clean Water Act  
DON – Department of the Navy  
GAC – granular activated carbon  
IC – institutional control  
IRP – Installation Restoration Program  
ISB – in situ bioremediation  
ISCO – in situ chemical oxidant  
MCL – maximum contaminant level  
MNA – monitored natural attenuation  
NAAQS – National Ambient Air Quality Standards  

OU – operable unit  
POC – point of compliance  
ppmw – parts per million by weight  
RA – relevant and appropriate  
RCRA – Resource Conservation and Recovery Act  
§ – section  
SCAQMD – South Coast Air Quality Management District  
SIP – State Implementation Plan  
subpt. – subpart  
TBC – to be considered  
TCLP – toxicity characteristic leaching procedure  
tit. – title  
UIC – underground injection control  
U.S.C. – United States Code  
VOC – volatile organic compound 
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Table 7:  State Action-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Action Requirement Prerequisite Citationb Determination Comments 

Cal/EPA Department of Toxic Substances Control* 
Land-use 
covenants 

A land-use covenant imposing 
appropriate limitations on land use 
shall be executed and recorded when 
Facility closure, corrective action, 
remedial or removal action, or other 
response actions are undertaken and 
hazardous materials, hazardous 
wastes or constituents, or hazardous 
substances will remain at the property 
at levels which are not suitable for 
unrestricted use of the land. 

Property transfer 
by federal 

government to 
nonfederal 

entity. 

Cal. Code Regs. 
tit. 22, § 67391.1 

Relevant and 
Appropriate 

(Alternatives 2 and 4)

Cal. Code Regs. tit. 22, § 67391.1 provides 
for a land-use covenant to be executed and 
recorded when remedial actions are taken 
and hazardous substances will remain at the 
property at concentrations that are unsuitable 
for unrestricted use of the land.  The 
substantive provisions of this regulation have 
been determined to be relevant and 
appropriate state ARARs by the DON. 

California Civil Code* 
Land-use 
controls 

Provides conditions under which 
land-use restrictions will apply to 
successive owners of land. 

Transfer property 
from the DON to 

a nonfederal 
agency. 

Cal. Civil Code 
§ 1471 

Relevant and 
Appropriate 

(Alternatives 2 and 4)

Generally, Cal. Civ. Code § 1471 allows an 
owner of land to make a covenant to restrict 
the use of land for the benefit of a covenant.  
The covenant runs with the land to bind 
successive owners, and the restrictions must 
be reasonably necessary to protect present or 
future human health or safety or the 
environment as a result of the presence on 
the land of hazardous materials, as defined in 
Cal. Health & Safety Code § 25260.  
Substantive provisions are the following 
general narrative standard:  “to do or refrain 
from doing some act on his or her own land 
. . .where (c) Each such act relates to the use 
of land and each such act is reasonably 
necessary to protect present or future human 
health or safety or the environment as a result 
of the presence of hazardous materials, as 
defined in Section 25260 of the California 
Health and Safety Code.”  This narrative 
standard would be implemented through 
incorporation of restrictive covenants in the 
deed and Environmental Restriction and 
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Table 7:  State Action-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Action Requirement Prerequisite Citationb Determination Comments 

Covenant Agreement at the time of transfer.   

California Underground Storage Tank Program* 

Corrective action 
for underground 
tanks 

Regulates permitting and testing of 
underground tanks, and specifies 
corrective-action requirements for 
discharges from tanks. 

UST source. Cal. Code Regs. 
tit. 23, div. 3, ch. 
16 (underground 
tank regulations) 

Not an ARAR No UST sources of CERCLA hazardous 
substances, or contaminants or pollutants, are 
associated with former MCAS Tustin OU-
4B. 

California Health and Safety Code* 

Waste recycling Generation, storage, and 
transportation of hazardous waste for 
recycling must comply with 
requirements of Cal. Code Regs. 
tit. 22, § 66266.  Regeneration of 
spent GAC may be regulated if this 
material is a hazardous waste. 

Material must be 
recycled and 
reused on-site or 
at another facility 
owned by the 
owner of the 
material. 

Cal. Health & 
Safety Code 
§ 25143.2 

Not an ARAR The spent GAC generated by OU-4B 
remedial actions is not likely to be 
hazardous.  Spent GAC would not be owned 
by the DON or recycled at a DON facility.  It 
would be managed entirely by a service 
contractor at its permitted facility. 

Institutional 
controls 

Allows DTSC to enter into an 
agreement with the owner of a 
hazardous waste facility to restrict 
present and future land uses. 

Transfer property 
from the DON to 
a nonfederal 
agency. 

Cal. Health & 
Safety Code  
§ 25202.5 

Relevant and 
Appropriate 

(Alternatives 2 and 4)

The substantive provisions of Cal. Health & 
Safety Code § 25202.5 are the general 
narrative standards to restrict “present and 
future uses of all or part of the land on which 
the . . . facility . . . is located . . .”  

 Provides a streamlined process to be 
used to enter into an agreement to 
restrict specific use of property in 
order to implement the substantive 
use restrictions of Cal. Health & 
Safety Code § 25232(b)(1)(A)–(E). 

Transfer property 
from the DON to 
a nonfederal 
agency. 

Cal. Health & 
Safety Code 
§§ 25222.1 and 
25355.5(a)(1)(C), 
25232(b)(1)(A)-
(E) 

Relevant and 
Appropriate 

(Alternatives 2 and 4)

Generally, Cal. Health & Safety Code 
§§ 25222.1 and 25355.5(a)(1)(C) provide the 
authority for the DTSC to enter into 
voluntary agreements with land owners to 
restrict the use of property.  The agreements 
run with the land restricting present and 
future uses of the land.  The substantive 
requirements of the following Cal. Health & 
Safety Code § 25222.1 provisions are 
relevant and appropriate:  (1) the general 
narrative standard:  “restricting specified uses 
of the property . . .” and (2) “. . . the 
agreement is irrevocable, and shall be 
recorded by the owner, . . . as a hazardous 
waste easement, covenant, restriction or 
servitude, or any combination thereof, as 
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Table 7:  State Action-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Action Requirement Prerequisite Citationb Determination Comments 

appropriate, upon the present and future uses 
of the land.”  The substantive requirements 
of the following Cal. Health & Safety Code 
§ 25355.5(a)(1)(C) provisions are “relevant 
and appropriate”:  . . . execution and 
recording of a written instrument that 
imposes an easement, covenant, restriction, 
or servitude, or combination thereof , as 
appropriate, upon the present and future uses 
of the land.”   

 Prohibits certain uses of land 
containing hazardous waste without a 
specific variance. 

Hazardous waste 
property. 

Cal. Health & 
Safety Code 
§ 25232(b)(1) 
(A)–(E) 

Not an ARAR Land containing hazardous waste is not 
present at OU-4B sites. 

 Provides processes and criteria for 
obtaining written variances from a 
land-use restriction and for removal 
of the land-use restrictions. 

Transfer property 
from the DON to 
a nonfederal 
agency. 

Cal. Health & 
Safety Code 
§§ 25233(c) and 
25234 

Relevant and 
Appropriate 

(Alternatives 2 and 
4) 

Cal. Health & Safety Code § 25233(c) sets 
forth relevant and appropriate substantive 
criteria for granting variances based upon 
specified environmental and health criteria. 
Cal. Health & Safety Code § 25234 sets forth 
the following relevant and appropriate 
substantive criteria for the removal of a land-
use restriction on the grounds that “. . . the 
waste no longer creates a significant existing 
or potential hazard to present or future public 
health or safety.”   

South Coast Air Quality Management District* 
Air discharge No person shall discharge into the 

atmosphere from any single source of 
emissions any air contaminant for 
more than 3 minutes in any 60-
minute period that is as dark as or 
darker than number 1 on the 
Ringelmann chart. 

Discharge of any 
air contaminant 
other than 
uncombined 
water vapor. 

SCAQMD 
Rule 401(b)(1)(A) 

Applicable 
(Alternatives 2 and 

4) 

Fugitive dust emissions are expected  
from drilling and waste soil handling.  
Measures would be taken to control 
dust emissions. 
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Table 7:  State Action-Specific Applicable or Relevant and Appropriate Requirements for OU-4B 

Action Requirement Prerequisite Citationb Determination Comments 

 Dust or fumes, including lead or lead 
compounds, may not be discharged to 
the atmosphere in amounts that 
exceed standards during any 1-hour 
period. 

Any source of 
dust or fumes, 
including lead 
and lead 
compounds. 

SCAQMD 
Rules 403 and 405 

Applicable 
(Alternatives 2 and 

4) 

Fugitive dust emissions are expected  
from drilling and waste soil handling.  
Measures would be taken to control 
dust emissions. 

 Particulate matter from any source 
may not be discharged to the 
atmosphere in excess of 0.1 grain per 
cubic foot (0.230 milligram per cubic 
meter) of particulate matter in gas 
calculated as dry gas at standard 
conditions. 

Discharge of 
particulate matter 
into atmosphere. 

SCAQMD 
Rule 404 

Applicable 
(Alternatives 2 and 

4) 

Fugitive dust emissions are expected  
from drilling and waste soil handling.  
Measures would be taken to control 
dust emissions. 

Air emission T-BACT must be employed for new 
stationary equipment when the 
operation of that equipment results in 
a higher than allowable maximum 
individual cancer risk. 

Stationary source 
that emits 
carcinogenic air 
contaminants. 

SCAQMD 
Rule 1401 

Applicable 
(Alternatives 2  

and 4) 

Proposed remedial actions have the potential 
to emit VOCs that are listed as carcinogenic 
air contaminants.  The groundwater waste 
stream generated during monitoring and 
extraction will be disposed off-site or treated 
effectively by use of GAC filters. 

 
Note:  
* Statutes and policies, and their citations, are provided as headings to identify general categories of potential ARARs for the convenience of the reader;  
listing the statutes and policies does not indicate that the DON accepts the entire statutes or policies as potential ARARs; specific potential ARARs are  
addressed in the table below each general heading; only substantive requirements of the specific citations are considered potential ARARs  

Acronyms/Abbreviations:   
ARAR – applicable or relevant and appropriate requirement  ISB – in situ bioremediation 
Cal. Civ. Code – California Civil Code  MCAS – Marine Corps Air Station  
Cal. Code Regs. – California Code of Regulations  MNA – monitored natural attenuation  
Cal/EPA – California Environmental Protection Agency  MPA – Mingled Plumes Area  
Cal. Health & Safety Code – California Health and Safety Code  OU – operable unit  
CERCLA – Comprehensive Environmental Response, Compensation, and Liability Act  § – section  
ch. – chapter  SCAQMD – South Coast Air Quality Management District  
div. – division  T-BACT – best available control technology for toxics  
DON – Department of the Navy  TBC – to be considered  
DTSC – Department of Toxic Substances Control  tit. – title  
GAC – granular activated carbon  U.S. EPA – United States Environmental Protection Agency  
IC – institutional control  UST – underground storage tank  
IRP – Installation Restoration Program  VOC – volatile organic compound  
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RESPONSIVENESS SUMMARY 
FORMER MARINE CORPS AIR STATION (MCAS) TUSTIN, CALIFORNIA 

PROPOSED PLAN/DRAFT REMEDIAL ACTION PLAN FOR OPERABLE UNIT (OU) – 4B 

Comments Received During Public Meeting Held on February 11, 2009 

Comments by: Don Zweifel, RAB Member 

Number Comments Responses 

1 The nine criteria, I need to review these real 
quickly, because this is the first time I have seen 
them, I'm just sorry to say.  So I think, in the 
meantime, if somebody else could ask a question, 
and I will quickly review this and see if I think that 
DON's recommendation regarding Alternative 4, 
in regards to IRP-5S(a), IRP-6 would be what I 
would  think would be appropriate and, of course, 
having to do with your recommendation, DON's 
recommendation in regards to Alternative 2 for 
IRP-13W and Mingled Plume Site 4.  And, of 
course, so let's see.  Maybe the idea is, and I 
mention this:  The idea is to find out, I would like 
to know the Navy's reasoning behind why 
Alternative 6 was -- I think that's one thing I want 
to know, why Alternative 6 was chosen, why you 
chose the Alternative 6 for MNA and In Situ 
controls for Mingled Plumes Area, MPA. Why did 
you?  I guess I can ask:  Well, why did you think 
that Alternative 6 was the most feasible, or I 
mean, did you -- we have gone through this.  I 
have been doing this since '94.  And I think, if I'm 
not mistaken, some of us here have also.  And so 
I think that's what we need to do, is we need to 
find out why you chose Alternative 6, why you 
chose Alternative 4 over the others.  And, Jim, I 
know you can answer this when you have an 
opportunity to.  In the meantime, I'm going to 
review these real quick and see what I can come 
up with. 

The preferred alternatives for OU-4B sites presented 
in the Proposed Plan were based on a comprehensive 
detailed analysis of each alternative and a 
comparative analysis of their relative performance with 
respect to two threshold and five balancing criteria; in 
accordance with the National Oil and Hazardous 
Substances Contingency Plan (NCP), and as required 
by the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA).   
 
The comparative analysis presented in the Feasibility 
Study (FS) Report and in Tables 1 and 2 of the 
Proposed Plan for OU-4B was intended to distinguish 
the relative advantages and disadvantages of the 
alternatives and identify key tradeoffs that must be 
balanced during the remedy selection process.  The 
two NCP threshold criteria, protection of human health 
and the environment and compliance with applicable 
or relevant and appropriate requirements (ARARs), 
must be satisfied.  The five balancing NCP criteria 
include long-term effectiveness; reduction of 
contaminant toxicity, mobility, or volume through 
treatment; short-term effectiveness; implementability; 
and cost.  Long-term effectiveness was given the most 
weight, followed by implementability, and then cost. 
When two or more alternatives were rated 
comparably, cost was used as the deciding factor to 
present the preferred alternative.   
 
The remedies for OU-4B sites were selected after 
considering all nine NCP criteria, including the last two 
modifying criteria, community acceptance and State 
acceptance, as intended by the NCP and CERCLA.  
These criteria were incorporated based on considering 
all public and agency comments received during the 
public comment period (February 4 to March 5, 2009), 
including those received during the Public Meeting 
held on February 11, 2009.   
 
Public and regulatory agency comments that were 
received during the public comment period indicated a 
preference for Alternative 4, In Situ Bioremediation 
(ISB)/Monitored Natural Attenuation (MNA)/ 
Institutional Controls (ICs) over Alternative 6, 
Hydraulic Control (the preferred alternative presented 
in the Proposed Plan) for the Mingled Plumes Area 
(MPA).    
 
The selected remedies (Alternative 2, ICs) for the 
three OU-4B low concentration sites: Installation 
Restoration Program (IRP)-11, -13W, and MMS-04; 
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RESPONSIVENESS SUMMARY 
FORMER MARINE CORPS AIR STATION (MCAS) TUSTIN, CALIFORNIA 

PROPOSED PLAN/DRAFT REMEDIAL ACTION PLAN FOR OPERABLE UNIT (OU) – 4B 

Comments Received During Public Meeting Held on February 11, 2009 

Comments by: Don Zweifel, RAB Member 

Number Comments Responses 

and (Alternative 4, ISB/MNA/ICs) for the three 
moderate concentration sites: IRP-5S(a), -6, and the 
MPA  will therefore meet the two threshold criteria and 
provide the best balance of tradeoffs with respect to 
the five balancing and two modifying criteria.  

2 Let's look at page 28.  Let's try to determine why 
the Navy chose Alternative 4 for IRP-5S(a).  So 
we come up with, my gosh, it looks like Alternative 
5 looks rather -- may I tell you that Alternative 5, 
the reason why I liked it is because the cost is 
low.  The relative cost is low here.  At least now -- 
wait a minute.  Let's look at this.  Now, it says 2.3 
million for Alternative 5, for IRP-5S(a).   
 
But then, again, if we look at that, well, wait a 
minute, 2.3 million, well, let's look at 4 here, and 
that's less than Alternative 5.  Alternative 4 is 
listed as 1.7 million; and yet, Alternative 5 is listed 
2.3 million.  So therefore, you would think that 
Alternative 5 would be, would be -- because what 
attracted it to me was the fact that it has a circle 
with nothing in it, which means it has a low cost.  
On the other hand, that is not the case. 

For IRP-5S(a), Alternative 4 (ISB/MNA/ICs) was 
identified in the Proposed Plan as the preferred 
alternative over Alternative 5 (In Situ Chemical 
Oxidation [ISCO]/ISB/MNA/ICs) due to relatively better 
long-term effectiveness, implementability, and lower 
cost, as shown in the comparative analysis of 
alternatives for IRP-5S(a) in Table 2 of the Proposed 
Plan.  In this Table, the hollow circle symbol used for 
the cost criteria means relative lower performance 
(less favorable) due to the higher cost.  

3 Let's again look at page 28.  Don Zweifel, Co-
chair RAB.  Page 28, Alternative 2, okay, well, 
now that I have been corrected on this, then let's 
look at Alternative 2, IRP-5S(a), and we find out 
that the cost, what is the cost benefit.  You know 
what you should do maybe here is state it is not 
cost.  It is the cost-to-benefit ratio.  That would 
make a lot more sense, because it looks like the 
Alternative 2 has a high cost-to-benefit ratio.  By 
that I mean, maybe I should say, no, no, I'm sorry, 
a low cost-to-benefit ratio.  I beg your pardon.  
And so that would be, and so then why is it?  
That's what, see, we need.   

I remember, over at El Toro years ago, if I'm not 
mistaken, we used to say cost-to-benefit ratio, not 
cost, because it's a little bit -- you know, I think 
that's what we're talking about here, is the cost-to-
benefit ratio, isn't it?  If it is, that needs to be 
added to this. We are talking about cost-to-benefit 
ratios here.  And that is important, right, Jim?  We 
want to find out what has the lowest cost-to-
benefit ratio, would you think, or isn't that what we 
are looking for or am I mistaken?  Isn't that what 
you want?   

The full circle symbol used for the cost for Alternative 
2 for IRP-5S(a) as shown in Table 2 of the Proposed 
Plan means relatively higher performance (lower cost) 
when compared to the cost for other alternatives. Cost 
to benefit ratios are intrinsic parts of the comparative 
evaluation process using the nine NCP criteria 
(performed during the FS) as presented in Tables 1 
and 2 of the Proposed Plan.  Other criteria/benefits 
not specifically evaluated during the FS are 
considered as a part of the two NCP modifying 
criteria, community acceptance and State acceptance 
whereby public and agency comments are considered 
as an integral part of the remedy selection process 
(please see response to your Comment Number 1 
above)   . 
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FORMER MARINE CORPS AIR STATION (MCAS) TUSTIN, CALIFORNIA 

PROPOSED PLAN/DRAFT REMEDIAL ACTION PLAN FOR OPERABLE UNIT (OU) – 4B 

Comments Received During Public Meeting Held on February 11, 2009 

Comments by: Don Zweifel, RAB Member 

Number Comments Responses 

4 You know, again, I don't like the way -- I'm sorry.  
I have to go on record.  Once in awhile, I have a 
disagreement.  My disagreement with this, it is 
just that the only thing I ask you guys to do is, 
when you choose -- over the years, we have been 
doing this, for many years, since '94, as you 
know.   

And what we always like to do is try to find out 
precisely why the Navy has chosen an alternative 
or tentatively chosen an alternative for let's say in 
the case of IRP-5S(a).  And in regards to 
Alternative 2 and in regards to Alternative 6, I 
think we need more of an explanatory element 
here.  That's all I'm asking.  It is vital.  We have 
got to have that.  

Please see the response to your comment Number 1 
above. 
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RESPONSIVENESS SUMMARY 
FORMER MARINE CORPS AIR STATION (MCAS) TUSTIN, CALIFORNIA 

PROPOSED PLAN/DRAFT REMEDIAL ACTION PLAN FOR OPERABLE UNIT (OU) – 4B 

Comments Received During Public Meeting Held on February 11, 2009 

Comments by: Matt Suarez, RAB Member 

Number Comments Responses 

1 I'm here for South Orange County Community College 
District.  I'm a RAB member.  On the various areas of 
examination you have given to the surface area, 12 by 
20 feet and so forth, where do we look to find out the 
depth and which water zones are affected, and is it all 
the way down or is it in a certain layer, so we have 
some sense of the volume that is contaminated? 

Detailed information on the extent of 
contamination in the three shallow water bearing 
zones at the OU-4B sites is presented in the 
Feasibility Study Report for OU-4B and other 
investigation reports, which are available for 
review at the Administrative Record File located 
at the address provided in the Proposed Plan. 
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RESPONSIVENESS SUMMARY 
FORMER MARINE CORPS AIR STATION – TUSTIN, CALIFORNIA 

PROPOSED PLAN/DRAFT REMEDIAL ACTION PLAN FOR OPERABLE UNIT (OU) – 4B 

Comments Received During Public Meeting Held on February 11, 2009 

Comments by: Susan Reynolds, RAB Member 

Number Comments Responses 

1 Jim, I'm wondering, in the low concentration sites 
since from '96 testing to 2003 testing in all three 
sites, it was, the levels were reduced significantly.  
Why wouldn't you retest now and perhaps be able 
to be done with one or all three of these?   
 
 

As presented in the Proposed Plan for OU-4B, the 
Navy is planning to install one monitoring well at 
MMS-04, and based on quarterly monitoring results 
from this single well, this site may be recommended 
for no further action (NFA) (if data indicate that 
concentrations of trichloroethene [TCE] are below 
the the Maximum Contaminant Level [MCL] of 5 
micrograms/liter [µg/L]).  Previous data for this site 
were collected using only hydropunch results; the 
planned monitoring well will be located near the 
single, slight exceedance of the MCL at this site.    
 
Previous monitoring results from the other two low 
concentration sites IRP-11 and -13W are not low 
enough to allow a similar approach as that used for 
MMS-04.  However, the Navy will be installing 
additional wells at these sites, and when 
remediation goals are achieved; these sites will be 
closed out of the CERCLA process. 
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RESPONSIVENESS SUMMARY 
FORMER MARINE CORPS AIR STATION (MCAS) TUSTIN, CALIFORNIA 

PROPOSED PLAN/DRAFT REMEDIAL ACTION PLAN FOR OPERABLE UNIT (OU) – 4B 

Comments Received from City of Tustin on March 06, 2009 

Comments by: Matt West, Redevelopment Project Manager 

Number Comments Responses 

1 The City continues to have the following comments from the 
previous Proposed Plan/Draft Remedial Action Plan for 
Operable Unit 4B, previously noted in a letter to you dated 
October 8, 2008: 
 
The City of Tustin and representatives of Tustin Legacy 
Community Partners (TLCP), the Master Developer for property 
affected by the Mingled Plumes Area, continue to request 
reconsideration of the Navy's proposed selection of Alternative 
6 over Alternative 4 for the MPA site and strongly urge that 
Alternative 4 be selected as the preferred remedy for the MPA 
site. 
 
It appears that one significant determinant used by the Navy in 
selecting Alternative 6 over Alternative 4 is an assumption that 
Alternative 6 has a lower estimated cost than Alternative 4 
($1.38 million vs. $2.07 million, respectively).  However, it must 
be recognized that the cost estimated for Alternative 4 is 
assumed to be a total cost through the completion of the 
proposed remedy in only 5 years, while the cost estimated for 
Alternative 6 is based upon only 10 of the 30 years that the 
hydraulic control system is anticipated to be needed to reach 
remediation goals at the site, which is not as certain as the 
clean-up timeframe and costs of Alternative 4.  Further, page 5-
28 of the Draft Final Feasibility Study for OU-4B states that 
hydraulic containment would only be turned off "once it has 
been determined that stable and/or shrinking plume conditions 
have been achieved" leading one to believe that the remediation 
system could operate longer than the 30 year estimate resulting 
in additional unknown costs associated with the selection of 
Alternative 6. 
 
Also, the Navy's documentation indicates that "Alternative 4 is 
rated high short-term effectiveness because the ISB [in situ 
bioremediation process] would be expected to biodegrade most 
of the VOC's in groundwater within 12 months" following 
implementation and that remediation could be accomplished 
below remediation goals within 5 years of implementation. 

Thank you for your comments.  All 
comments received from the public and 
the agencies during the public comment 
period, including those presented here, 
were considered in the remedy selection 
process as a part of two NCP modifying 
criteria (community acceptance and 
State acceptance).   
 
As a result of this process, which is 
required by the NCP and CERCLA, 
Alternative 4 (ISB/MNA/ICs) was 
selected over Alternative 6 (Hydraulic 
Control) as the remedy for the MPA.  
 

2 In addition to the City's previous comments, the City's 
consultant, Peter Russell, Ph.D., P.E. of Russell Resources, 
has identified the following three additional issues for selecting 
Alternative 4 versus Alternative 6 based upon cost and as 
further described in more detail in the attached letter (Exhibit A):

a. The Proposed Plan/Draft RAP's ranking of Hydraulic 
Control for the "cost" evaluation criterion should be the 
same as that of ISB. 

Please see the Response to your 
Comment Number 1 above. 
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FORMER MARINE CORPS AIR STATION (MCAS) TUSTIN, CALIFORNIA 

PROPOSED PLAN/DRAFT REMEDIAL ACTION PLAN FOR OPERABLE UNIT (OU) – 4B 

Comments Received from City of Tustin on March 06, 2009 

Comments by: Matt West, Redevelopment Project Manager 

Number Comments Responses 

Response Summary: 
The cost estimate for Hydraulic Control assumes that a 
hydraulic control system at the MPA would operate for a period 
of 10 years, after which time MNA would continue to be tracked 
until remediation goals are met.1 This assumption is not 
supported by the FS's fate and transport modeling. After 10 
years, Hydraulic Control will have removed only a minor fraction 
of the TCE currently contaminating the MPA. As explained in 
the "Background" discussion in Exhibit A, even after 30 years of 
Hydraulic Control, the reduction in TCE mass in the first WBZ 
will have been only 24 percent to 31 percent of the current 
mass. The FS's modeling predicts that it would take 25 to 28 
years of Hydraulic Control to lower the TCE concentration in the 
first WBZ to 20 µg/L, which is the distinguishing concentration 
between OU-4B's "low concentration sites" and "moderate 
concentration sites". (see "Background” discussion in Exhibit A) 
However, if the Hydraulic Control system were turned off once 
the 20 µg/L threshold is reached (in 25 to 28 years), 
groundwater TCE concentrations would rebound to nearly their 
current levels, because most of the TCE mass currently 
contaminating the MPA would still be there. The bulk of the 
TCE, which is adsorbed to the aquifer solids, would reestablish 
equilibrium with the aqueous phase by dissolving into the 
groundwater. Groundwater TCE concentrations would rise, 
resulting in nearly the same levels present today. Indeed, the 
FS's modeling predicts that even with 100 years of Hydraulic 
Control, the 5 µg/L remedial goal will not have been achieved.2 

Because it underestimates the likely duration that pumping will 
be needed, the Proposed Plan/RAP estimates an unrealistically 
low cost for Hydraulic Control.  The cost estimate for this 
alternative should recognize that pumping for Hydraulic Control 
likely will be needed much longer than 30 years, the typical time 
horizon for CERCLA cost estimates, let alone 10 years. If 30 
years of Hydraulic Control is assumed, the cost estimate for this 
alternative rises from $1.4 million3 to $2.0 million (per the 
revised FS Table C-16 attached to Exhibit A). This cost is only 
$110 thousand (5.5 percent) less than the estimated cost of ISB 
($2.1 million) The Proposed Plan/Draft RAP should assign the 
same rank for the "cost" evaluation criterion to both ISB and 
Hydraulic Control, because $2. I million and $2.0 million are 
indistinguishable, given the precision and accuracy of the 
remedial cost estimation process. It is inappropriate to evaluate 
Hydraulic Control more favorably than ISB for the "cost" 
criterion. Of course, if one realistically recognizes that Hydraulic 
Control would be needed much longer than 30 years, Hydraulic 
Control would be correctly seen as being much more expensive 
than ISB. 
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Comments by: Matt West, Redevelopment Project Manager 

Number Comments Responses 

b. The Proposed Plan/Draft RAP’s cost estimate for 
Hydraulic Control is artificially low because it assumes 
treatment of the extracted groundwater is free. 

Response Summary: 
With Hydraulic Control, groundwater extracted from the MPA 
would be treated at the existing OU-1A/OU-1B North extracted-
groundwater treatment system.  Groundwater quality at the 
MPA is similar to that at OU-1A and OU-1B North (which is 
treated by GAC), so no additional treatment or system 
modifications would be necessary at this treatment system. Yet 
none of the O&M costs for the OU-1A/OU-1B North extracted-
groundwater treatment systems is attributed to the estimated 
cost of Hydraulic Control for the MPA. Arguably, the capital cost 
of the OU-1A/OU-1B North extracted-groundwater treatment 
systems is a sunk cost, which need not be attributed to 
Hydraulic Control. However, Hydraulic Control's cost estimate 
should acknowledge a pro rata share of the treatment system's 
O&M costs. This apportionment should be based on both 
relative flow rates and relative contaminant mass loadings. 
O&M costs of the extracted groundwater treatment systems 
include: energy, GAC, equipment maintenance, equipment 
replacement over the 30+ year period of operation, performance 
sampling and analysis, reporting, and OCSD fees to accept the 
treated groundwater discharge. These costs are not trivial and 
should be included in the cost estimate for Hydraulic Control. 
Unfortunately, neither the FS nor the Proposed Plan/Draft RAP 
provides sufficient information to estimate the magnitude of the 
omitted costs.   

c. Hydraulic Control uses stand-by capacity in an existing 
extracted-groundwater treatment system, an indirect cost 
of this alternative that is not included in the Proposed 
Plan/Draft RAP's decision-making process. 

Response Summary: 

The OU-1A/OU-1B North extracted groundwater treatment 
systems was designed for a maximum flow rate capacity of 1.5 
times the design flow rate so that additional wells or flow could 
be accommodated.5 .Standard engineering practice is to include 
excess capacity in treatment system designs for several 
reasons: 

• as a contingency for unforeseen adverse factors not included 
in the design criteria, 

• to accommodate reduced efficiency as the system ages, 

• to provide reserve capacity when components fail, and 

• to provide reserve capacity when scheduled maintenance is 
needed, such as during change out of spent GAC. 
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Comments by: Matt West, Redevelopment Project Manager 

Number Comments Responses 

Excess or contingency capacity is a valuable resource. When it 
is consumed by a neighboring site, there is an indirect cost to 
the treatment system it was originally intended to serve. 
Although not readily quantifiable using available information, 
this indirect cost to the OU-1A/OU-1B North extracted-
groundwater treatment system is a factor that argues against 
selection of Hydraulic Control for the MPA.  

3 Mr. Russell has also identified the following three additional 
issues favoring selection of Alternative 4 versus Alternative 6 as 
further described in more detail in the attached letter (Exhibit A):
 
a. The Proposed Plan/Draft RAP's ranking of the Hydraulic 
Control alternative for the "Reduction of toxicity, mobility, 
or volume through treatment" evaluation criterion should 
be low, not moderate. 
 
Response Summary: 
CERCLA Section 121(b) identifies the following preference for 
remedial actions. 
 
“A preference for remedial actions that employ treatment that 
permanently and significantly reduces the volume, toxicity, or 
mobility of hazardous substances, pollutants, and contaminants 
as a principal element.”6 (underlining added for emphasis) 
 
Further, USEPA guidance directs that the following be a specific 
factor in considering this evaluation criterion for a particular 
remedial alternative: 
 

"Whether the alternative would satisfy the statutory 
preference for treatment as a principal element."7 
(underlining added for emphasis)  

 
The Proposed Plan/Draft RAP's description of Hydraulic Control 
does not mention treatment as a principal element that 
contributes to reducing TCE in MPA groundwater. 
 

"In Alternative 6, hydraulic control wells would be placed 
along the leading edges of the current plumes. Groundwater 
would be pumped from the wells to prevent migration of 
VOCs beyond the current plume boundaries. " (p. 7) 

Hydraulic Control does not employ treatment as a principal 
element for reducing the volume, toxicity, or mobility of TCE in 
the MPA's groundwater. The strategy of Hydraulic Control is to 
control plume migration by pumping from extraction wells.  Even 
though the extracted groundwater must be treated in order to 
dispose of it, the treatment does not reduce the toxicity or 
volume of the TCE. Neither does the treatment reduce the 
mobility of the TCE: strategic pumping is the principal element 

Please see the Response to your 
Comment Number 1 above. 
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of the alternative, which reduces the mobility of TCE. Hydraulic 
Control's extraction wells would not be located to maximize the 
mass of TCE that is extracted from the contaminant plumes.  If 
they were, the wells would have been located where 
groundwater TCE concentrations are highest.  Instead, the wells 
would be located at the leading edges of the plumes, where 
reduction of TCE in the plumes is incidental to primary purpose 
of controlling the plumes' migration.  Treatment of the extracted 
groundwater is a secondary element of the alternative, not a 
principal element.  Accordingly, the Proposed Plan/Draft RAP 
should assign a "low" ranking to the evaluation criterion of 
Hydraulic Control.   

The Proposed Plan/Draft RAP3 ranking of the "treatment" 
CERCLA evaluation criterion at the MPA is inconsistent with the 
Navy's practice in other CERCLA decision documents. For 
example, at Alameda Point (the former Naval Air Station 
Alameda), the Proposed Plan for a groundwater plume 
contaminated with benzene and naphthalene evaluates a 
"Pump and Treat, Monitoring, and IC" alternative. In this case, 
the strategy is to extract maximally contaminated groundwater 
from the core of the plume for treatment, not to hydraulically 
control migration. Even with this slightly more central role of 
treatment as an element of the alternative, the Alameda Point 
Proposed Plan ranks the "reduction of toxicity, mobility, or 
volume through treatment" evaluation criterion as only 
“MODERATELY LOW”.8 (copy attached for ready reference) 
Similarly, the Navy's Record of Decision for this Alameda Point 
CERCLA decision also evaluates this evaluation criterion 
“MODERATELY LOW”.9 Hydraulic Control at the MPA, which is 
not intended to maximize the mass of TCE extracted for 
treatment, should be ranked lower than Alameda Point's 
“MODERATELY LOW”.  The ranking for Hydraulic Control at 
MPA should be “LOW”, sharply contrasting with ISB, which is 
appropriately ranked “HIGH”. 
 
b. ISB will lower nitrate and sulfate contamination in 
groundwater at the MPA. 
 
Response Summary: 
Groundwater at the MPA has been degraded as a result of 
former agricultural practices unrelated to operations at the 
former MCAS Tustin. Background concentrations of sulfate and 
nitrate in the first and second WBZs exceed California 
Department of Health Services and U.S. EPA criteria for 
drinking water supply by approximately 10 times and 2 times, 
respectively.10  While not an objective of the remedial action, 
nitrate and sulfate concentrations are expected to be reduced in 
the treatment area as a result of the ISB process.11 This indirect 
benefit is a factor that argues strongly for selection of ISB for 
the MPA. 
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c. ISB is a more environmentally sustainable alternative 
than Hydraulic Control. 
 
Response Summary: 
Sustainable environmental remediation is increasingly important 
due to depletion of Earth's resources, global buildup of 
greenhouse gases, and life-cycle cost considerations. Earlier 
this year, the Department of Toxic Substances Control held an 
international symposium on "Green Remediation", attended by 
Federal and state regulators, members of the regulated 
community, and environmental consultants.12 Much of the 
symposium's discussion involved including sustainability 
considerations in remediation decision making.  All branches of 
the Department of Defense are developing Green Remediation 
programs. In 2008, the U.S. EPA published a Technology 
Primer that specifically identifies ISB as a "Low Energy System" 
that is consistent with consistent with sustainable remediation 
principles.13 On the other hand, Hydraulic Control involves 
decades of energy consumption and greenhouse gas emissions 
for pumping and extracted groundwater treatment. Hydraulic 
Control at the MPA is not sustainable remediation. 
 

Green Remediation principles should be incorporated into 
remediation of the MPA to the extent possible. This argues 
strongly for remediating TCE using ISB rather than Hydraulic 
Control. 

4 Lastly, the City continues to be significantly concerned 
regarding the Navy remediation team's lack of urgency in 
performance with the terms of the Economic Development 
Conveyance (EDC) Memorandum of Agreement executed on 
May 13, 2002 between the Department of Navy and City of 
Tustin (MOA). The City and other prospective recipients of 
property at the former MCAS Tustin have expended 
considerable fiscal and personnel resources in reliance upon 
the Navy's representations that the project would receive the 
necessary attention and resources to adhere to the conveyance 
schedule in the Agreement, only to have the Navy repeatedly 
delay execution of its obligations. Specifically, Article 3 of the 
MOA requires the Navy to convey certain groups of 
environmentally contaminated parcels at former Marine Corps 
Air Station (MCAS) Tustin within the schedule summarized in 
the attached "EDC DEED/LIFOC EXH1BIT”, but not extending 
beyond April 2008. Article 3 further states: "the Government 
shall use its best efforts to convey the Property to the City, in 
accordance with the…schedule." 
 
It is our judgment that the Navy cleanup team is not using its 
best efforts to comply with the agreed upon schedule. Over the 
past several years, the City of Tustin has repeatedly written to 
the Navy BRAC Environmental Coordinator regarding proposed 
remediation plans or actions that extend the timeframes 

This comment is not appropriate for the 
OU-4B Proposed Plan.  Nevertheless, 
the Navy has and continues to use its 
best efforts to convey property in 
accordance with the Economic 
Development Conveyance 
Memorandum of Agreement.   It is our 
mutual goal to remediate impacted 
property in the most expeditious manner 
to foster property conveyance in 
accordance with the interests of 
numerous stakeholders, including the 
City of Tustin and community members.  
The Navy has made tremendous 
progress at former MCAS Tustin in 
meeting its redevelopment and property 
conveyance goals. 
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associated with the release of EDC-related contaminated sites. 
For example, the MOA indicated that Group IV Carve-Out Areas 
would be deed transferred. 
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1 We have reviewed the City of Tustin's March 6, 2009 letter. The 
City's comments were also reviewed and discussed with the staff 
at the Department of Toxic Substances Control and the U.S. 
Environmental Protection Agency. We feel that the City makes 
several interesting points, and so we ask that the Navy evaluate 
and consider City of Tustin's comments 1 through 3 on the 
Proposed Plan for Operable Unit 4B.  
 
 

Thank you for your comments.  All 
comments received from the public 
and the agencies during the public 
comment period, including those 
presented here, were considered in 
the remedy selection process as a 
part of two NCP modifying criteria 
(community acceptance and State 
acceptance).   
 
As a result of this process, which is 
required by the NCP and CERCLA, 
Alternative 4 (ISB/MNA/ICs) was 
selected over Alternative 6 (Hydraulic 
Control) as the remedy for the MPA. 
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Available in the Administration Record1

1 OU-4B was separated Section 2.1 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Section 1, page 1-2. 

2 IRP-11 Section 2.1.1 Expanded Site Inspection Report, MCAS Tustin, California. 
October 1996.  Section 2.1.5, pages 2-11, 2-14, and 2-15. 

3 IRP-13W Section 2.1.1
Draft Final Remedial Investigation Report for Operable Units  
1 and 2, MCAF Tustin, CA. November 1997.  Section 1.3.4, 
page 1-6 and Figure 1-10.  

4 MMS-04 Section 2.1.1

Draft Final Technical Memorandum for OU-4 Shallow 
Groundwater Investigation, Former MCAS Tustin, CA.  
September 2006.  Section 1.7.9.1, pages 1-84 and 1-87,  
and Section 6, pages 6-1, 6-2, 6-4, and 6-5. 

5 IRP-5S(a) Section 2.1.2

Final Technical Memorandum – OU-4 Shallow GW 
Investigation, Former MCAS Tustin, California. June 2004.  
Section 1.7.1.1, page 1-32, Section 1.7.2, page 1-37, and 
Figure 1-2. 

6 IRP-6 Section 2.1.2
Final Technical Memorandum – OU-4 Shallow GW 
Investigation, Former MCAS Tustin, California. June 2004.  
Section 1.7.4, pages 1-45 and 1-46 and Figure 1-11. 

7 MPA Section 2.1.2
Final Technical Memorandum, Supplemental Investigation at 
IRP-6 & MPA, OU-4B, Former MCAS Tustin. September 
2008. Section 1.3.2, pages 1-3, 1-4, and Figure 1-2. 

8 physical setting Section 2.2
Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Section 1.4, pages 1-7, 
1-8 and Figures 1-4, 1-5. 

9 geology and 
hydrogeology Section 2.2

Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Section 1.5.1, pages 1-9, 
1-10 and Figures 1-6, 1-7. 

10 WBZs Section 2.2

Final 2005 Annual Groundwater Monitoring Report, OU-1B 
(IRP-3 and IRP-12) and OU-4B (IRP-5, IRP-6, and Mingled 
Plumes Area), Former MCAS Tustin, California. August 2006.  
Section 1.3, pages 1-3 through 1-5 and Figure 2. 

11 Biological surveys Section 2.2 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Section 1.9, page 1-28. 

12 VOCs Section 2.3
Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Figures 1-9 through 1-11 
and 1-13 through 1-15. 

13 groundwater 
modeling Section 2.3

Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Appendix B, Tables B-1 
through B-5 and Figures 1-16 through 1-23. 

14 redevelopment and 
reuse Section 2.4

Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Section 1.3.4, pages 1-6, 
1-7 and Figure 1-3. 

15 Basin Plan Section 2.4
Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Appendix A, pages A2-9 
through A2-11. 

16 conceptual site model Section 2.5
Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Section 1.7, pages 1-23 
through 1-25, Tables 1-1 and 1-2, and Figure 1-12. 
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17 risk at IRP-6 Section 2.5.1
Draft Final Expanded Site Inspection Report.  Marine Corps 
Air Station Tustin, California. October 1996.  Section 6.4.3, 
pages 6-15; 6-17 through 6-21; and Appendix L Table L-15. 

18 HHRA Section 2.5.1
Final Technical Memorandum – OU-4 Shallow GW 
Investigation, Former MCAS Tustin, California. June 2004.  
Section 5, pages 5-1 through 5-12. 

19 indoor air  
inhalation risk Section 2.5.1.4

Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Section 1.8, pages 1-25 
through 1-28 and Tables 1-3 and 1-4. 

20 
Principal Threat  
and Low Level  
Threat Wastes

Section 2.6
Guide to Principal Threat and Low level Threat Wastes. 
November 1991. U.S. EPA Office of Solid Waste and 
Emergency Response. OSWER Directive 9380.3-06FS. 

21 remedial action 
objectives Section 2.7

Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Section 2, page 2-1, 
Section 2.6, pages 2-7 and 2-8. 

22 initial screening Section 2.8
Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Section 3, pages 3-1 
through 3-29 and Table 3-3. 

23 description of the 
remedial alternatives Section 2.8.1

Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Section 4.2, pages 4-2 
through 4-9 and Table 4-1. 

24 Total: 0.683 Table 2-4 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-4 and C-2. 

25 Total: 1.255 Table 2-4 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-9 and C-6. 

26 Total: 1.077 Table 2-5 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-5 and C-3. 

27 Total: 1.041 Table 2-5 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-6 and C-4. 

28 Total: 1.060 Table 2-5 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-7 and C-5. 

29 Total: 1.627 Table 2-5 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-10 and C-7. 

30 Total: 1.585 Table 2-5 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-11 and C-8. 

31 Total: 1.603 Table 2-5 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-12 and C-9. 

32 Total: 1.769 Table 2-5 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-13 and C-10. 

33 Total: 1.329 Table 2-5 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-14 and C-11. 

34 Total: 2.154 Table 2-5 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-15 and C-12. 

35 Total: 2.389 Table 2-5 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-16 and C-13. 

36 Total: 1.716 Table 2-5 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-17 and C-14. 
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37 Total: 1.938 Table 2-5 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-19 and C-15. 

38 Total: 1.783 Table 2-5 Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Tables 5-20 and C-16. 

39 comprehensive 
analysis Section 2.8.2

Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Section 5.1, pages 5-1 
through 5-5. 

40 
predesign 
groundwater 
investigation

Section 
2.9.2.1.2

Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Section 5.3.1.1, pages 5-
9 through 5-10 and Figures 5-3 through 5-8. 

41 groundwater 
monitoring

Section 
2.9.2.1.2

Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Section 5.3.1.1, page 5-
11 and Table 5-3. 

42 anaerobic ISB 
technology

Section 
2.9.2.2

Final Feasibility Study Report for OU-4B, Former MCAS 
Tustin, California. September 2008.  Section 5.5, pages 5-16 
through 5-21 and Figures 5-9 through 5-11. 

43 court reporter record Section 3

MCAS Pubic Meeting Transcript, Installation Restoration 
Program (IRP), Operable Unit (OU)-4B, Former MCAS Tustin, 
California, Proposed Plan, Draft Remedial Action Plan 
Summary. February 2009. 

 
Notes: 
 

 Text identified by bold blue font with a sequential number (1 through 43) as subscript 
indicates hyperlinks available on reference CD to excerpts from specific reports contained in 
the publicly available Administrative Record. 

 
For access to information contained in the Administrative Record for former MCAS Tustin, 
please contact: 
 
Diane Silva 
Code EVR-FISC Bldg. 1, 3rd Floor 
NAVFAC Southwest 
1220 Pacific Highway 
San Diego, CA 92312 
619-532-3676 
 

 The FS Report was finalized in September 2008 using new covers, spines, and replacement 
pages inserted into the Draft Final version of the document.  The headers and footers on 
those pages of the Draft Final version with no changes remained the same.  The same also 
applies for the OU-4 Shallow Groundwater Investigation Technical Memorandum which was 
finalized in June 2004. 
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• focused feasibility study (FFS) for OU-4 (BNI 2000b), 

• shallow groundwater investigation (OU-4 Technical Memorandum [Tech Memo]) 
(BEI 2004a), and 

• supplemental investigation at IRP-6 and the MPA, OU-4B (BEI 2008). 

To expedite the overall site closure process at former MCAS Tustin, OU-4 was separated (in 
2004) into OU-4A (sites requiring no further action [NFA] for soil and groundwater) and 
OU-4B (sites requiring further action for groundwater and NFA for soil).  A final Record of 
Decision (ROD)/Remedial Action Plan (RAP) for OU-4A NFA sites (IRP-5N, IRP-5S[b], 
IRP-8, IRP-11 [Area A], IRP-16, and MMS-04 [Areas A and C]) was finalized in December 
2004 (SWDIV 2004c). 

Remedial alternatives evaluated for groundwater contamination at OU-4B sites under this FS 
incorporate results from the previous investigations listed above, data from groundwater 
monitoring (BEI 2003a, Brown and Caldwell 2007), performance results from a time-critical 
removal action (TCRA) system installed at OU-1A (IRP-13S) to hydraulically contain 
groundwater contaminated with volatile organic compounds (VOCs) (PTES 2004), data from a 
2007 supplemental investigation at IRP-6 and the MPA (BEI 2008), data from monitoring well 
replacement at IRP-6 and well replacement with aquifer test activities at IRP-5S(a) (Attachment C, 
ECS 2007), and data from a remedial design for hydraulic containment with hot spot removal for 
OU-1A and OU-1B (ERRG 2007).  Risks from exposure to soil contaminants at OU-4B sites 
have been determined by the Navy and the former MCAS Tustin BRAC Cleanup Team (BCT) to 
be acceptable, based on the various risk estimates performed for these sites during the ESI 
(BNI 1996), the RFA (BNI 1997a), the OU-1 and OU-2 RI (BNI 1997b), and the shallow 
groundwater investigation (BEI 2004a).  The regulatory agencies have concurred with NFA for 
soil at OU-4B sites (RWQCB 1998, 2004; DTSC 2004, 2007; U.S. EPA 2004b).  As such, soil is 
not a medium of concern for this FS and is not evaluated further. 

For this investigation, OU-4B sites were separated into two general groups:  1) low 
concentration sites (IRP-11, IRP-13W, and MMS-04) with VOCs reported in groundwater at 
concentrations less than approximately 20 micrograms per liter (μg/L) and/or with limited 
areal extent; and 2) moderate concentration sites (IRP-5S[a], IRP-6, and the MPA) with VOCs 
reported in groundwater at concentrations exceeding approximately 20 μg/L and/or with 
greater areal extent.  Grouping into low concentration sites and moderate concentration sites 
takes advantage of common site characteristics, allowing a more efficient alternatives screening 
process and detailed analysis and comparison of alternatives that are best suited and applicable to 
each group. 

1.1 PURPOSE AND METHODOLOGY 
The purpose of this FS Report is to develop and evaluate remedial alternatives to mitigate 
risks to human health and/or the environment associated with exposure to VOC-
contaminated groundwater originating at OU-4B sites.  Results from this evaluation, in 
conjunction with other site-specific information, will be used by the Navy to select 
appropriate remedies for OU-4B groundwater. 

alisaseneor
Rectangle

alisaseneor
Line

alisaseneor
Stamp



alisaseneor
Stamp

alisaseneor
Rectangle

alisaseneor
Line





alisaseneor
Rectangle



alisaseneor
Rectangle

alisaseneor
Stamp

alisaseneor
Line





CLEAN 3 
CTO-0062/0025 
April 2004 

Section 1   Introduction and Previous Investigations 
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Stationwide groundwater modeling indicated that concentrations of PCE would be 
reduced to less than 5 µg/L within 10 years. 

NFA was again recommended for IRP-16 based on results of groundwater sampling 
conducted in fall 2001.  During this sampling round, PCE was reported at a maximum 
concentration of 0.29 µg/L.  This lower PCE concentration supports the results of 
groundwater modeling.  TCE and toluene were reported at concentrations of 0.16 and 
0.35 µg/L, respectively.  No other VOCs were reported in groundwater samples during 
this sampling round. 

Although NFA was recommended for groundwater, the Navy decided to evaluate 
potential remedial alternatives for IRP-16 in the draft FFS due to the MCL exceedances.  
The baseline HHRA has been updated for soil and groundwater at IRP-16 and is included 
in Section 5 of this Technical Memorandum.  No additional groundwater samples were 
collected at IRP-16 as part of this shallow groundwater investigation.   

1.7.9 MMS-04 – Auto Hobby Shop 
MMS-04, the Auto Hobby Shop, is located in the northwestern portion of Former MCAS 
Tustin (Figure 1-2).  MMS-04 consists of three distinct subareas of potential concern, 
Areas A through C.  These three subareas are located south of Perry Road and northwest, 
north, and northeast of Building 185, respectively (Figure 1-11).  Recommendations for 
NFA or for further action will be provided separately for Areas A, B, and C.  MMS-04 is 
in an area designated for reuse as a sheriff’s department and law enforcement training 
facility (City of Tustin 1998). 

1.7.9.1 SITE HISTORY 
MMS-04 was used by station personnel for vehicle maintenance.  Area A was described 
in the IAS Report as a 4-foot-square area of stained soil located outside the northwestern 
corner of the fence that surrounds the site.  Area B was described as the area within the 
fence line of the shop that contained a waste oil UST (UST 185) that periodically 
overflowed.  Area C was described as a small drainage ditch located outside the fence 
line of the shop, which reportedly received waste oil runoff from Area B (Brown and 
Caldwell 1985). 

Area B included a concrete UST that reportedly overflowed periodically to bare ground 
during rainstorms from 1969 (when MMS-04 was constructed) to 1983 (when the site 
was paved).  Station personnel stated that the UST was removed in September 1993  
and that Orange County regulatory officials were present during its removal.  The UST 
was reportedly still “dirty” when it was closed.  The UST had received waste solvents, 
crankcase oils, and transmission and brake fluids from the shop through floor drains.  
Based on an estimate that 10 gallons of these substances was released every 3 years, a 
total of approximately 50 gallons of waste oil had been released.  Contaminated soil 
surrounding the UST may have been excavated when the site was paved in 1983 as  
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part of the construction activities in the grading and paving process (Brown and 
Caldwell 1985). 

In 1995, OHM collected soil samples and a groundwater sample (RAC-A) in the area 
adjacent to the former UST (Figure 1-11).  In 1997, OHM conducted remedial activities 
at six Former MCAS Tustin AOCs, including an oil/water separator adjacent to Area B of 
MMS-04.  The oil/water separator has been referred to as both TOW-18-2 and TOW-18B 
(identified as TOW-18-2 on Figure 1-11). 

1.7.9.2 NATURE AND EXTENT OF CONTAMINATION 
The nature and extent of contamination interpreted from previous investigations at 
MMS-04 are summarized in this subsection; a more detailed description is provided in 
the ESI Report (BNI 1996).  This report asserted that COPCs in soil and VOCs in 
groundwater originated from occasional overflow of the waste oil UST.  TCE and PCE 
are the predominant contaminants in groundwater at MMS-04.  Figure 1-11 depicts soil 
and groundwater sampling locations and shows concentrations of TCE and PCE reported 
in groundwater during previous investigations at MMS-04.  The extent of TCE in 
groundwater at concentrations greater that 5 μg/L is approximately 60 feet long in the 
north-south direction and 40 feet wide in the east-west direction (Figure 1-11). 

Area A 

Table 1-14 presents the frequency of reporting and the range of concentrations of the 
COPCs identified in soil at MMS-04, Area A during the ESI.  Soil samples were 
analyzed for TRPH, VOCs, PAHs, PCBs, and metals. 

Groundwater samples were not collected at Area A because only low concentrations of 
TRPH, PAHs, and metals were reported in near-surface samples.  At temporary wellpoint 
CT18WP019 (approximately 120 feet downgradient from Area A), no VOCs or metals at  
concentrations exceeding background were reported in groundwater samples collected in 
December 1995 and February 1996 (Figure 1-11). 

Area B 

Table 1-15 presents the frequency of reporting and the range of concentrations of the  
30 COPCs identified in soil at MMS-04, Area B during the ESI.  The soil samples were 
analyzed for TRPH, VOCs, PAHs, PCBs, and metals.  The COPCs in soils were limited 
primarily to the area on the east side of Building 185, north of TOW-18-2 (Figure 1-11).  
PCE was reported in 10 of 20 soil samples at concentrations up to 36 μg/kg.  TCE was 
reported in 4 of 20 soil samples at concentrations up to 7 μg/kg. 

Table 1-15 presents the frequency of reporting and the range of concentrations of the nine 
COPCs identified in groundwater at MMS-04, Area B during the ESI.  The reported 
concentration of TCE exceeded its MCL (5 μg/L) at two locations (CT18WP018 and 
RAC-A) at a maximum concentration of 18 μg/L. 
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Section 6 
CONCLUSIONS AND RECOMMENDATIONS 
This section presents conclusions and recommendations for NFA or further action at each of the 
sites within OU-4.  It is anticipated that sites recommended for NFA (OU-4A) are eligible for 
site closure by means of an NFA PP/ROD.  Sites recommended for further action (OU-4B) will 
proceed through the FS process.  Recommendations for NFA were previously made for IRP-11 
(Areas A and B) and MMS-04 (Areas A, B, and C) as single areas.  However, based on current 
investigation (including risk assessment) results, IRP-11 (Area B) and MMS-04 (Area B) are 
recommended for further action, and are included under OU-4B.  IRP-11 (Area A) and MMS-04 
(Areas A and C) are recommended for NFA and are included under OU-4A. 

6.1 SITES RECOMMENDED FOR NFA (OU-4A) 
NFA is recommended for IRP-5N, IRP-5S(b), IRP-8, IRP-11 (Area A), IRP-16, and 
MMS-04 (Areas A and C) based on current and previous investigation results as 
summarized below.  NFA was previously recommended for each of these sites.  (See 
Section 1 for details.)   

6.1.1 IRP-5N 
The NFA recommendation for soil and groundwater at IRP-5N is supported by the 
current risk assessment results for residential exposure to COPCs in soil and groundwater 
(combined).  Human-health risk results were estimated to be 3.2 × 10-7 (using U.S. EPA 
criteria), which does not exceed the NCP point of departure for acceptable risks (10-6).  
The noncancer HI was estimated to be 0.094, which is below the HI threshold value of 1. 

6.1.2 IRP-5S(b) 
The NFA recommendation for soil and groundwater at IRP-5S(b) is supported by the 
current risk assessment results for residential exposure to COPCs in soil and groundwater 
(combined). Human-health risk results were estimated to be 6.1 × 10-7 (using Cal/EPA 
criteria), which does not exceed the NCP point of departure for acceptable risks (10-6).  
The noncancer HI was estimated to be 0.094, which is below the HI threshold value of 1. 

6.1.3 IRP-8 
The NFA recommendation for soil and groundwater at IRP-8 is supported by results of 
this shallow groundwater investigation. During this investigation, 1,2-DCP was reported 
in groundwater at concentrations up to 3.4 μg/L, whereas the maximum previously 
reported concentration was 8.0 μg/L.  The current results support previous groundwater 
modeling, indicating that concentrations of 1,2-DCP in groundwater would decrease to 
less than 5 μg/L within 10 years.  Previous risk assessment results indicate that cancer 
risks to residents from exposure to groundwater with COPCs (at predicted 
concentrations) were estimated to be 2.5 × 10-6, which is within the NCP generally 
acceptable risk range of 10-6 to 10-4.  The noncancer HI was estimated to be 0.14, which 
is below the HI threshold value of 1. 
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6.1.4 IRP-11 (Area A) 
The NFA recommendation for soil and groundwater is supported by results from soil 
sampling within Area A and groundwater sampling from a nearby monitoring well.  No 
TRPH or VOCs were reported in two soil samples collected from Area A.  No VOCs 
were reported in a groundwater sample collected from a downgradient (south) monitoring 
well during the ESI. 

6.1.5 IRP-16 
The NFA recommendation for soil and groundwater is supported by recent groundwater 
monitoring and current risk assessment results for residential exposure to COPCs in soil 
and groundwater (combined).  Trace concentrations of PCE reported during recent  
(fall 2001) groundwater monitoring support previous groundwater modeling, indicating 
concentrations of PCE in groundwater would decrease to less than 5 μg/L within  
10 years. 

Total and incremental human-health risks from residential exposure to soil and 
groundwater were estimated, using U.S. EPA slope factors, to be 6.5 × 10-5 and  
4.3 × 10-5, respectively.  The total noncancer HI at IRP-16 was estimated to be 9.3, with 
90 percent of this value attributable to concentrations of selenium and manganese in 
groundwater.  Both of these metals are naturally occurring in groundwater at Former 
MCAS Tustin (BNI 1997b), and only selenium was identified in the RI Report at 
concentrations that were slightly above background.  It should also be noted that there is 
no historic evidence of on-site disposal involving these metals, and concentrations in soil 
were reported to be below background thresholds in the RI Report.  As such, the 
noncancer risk contribution from selenium and manganese in groundwater is likely from 
naturally occurring concentrations at IRP-16. 

6.1.6 MMS-04 (Areas A and C) 
The NFA recommendation for soil and groundwater is supported by previous risk 
assessment results.  Human-health risks from exposure to soil under a residential scenario 
were estimated to be 4.7 × 10-8 for Area A and 9.4 × 10-7 for Area C, which do not 
exceed the NCP point of departure for acceptable risks (10-6).  The noncancer HIs were 
estimated to be 0.008 for Area A and 0.04 for Area C, which do not exceed the HI 
threshold value of 1.  No COPCs were identified in groundwater samples from Area C or 
in groundwater samples collected downgradient from Area A. 
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noncancer HI from exposure to groundwater was estimated to be 2.0, which exceeds the 
HI threshold value of 1. 

NFA is recommended for soil based on current risk assessment results for residential 
exposure to soil.  Cancer risk from exposure to soil was estimated to be 1.1 × 10-8 (using 
U.S. EPA criteria), which does not exceed the NCP point of departure for acceptable 
risks (10-6).  The noncancer HI from exposure to soil was estimated to be 0.074, which 
does not exceed the HI threshold value of 1. 

6.2.4 IRP-13W 
Further action is recommended for groundwater at IRP-13W based on current 
groundwater sampling and current risk assessment results for residential exposure to 
groundwater.  During the current investigation, TCE was reported in shallow 
groundwater at concentrations up to 16 µg/L.  The lateral extent of TCE in groundwater 
at concentrations exceeding 5 µg/L (the MCL for TCE) is approximately 270 feet in a 
northeast-southwest direction and 150 feet in a northwest-southeast direction  
(Figure 4-4), which is larger than was estimated during the RI (BNI 1997b).  Cancer risks 
from exposure to groundwater were estimated to be 4.5 × 10-4 (using U.S. EPA criteria), 
which exceeds the upper bound of the NCP generally acceptable risk range (10-4).  The 
total noncancer HI from exposure to groundwater was estimated to be 3.0, which exceeds 
the HI threshold value of 1. 

NFA is recommended for soil based on current risk assessment results for residential 
exposure to soil.  Cancer risk from exposure to soil was estimated to be 3.2 × 10-5 (using 
U.S. EPA criteria), which is within the NCP generally acceptable risk range  
(10-6 - 10-4).  The noncancer HI from exposure to soil was estimated to be 2.8.  Although 
the HI exceeds the HI threshold value of 1, the only principal risk driver in soil is 
manganese.  Data presented in the RI Report indicated that manganese reported in soil at 
IRP-13W is naturally occurring and did not result from site-related activities  
(BNI 1997b). 

6.2.5 MMS-04 (Area B) 
Further action is recommended for groundwater at MMS-04 Area B based on current 
groundwater sampling and risk assessment results for residential exposure to 
groundwater.  Current groundwater sampling results indicate that concentrations of TCE 
are decreasing as predicted by groundwater modeling.  During the current investigation, 
TCE was reported in shallow groundwater at concentrations up to 7.4 μg/L, whereas the 
maximum previously reported concentration was 18 μg/L.  However, total cancer risk 
from exposure to groundwater (combined) was estimated to be 6.6 × 10-4 (using  
U.S. EPA criteria), which exceeds the upper bound of the NCP generally acceptable risk 
range (10-4).  The noncancer HI from exposure to groundwater was estimated to be 5, 
which exceeds the HI threshold value of 1. 

NFA is recommended for soil based on current risk assessment results for residential 
exposure to soil.  Cancer risk from exposure to soil was estimated to be 6.8 × 10-7 (using 
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U.S. EPA criteria), which does not exceed the NCP point of departure for acceptable 
risks (10-6).  The noncancer HI from exposure to soil was estimated to be 2.  Although the 
HI exceeds the HI threshold value of 1, the only principal risk driver in soil is iron.  
There is no historic evidence of on-site disposal of iron, and concentrations of iron in soil 
were reported to be below background threshold values reported in the ESI Report. 

6.2.6 Mingled Plumes Area 
Further action is recommended for groundwater at the MPA based on current 
groundwater sampling and current risk assessment results for residential exposure to 
groundwater.  During the current investigation, TCE was reported in shallow 
groundwater at concentrations up to an estimated 45 µg/L.  During quarterly groundwater 
monitoring from 1999 to 2001, TCE was reported in groundwater from three of four 
monitoring wells at concentrations up to 46 μg/L.  The lateral extent of TCE in 
groundwater at concentrations exceeding 5 µg/L (the MCL for TCE) is estimated to be 
approximately 2,100 feet in a north-south direction and 400 feet in an east-west direction 
(Figure 4-6).  TCE in groundwater extends approximately 350 feet farther downgradient 
(south) than was previously interpreted in the RI Report (BNI 1997b).  Total cancer risk 
from residential exposure to groundwater was estimated to be 5.8 × 10-4 (using U.S. EPA 
criteria), which exceeds the upper bound of the NCP generally acceptable risk range  
(10-4).  The noncancer HI from exposure to groundwater was estimated to be 4.3, which 
exceeds the HI threshold value of 1. 

During the current investigation, TCE was reported in one of two samples from the 
second WBZ.  TCE was reported at an estimated concentration of 0.14 μg/L in a sample 
from the second WBZ collected adjacent to first-WBZ monitoring well CSSIMW01S, 
where TCE was reported at a maximum concentration of 31 μg/L.  In addition, TCE was 
not detected in a second-WBZ sample collected beneath the location with the maximum 
reported TCE concentration (45 μg/L) in the first WBZ.  These results indicate that TCE 
is not migrating into the second WBZ at significant concentrations. 

NFA is recommended for soil based on current risk assessment results for residential 
exposure to soil.  Cancer risk from exposure to soil was estimated to be 2.9 × 10-5 (using 
U.S. EPA criteria), which is within the NCP generally acceptable risk range  
(10-6 - 10-4).  The noncancer HI from exposure to soil was estimated to be 2.2.  Although 
the HI exceeds the HI threshold value of 1, the only principal risk driver in soil is 
manganese.  Data presented in the ESI and RFA Reports indicated that manganese 
reported in soil at MPA AOCs is naturally occurring and did not result from site-related 
activities (BNI 1996, 1997a). 
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1.7.1 IRP-5N – Drainage Area No. 1 – Ditch 5 North 
IRP-5N, Drainage Area No. 1 – Ditch 5 North, is located near the center of Former 
MCAS Tustin, north of Aircraft Hangar No. 1 (Building 29) (Figure 1-2).  IRP-5N 
encompasses approximately 2.5 acres and forms part of a culvert system that collects 
surface water runoff from most of the northwestern portion of the station and also makes 
connections with several buildings (e.g., Building 28).  A subsurface culvert connects the 
surface water flowing from IRP-5N and IRP-5S(a).  IRP-5N is currently an 
unmaintained, open, partially grass-covered site.  According to the Specific Plan, IRP-5N 
is located in an area designated for community core use (City of Tustin 1998). 

1.7.1.1 SITE HISTORY 
Since the onset of station operations, a variety of contaminants including fuels, oils, 
lubricants, and solvents may have drained into IRP-5N (and IRP-5S[a]) through building 
floor drains connected to the culvert system.  IRP-5N (and IRP-5S[a]) also received 
surface water runoff from other IRP sites (including IRP-11, IRP-12, IRP-13S, and 
IRP-13W) and several AOCs.  Materials handled at these sites included waste oils, 
cleaning solvents, hydraulic fluids, diesel fuel, gasoline, paint stripper, battery acids, and 
other chemical wastes. 
IRP-5N (and IRP-5S[a]) was declared part of a jurisdictional wetlands by the United 
States Army Corps of Engineers in 1995 (DON 1999).  In 1999, a subsequent wetlands 
determination was completed that found IRP-5N drainage ditches to be jurisdictional 
waters of the United States (DON 1999). 

1.7.1.2 NATURE AND EXTENT OF CONTAMINATION 
The nature and extent of contamination interpreted from previous investigations at 
IRP-5N are summarized in this subsection; a more detailed description is provided in the 
RI Report (BNI 1997b).  IRP-5N was originally investigated during the SI conducted in 
1991 (JEG 1993), which resulted in a recommendation for further sampling.  Media 
sampled during the RI in 1996 were sediment (less than 3 feet bgs), soil, surface water, 
and groundwater.  Figure 1-5 depicts soil, sediment, groundwater, and surface water 
sampling locations and shows concentrations of TCE reported in groundwater during 
the RI. 
No COPCs were identified in soil, surface water, or groundwater during the SI or RI.  
COPCs were identified in sediment samples at IRP-5N; Table 1-5 presents frequency of 
reporting and their respective range of concentrations.  Sediment samples were collected 
and analyzed for TPH, VOCs, SVOCs, polynuclear aromatic hydrocarbons (PAHs), pH, 
metals, pesticides, and PCBs.  COPCs identified in sediment samples included a number 
of VOCs, SVOCs, PAHs, pesticides, and metals. 
Nine PAHs, notably benzo(a)pyrene, were identified as COPCs in sediment samples at 
IRP-5N (Table 1-5) (BNI 1997b).  Benzo(a)pyrene was reported in five of nine samples at 
concentrations from 1.8 to 140 micrograms per kilogram (µg/kg).  No PAHs were reported 
in soil (deeper than 3 feet bgs), groundwater, or surface water samples from IRP-5N. 
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For the draft FFS, human-health risks from exposure to soil and groundwater (combined) 
were evaluated under a residential scenario for IRP-5N and IRP-5S(a) together  
(Table 1-4) (BNI 2000).  Because they are considered part of the same drainage and are 
connected via an underground culvert, data from IRP-5N were combined with data from 
IRP-5S(a) for this risk assessment.  The total estimated cancer and noncancer risks from 
residential exposure to soil and groundwater at IRP-5N-5S(a) were 1.9 × 10-5 and 0.50, 
respectively.  The cancer and noncancer risks from exposure to soil were estimated to be 
1.6 × 10-5 and 0.05, respectively.  PAHs contributed approximately 80 percent of the 
cancer risk in soil.  The cancer and noncancer risks from exposure to groundwater were 
estimated to be 3.7 × 10-6 and 0.45, respectively.  TCE was the main contributor to the 
cancer risk in groundwater.  Because TCE was reported in only one groundwater sample 
from IRP-5S(a) at a concentration of 6 micrograms per liter (µg/L), the risk from 
exposure to groundwater at IRP-5N was considered not likely to be significant. 

1.7.1.5 SUMMARY 
Based on results from previous investigations at IRP-5N, NFA was recommended for 
sediment, soil, surface water, and groundwater.  The NFA recommendation for sediment, 
soil, and surface water was based on results from the human-health and ecological risk 
assessments, which indicated that total cancer risks for the residential and recreational 
use scenarios were within NCP’s generally acceptable range, and noncancer HIs were  
below 1.  NFA was recommended for groundwater because no COPCs were identified in 
groundwater at IRP-5N. 

Only the baseline HHRA has been updated for soil and groundwater at IRP-5N and is 
presented in Section 5 of this Technical Memorandum.  No additional groundwater 
samples were collected at IRP-5N as part of this shallow groundwater investigation 
because no COPCs were identified during previous investigations. 

1.7.2 IRP-5S(a) – Drainage Area No. 1 – Ditch 5a South 
IRP-5S(a), Drainage Area No. 1 – Ditch 5a South, is located in the southern portion of 
Former MCAS Tustin, southeast of Aircraft Hangar No. 1 (Building 29) (Figure 1-2).  
IRP-5S(a) encompasses approximately 2 acres and forms a part of a culvert system  
that collects surface water runoff from most of the northwestern portion of the former 
station and makes connections with several buildings (e.g., Building 28).  IRP-5S(a) is 
currently an unmaintained, open, partially grass-covered site.  According to the Specific 
Plan, IRP-5S(a) is located in an area designated for commercial business and roads 
(City of Tustin 1998). 

1.7.2.1 SITE HISTORY 
See Section 1.7.1.1 for a brief description of the site history. 
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1.7.4 IRP-6 – Paint Locker and Drum Storage Area 
IRP-6, Paint Locker and Drum Storage Area, is located in the southern portion of Former 
MCAS Tustin (Figure 1-2).  The site is currently occupied by Building 250.  All areas 
adjacent to Building 250 have been paved with asphalt for parking and equipment storage 
with the exception of concrete sidewalks and planter boxes near three sets of staircases 
on the north side of the building.  Building 250 has an elevated concrete floor and no 
crawl space.  IRP-6 is in an area designated for commercial use and commercial facilities 
(roads) in the Specific Plan (City of Tustin 1998). 

1.7.4.1 SITE HISTORY 
IRP-6 was used as a paint locker and drum storage area from 1972 to 1981.  Building 250 
was also used as a receiving and distribution center for station supplies.  An aerial 
photograph from 1976 (JEG 1993) shows evidence of aboveground storage tank (AST) 
locations near the northwest corner of the site and a former drainage ditch that crosses the 
site in an approximately northeast-southwest direction.  The drainage ditch was 
apparently filled after 1976, possibly to prepare for the construction of Building 250.  
The drainage ditch was rerouted to the south of its former location (aerial photograph 
1991). 

The IAS reported that an estimated 53 gallons of wastes was potentially released to  
soil from an average of 100 drums stored at the site at any given time (Brown and 
Caldwell 1985).  Based on the amount of each product stored, and assuming a 1 percent 
leak rate, the following potential release volumes were estimated: 

• crankcase oil, 29 gallons 

• hydraulic fluid, 12 gallons 

• degreaser PD-680, 6 gallons 

• paint stripper, 3 gallons 

• polyurethane thinners, 2 gallons 

• a 1-gallon mixture of: 

– isobutyl alcohol, 

– MEK, 
– paint thinner, 
– paint stripper, 
– polyester resin, 
– MEK peroxide, 
– penetrating oil, and 

– naphtha 

In addition to the drum storage, an average of 2 gallons a month of waste Alodine™, a 
corrosion inhibitor for aluminum, was reportedly disposed at IRP-6.  An estimated 
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20 percent of the waste Alodine was rinsed with water to the grass, and 80 percent  
was disposed of directly to the grass.  An estimated 225 gallons of this solution,  
which contains chromic acid, cyanide, and fluoride, was disposed by this method from 
1972 to 1981. 

1.7.4.2 NATURE AND EXTENT OF CONTAMINATION 
The nature and extent of contamination interpreted from previous investigations at IRP-6 
are summarized in this subsection; a more detailed description is provided in the ESI 
Report (BNI 1996).  Results of quarterly groundwater monitoring at IRP-6 are presented 
in the 2001 Annual Groundwater Monitoring Report (BEI 2003b).  Figure 1-6 depicts 
soil and groundwater sampling locations and shows concentrations of 1,1-dichloroethene 
(DCE), 1,2-dichloroethane (DCA), and TCE reported in groundwater at IRP-6 during the 
ESI and the December 2001 quarterly sampling round (BEI 2003b).  Reported 
concentrations of 1,1-DCE, 1,2-DCA, and TCE have consistently exceeded their 
respective MCLs in groundwater samples collected during quarterly monitoring 
conducted through December 2001.  The lateral extent of 1,1-DCE in the first WBZ at 
concentrations exceeding 5 μg/L (the MCL for 1,1-DCE) is approximately 210 feet in a 
north-south direction and 60 feet in an east-west direction (Figure 1-6). 

Soil and groundwater samples were collected and analyzed during the ESI from 
December 1995 through February 1996 (BNI 1996).  Groundwater samples have been 
collected quarterly from the five groundwater monitoring wells at IRP-6 since their 
installation in 1999 and 2000 (BEI 2003b). 

Table 1-8 presents the frequency of reporting and range of concentrations of the COPCs 
identified in soil at IRP-6.  Soil samples were analyzed for VOCs, TPH, PCBs, PAHs, 
metals, hexavalent chromium, cyanide, and fluoride.  Most of the organic compounds and 
metals at concentrations exceeding background levels were reported in soil samples from 
the west side of Building 250 (Figure 1-6). 

Table 1-8 also presents the frequency of reporting and range of concentrations of the 
COPCs identified in groundwater at IRP-6.  Groundwater samples were analyzed for 
VOCs and metals.  Reported concentrations of two VOCs (1,1-DCE and TCE) and one 
metal (cadmium) in groundwater exceeded or equaled their respective MCLs (BNI 1996) 
(Figure 1-6).  1,1-DCE was reported in groundwater at concentrations up to 150 μg/L  
and exceeded the MCL (6 μg/L) at two locations east of Building 250.  TCE was reported 
a concentration equal to its MCL (5 μg/L) at one location east of Building 250.   
Cadmium was reported in one groundwater sample at a concentration of 5.6 μg/L, 
exceeding its MCL (5 μg/L), in a temporary wellpoint sample collected on the south side 
of Building 250. 

One groundwater monitoring well was installed in 1999 and four additional wells were 
installed in 2000 in the first WBZ east of Building 250 at IRP-6 (Figure 1-6).  Table 1-9 
summarizes results from quarterly groundwater monitoring data obtained from these 
wells from 1999 through 2001 (BEI 2003b).  1,1-DCE, TCE, 1,2-DCA, and vinyl  
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1.3.1 IRP-6 – Paint Locker and Drum Storage Area 
IRP-6 is located in the southern portion of former MCAS Tustin (Figure 1-1).  The site 
was formerly occupied by Building 250.  IRP-6 was used as a paint locker and drum 
storage area from 1972 to 1981.  Building 250 was also used as a receiving and 
distribution center for station supplies.  An aerial photograph from 1976 (JEG 1993) 
showed evidence of aboveground storage tank locations near the northwest corner of the 
site and a former drainage ditch that crossed the site in an approximately northeast-
southwest direction. 

The Initial Assessment Study reported that an estimated 53 gallons of wastes was 
potentially released to soil from an average of 100 drums stored at the site at any 
given time (Brown and Caldwell 1985).  In addition to the drum storage, an average 
of 2 gallons a month of waste Alodine, a corrosion inhibitor for aluminum, was 
reportedly disposed at IRP-6.  An estimated 20 percent of the waste Alodine was 
rinsed with water onto the grass, and 80 percent was disposed directly onto the grass.  
An estimated 225 gallons of this solution, which contains chromic acid, cyanide, and 
fluoride, was disposed by this method from 1972 to 1981. 

Historically, concentrations of 1,1-DCE and TCE have consistently exceeded their 
respective California MCLs at 6 and 5 μg/L, respectively, in groundwater samples 
collected from monitoring wells at IRP-6.  The lateral extent of the main 1,1-DCE plume 
in the first WBZ at concentrations exceeding 6 µg/L was previously estimated to extend 
approximately 210 feet long in a north-south direction and 60 feet wide in an east-west 
direction (BEI 2004). 

1.3.2 Mingled Plumes Area 
The MPA consists of five AOCs (DSS-01, DSS-02, MDA-02, MMS-05, and ST-67) 
located in the center of former MCAS Tustin (Figure 1-2).  During the ESI and RFA, 
investigations were performed separately at each AOC (BNI 1996, 1997a).  Data from 
those investigations were evaluated during the RI as part of stationwide groundwater 
modeling (BNI 1997b).  The RI concluded that TCE in groundwater at the five AOCs 
formed one continuous plume in the first WBZ.  An additional groundwater investigation 
at MDA-02 in 1999 also concluded that there was one continuous plume (BNI 1999).  
The plume in the first WBZ, as interpreted in the RI, had an irregular shape and was 
approximately 1,800 feet long and 300 feet wide (BNI 1997b). 

DSS-01 is an approximately 100-foot section of collapsed sanitary sewer pipeline, 
located in the northern portion of former MCAS Tustin next to Calnan Street and near 
Building 71B.  DSS-02 is located in the northern portion of former MCAS Tustin, north 
of and parallel to Calnan Street and adjacent to DSS-01.  MDA-02 is located in the 
northern portion of former MCAS Tustin, west of Copeland Street.  MMS-05, Paint 
Stripper Disposal Area No. 2, is located in the eastern portion of former MCAS Tustin, 
north of the southwestern corner of Hangar No. 1 (Building 28) where former Quonset 
huts were used as a paint shop.  ST-67, the Former Hazardous Materials Storage Yard, is 
located in the central portion of former MCAS Tustin west of Hangar No. 1.  ST-67 is the 
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former location of a building associated with the use, storage, and disposal of hazardous 
materials (Brown and Caldwell 1991, JEG 1992, NBS 1987, SCS 1979). 
TCE is the only VOC that has exceeded its MCL at the MPA.  TCE was reported above 
its MCL of 5 µg/L in the first WBZ at four of the five AOCs (except DSS-02).  The 
lateral extent of TCE in the first WBZ, based on previous investigations and monitoring 
events, is presented in the OU-4 Technical Memorandum (BEI 2004).  In two samples 
collected from the second WBZ, TCE was not reported at or above its MCL and, as such, 
it was concluded that TCE had not migrated at significant concentrations from the first 
into the second WBZ. 

1.4 OBJECTIVES AND SCOPE 
As mentioned above, the overall objectives of the supplemental investigation were to 
verify preliminary results obtained during 2005 and 2006 at IRP-6 and complete data 
collection at IRP-6 and the MPA to the extent necessary that evaluation and comparison 
of remedial alternatives for cleanup of these and other OU-4B sites can be finalized for 
the FS Report.  This supplemental investigation was conducted in general accordance 
with site-specific data quality objectives (DQOs) presented in the final Work Plan issued 
in October 2006 (BEI 2006).  The decision rules for the supplemental investigation, as 
presented in DQOs from the October 2006 final Work Plan (BEI 2006), included the 
following for each area and environmental media.  The sampling locations referenced in 
the DQOs are included in the figures that present results (Section 2) of this Technical 
Memorandum. 

IRP-6 Discrete Groundwater Sampling: 
1. If VOC concentrations in HydroPunch samples collected from locations 

adjacent to the current 1,1-DCE plume exceed their respective MCLs, additional 
evaluation will be considered.  If not, then no additional samples will be 
collected from the first WBZ adjacent to the current 1,1-DCE plume. 

2. If VOC concentrations in HydroPunch samples collected from locations 
adjacent to HP-03 exceed their respective MCLs, then additional “step-out” 
samples will be collected in the area adjacent to HP-03.  If not, then no 
additional samples will be collected adjacent to HP-03. 

3. If VOC concentrations in HydroPunch samples collected adjacent to April 2005 
locations HP-01, HP-02, HP-04, and HP-05 exceed their respective MCLs, then 
additional step-out samples will be collected to estimate the lateral extent of 
VOCs in groundwater in these areas.  If not, no further sampling will be 
performed in these areas. 

4. If VOC concentrations in the HydroPunch samples collected from location 
I006GW017 and the three locations immediately downgradient of the 
contaminant plume depicted in the first WBZ exceed their respective MCLs, 
then additional evaluation of the second WBZ at IRP-6 will be considered.  If 
not, then no further sampling of the second WBZ will be performed. 
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The city’s SP/reuse plan for former MCAS Tustin formed the basis for the HHRA 
completed to support the RI (BNI 1997b).  Future land use was also a key consideration 
throughout this FS Report in the development and analysis of OU-4B remedial 
alternatives.  For areas designated as “community core,” it was assumed that 
remediation would have to be adequate to support residential redevelopment, generally 
considered the most sensitive reuse option. 

1.4 PHYSICAL SETTING AND CLIMATE 
This section describes topographical features and surface water hydrology in the vicinity 
of former MCAS Tustin, as well as the regional climate.  The relationship between 
surface water and groundwater is an important consideration when evaluating potential 
VOC migration pathways in the subsurface.  Regional climate, particularly rainfall, 
evapotranspiration, and net recharge, have a direct bearing on groundwater movement at 
the site.  The information in the following subsections was condensed from the RI Report 
(BNI 1997b). 

1.4.1 Topography 
Former MCAS Tustin is situated at the eastern edge of a broad coastal plain, an 
essentially planar alluvial flatland bounded on the east-northeast by the foothills of the 
Santa Ana Mountains and on the south by the San Joaquin Hills.  The coastal plain slopes 
gently toward the Pacific Ocean in a southwesterly direction.  The topographic 
surroundings of former MCAS Tustin are shown on Figure 1-4. 

The topography at the former station is essentially flat, with a mean elevation of 
approximately 54 feet above mean sea level (MSL).  The ground surface ranges in 
elevation from about 75 feet above MSL at the northwest corner to about 45 feet above 
MSL in the southeast portion of the station, sloping approximately 20 feet per mile. 

1.4.2 Surface Water Hydrology 
Former MCAS Tustin consisted of fairly marshy land before it was first developed in 
1942, with a main drainage channel located in what is now the middle of the station.  The 
station was regraded with backfill, and an extensive surface and subsurface drainage 
system was installed.  The primary drainages surrounding the station include Peters 
Canyon Channel, Santa Ana-Santa Fe Channel, Barranca Channel, and San Joaquin ditch.  
Only Peters Canyon Channel and Barranca Channel receive drainage from the station.  
Peters Canyon Channel, Santa Ana-Santa Fe Channel, and Barranca Channel are still in 
use today.  The San Joaquin ditch and most of its feeder ditches have been filled in with 
gravel and resurfaced as part of commercial development activities in 2007.  This 
included installation of a subsurface culvert system and special construction measures 
used to prevent passage or transmission of contaminated groundwater beyond or down 
the sides of the backfilled trenches.  Surface topography, former and current surface 
water drainage systems and features, and former agricultural areas at and in proximity of 
the former station are shown on Figure 1-5. 
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The three remaining major drainage channels that surround former MCAS Tustin (Peters 
Canyon Channel, Santa Ana-Santa Fe Channel, and Barranca Channel) are incised about 
10 to 20 feet below the surrounding land surface and typically contain water year-round.  
Data obtained during the RI (BNI 1997b) indicated that both Barranca Channel and 
Peters Canyon Channel gain flow from the shallow groundwater system in the vicinity of 
the station.  The Santa Ana-Santa Fe Channel loses water to the subsurface in its western 
reach and gains flow from groundwater in its eastern reach. 

Surface water runoff at the station is controlled by local topography and the drainage 
system.  Surface water at the station originates almost entirely on-site as stormwater or 
landscape irrigation runoff, flowing away from the station to the south and southeast.  
Surface water flowing toward the station is intercepted by the Santa Ana-Santa Fe 
Channel or Peters Canyon Channel and routed around the station (Figure 1-5).  Prior to 
its infilling and replacement with a subsurface culvert system in 2007, the San Joaquin 
ditch was a primary on-site drainage channel, collecting runoff from the central and 
eastern portions of the station and discharging to Peters Canyon Channel through a 
conduit beneath Barranca Parkway.  Runoff from the station also enters Peters Canyon 
Channel via Barranca Channel. 

Peters Canyon Channel carries all the runoff from former MCAS Tustin to San Diego 
Creek, approximately 1 mile to the southwest.  San Diego Creek eventually empties into 
Upper Newport Bay about 5 miles southwest of the station. 

1.4.3 Climate and Meteorology 
The climate of the Tustin area is Mediterranean, with hot, dry summers and cool, wet 
winters.  The mean daily temperature is approximately 64 degrees Fahrenheit (°F), with 
occasional low temperatures around 30 °F and high temperatures near 100 °F. 

The average annual precipitation is 12.5 inches, with most rainstorms occurring between 
November and April.  Precipitation averages only 0.12 inch from May through October.  
The average annual potential evaporation rate is about 60 inches.  The average basewide 
net groundwater infiltration rate under current land-use conditions is estimated to be from 
0 to 0.5 inch per year (BNI 1997b).  This very low infiltration rate can be explained by 
the combined effects of low precipitation, high evaporation, extensive areas of pavement 
(which prevent groundwater recharge), and the drainage network (which routes 
stormwater and irrigation runoff away from the facility before it can enter the shallow 
groundwater system). 

1.5 GEOLOGY AND HYDROGEOLOGY 
A brief summary of the geology and hydrogeology of former MCAS Tustin is provided 
below.  The geology and hydrogeology are described in detail in the RI Report (BNI 1997b) 
and in subsequent documents (BNI 1998a, BEI 2003a).  The conceptual hydrogeologic 
model developed for former MCAS Tustin provides the framework for evaluating 
remedial alternatives in subsequent sections of this FS Report. 
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1.5.1 Regional Geology and Hydrogeology 
Former MCAS Tustin is located on the Tustin Plain, which resulted from the deposition of 
an alluvial fan formed by San Diego Creek and other smaller fans with sources originating 
from the southern part of the Santa Ana Mountains.  Approximately 1,300 feet of 
unconsolidated sediment was deposited in the vicinity of the station, including 
Quaternary floodplain deposits near the ground surface to approximately 150 feet below 
ground surface (bgs), Pleistocene stream terrace and alluvial deposits to about 300 feet 
bgs, and Pleistocene sand, gravel, silt, and clay of the San Pedro Formation to 
approximately 1,300 feet bgs. 

Floodplain sediments found at ground surface to depths of about 90 to 150 feet bgs 
consist of massive silt, clayey silt, clay, and silty clay deposits, with discontinuous sand 
and gravel lenses.  Sand and gravel lenses are interpreted to have been deposited by 
relatively narrow stream (fluvial) channels that incised finer, predominantly silt/clay 
floodplain sediments.  The uppermost floodplain deposits at the station can be up to 
50 feet thick and are generally laterally continuous.  The fluvial, coarser-grained deposits 
are relatively thin (1 to 10 feet thick) and laterally discontinuous. 

According to the updated Water Quality Control Plan (Basin Plan) for the Santa Ana 
River Basin (RWQCB 2008), former MCAS Tustin is located within the Irvine 
Groundwater Management Zone of the Lower Santa Ana River Hydrologic Area 
(Figure 1-6).  Groundwater within this management zone has been designated by 
RWQCB as a public water supply source.  At the eastern fringes of the Irvine 
Groundwater Management Zone, the overlying alluvial sediments abut essentially non-
water-bearing, consolidated sedimentary, metasedimentary, and igneous bedrock of the 
San Joaquin Hills and the foothills of the Santa Ana Mountains.  These are recharge areas 
where water infiltrates into unconfined aquifers along alluvial fans.  Infiltrated 
groundwater then flows toward the southeast where the regional aquifer becomes 
artesian, confined by overlying low-permeability materials.  The boundary between the 
generally unconfined and confined groundwater varies seasonally and annually according 
to the relative amounts of groundwater withdrawal and recharge in the areas.  Confined 
groundwater in the regional aquifer then continues to flow generally southwesterly 
toward the Pacific Ocean, with local pumping depressions nested around several 
municipal and agricultural extraction well fields (Figure 1-7). 

The regional aquifer occurs as an extensive, well-developed water-bearing sand zone at 
approximately 90 to 150 feet bgs, or between 40 feet below MSL to 100 feet below MSL 
in the vicinity of the station.  This sand, probably a beach deposit, constitutes the 
uppermost part of the confined regional aquifer within the older (Pleistocene) alluvial 
sediments.  Lithologic, hydraulic, and geochemical data are provided in the RI Report to 
support 40 feet below MSL as the approximate demarcation between the shallow and 
regional aquifers under the station (BNI 1997b). 

The regional aquifer is currently used as a source of municipal drinking and irrigation 
water.  Groundwater quality varies both laterally and vertically, with total dissolved 
solids (TDS) concentrations ranging from 250 to 1,700 milligrams per liter (mg/L), 
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averaging about 800 mg/L.  The average TDS concentration in the regional aquifer is 
below the 1,000 mg/L secondary maximum contaminant level (MCL) established by the 
California Department of Public Health (DPH) and promulgated in the California Code 
of Regulations (Cal. Code Regs.) at Cal. Code Regs. Title (tit.) 22, Section (§) 64449.  
However, the average TDS concentration is above the 700 mg/L water quality objective 
(WQO) recommended by RWQCB for most irrigation uses (RWQCB 2008).  
Groundwater in the regional aquifer generally contains sodium and calcium as the 
dominant cations and either sulfate or carbonate as the dominant anion (BNI 1997b). 

The RI Report identified 28 production wells in the regional aquifer at that time within a 
3.5-mile radius of former MCAS Tustin, most screened between 200 and 300 feet below 
MSL (BNI 1997b).  The closest potable water supply well, operated by the City of 
Tustin, is located 1.5 miles north (upgradient) of the station.  There are six agricultural 
water supply wells within 1 mile of the former MCAS Tustin perimeter. 

Osumi Farms operated the only on-station production well, designated as OSUM-T.  This 
well, used exclusively for agricultural purposes, was located in the southern portion of 
the station.  OSUM-T was shut down in December 2000 and destroyed in March 2003. 

1.5.2 Shallow Groundwater System at Former MCAS Tustin 
Shallow groundwater is most easily produced from relatively coarser-grained 
discontinuous lenses of sand and gravel of varying thickness and extent within primarily 
fine-grained floodplain deposits.  There does not appear to be a laterally continuous 
shallow aquifer beneath the station in the sense of a contiguous saturated permeable unit.  
The shallow saturated strata at the station (to approximately 90 feet bgs) were generalized 
into three water-bearing zones (WBZs) (BNI 1997b), a convention that is followed 
throughout this FS Report.  The conceptualized hydrogeologic model for former MCAS 
Tustin illustrates this general relationship between the three WBZs, the continuous clay 
aquitard at the bottom of the third WBZ, and the regional aquifer underlying the station. 

The primary sources of local recharge to shallow groundwater include infiltration of 
rainfall and water used locally for landscape irrigation.  Regional recharge in the Forebay 
Area (off-station) and artificial recharge along portions of the Santa Ana River may also 
contribute water to the deeper portions of shallow groundwater (BNI 1997b). 

All lithologic, hydraulic, and geochemical evidence to date indicates that the three shallow 
WBZs at former MCAS Tustin are separated from the regional aquifer by a basewide 
aquitard consisting of a continuous stiff clay layer, 10 to 30 feet thick (BNI 1997b).  Based 
on a review of the OSUM-T well, groundwater quality data, and water-level data 
collected basewide, this aquitard appears to effectively impede hydraulic communication 
between the three WBZs and the regional aquifer. 

Groundwater is first encountered at the station from approximately 5 to 15 feet bgs (30 to 
60 feet above MSL).  Depth to water is greatest in the northern portion of former MCAS 
Tustin and decreases in a southern direction.  The first, or uppermost, WBZ extends from 
the water table to approximately 50 feet bgs.  The second WBZ extends from approximately 
50 to 100 feet bgs.  The third WBZ extends from 90 to 100 feet bgs downward to 
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1988).  In addition, investigation planning and review, remediation activities, and ongoing 
groundwater monitoring are coordinated with the Base Realignment and Closure Cleanup 
Team (BCT).  The BCT consists of representatives from the Navy and regulatory agency 
partners including the California Environmental Protection Agency (Cal/EPA), Department 
of Toxic Substances Control (DTSC), the California Regional Water Quality Control Board 
(RWQCB) Santa Ana Region, and the United States Environmental Protection Agency (U.S. 
EPA). 

1.2 PHYSICAL SETTING 
Former MCAS Tustin is located at the eastern edge of a broad coastal plain, an alluvial 
flatland bordered on the east-northeast by the gentle slopes of Lomas De Santiago along the 
foothills of the Santa Ana Mountains, and on the south by the San Joaquin Hills. 

The land surface at Former MCAS Tustin is relatively flat, with a mean surface elevation of 
approximately 54 feet above mean sea level (MSL).  The ground surface slopes gradually, 
approximately 20 feet per mile, from a maximum elevation of approximately 75 feet above 
MSL at the northern portion of the facility to approximately 40 to 45 feet above MSL at the 
southern portion (Figure 1). 

When Former MCAS Tustin was first developed in 1942, the area was fairly marshy and the 
main surface water drainage channel was located in the middle of the facility.  The facility 
was backfilled and regraded, and an extensive surface and subsurface drainage system was 
installed (including Peters Canyon Channel, Santa Ana-Santa Fe Channel, Barranca Channel, 
and the San Joaquin Ditch).  These man-made channels are incised to depths of 
approximately 10 to 20 feet below the surrounding land surface and contain some flow year-
round.  Except for the concrete-lined sections of Santa Ana-Santa Fe Channel and Peters 
Canyon Channel at their convergence in the southeastern corner of the facility, the drainage 
channels are unlined and permit flow between the shallow groundwater and surface water in 
the channels. 

The climate in the Tustin area is basically Mediterranean, with hot, dry summers and cool 
winters.  The mean daily temperature is approximately 64 degrees Fahrenheit (°F) with 
occasional lows around 30 °F and highs near 100 °F.  The average annual precipitation is 
12.5 inches, most of which occurs between November and April.  The annual potential 
evaporation rate is roughly 60 inches. 

1.3 HYDROGEOLOGY 
Former MCAS Tustin is situated in the center of the Irvine Pressure Groundwater Subbasin 
(RWQCB 1995).  The basin is bordered on the east by recharge areas or uplands of the Santa 
Ana Mountains and on the west by the San Joaquin Hills.  At the basin fringes (Forebay 
area) water infiltrates unconfined aquifers along alluvial fans where sediments abut the 
bedrock foothills.  Groundwater flows from these areas toward the center of the basin 
(known as the Pressure Area), where it becomes confined by overlying low-permeability 
materials.  Figure 2 presents a conceptual hydrogeologic cross-section of the former MCAS. 
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1.3.1 Shallow Aquifer 
Subsurface soils extending to approximately 90 to 150 feet below ground surface (bgs) 
consist primarily of fine-grained floodplain deposits, including massive silts and clays with 
thin (1- to 10-foot-thick), discontinuous sand and gravel lenses.  These lenses are permeable, 
locally confined water-bearing units, and constitute the shallow WBZs beneath most of 
Former MCAS Tustin. 

Three distinct WBZs have been identified within the interval from ground surface to 
approximately 90 to 150 feet bgs.  This report will focus on the first and second WBZs only.  
Each WBZ is distinguished from the others primarily by chemical characteristics that vary 
with depth and secondarily by general geology.  Elevations of the water table (potentiometric 
head) in wells screened in the uppermost (first) WBZ vary from approximately 5 to 15 feet 
bgs (30 to 60 feet above MSL).  Groundwater flow in the shallow WBZs is controlled by the 
Santa Ana-Santa Fe Channel, Peters Canyon Channel, and Barranca Channel; positioned 
along the northeastern, southeastern, and southwestern sides of Former MCAS Tustin, 
respectively.  Because these channels are predominately unlined and extend below the 
groundwater table, they function as dewatering trenches, causing shallow groundwater to 
flow toward the channels.  These channels have no influence on groundwater in the deeper 
regional aquifer; all lithologic, hydrologic, and geochemical evidence indicates that the 
shallow groundwater is hydrologically separated from groundwater in the regional aquifer. 

Groundwater quality in the shallow aquifer zones beneath Former MCAS Tustin ranges 
from brackish to saline.  Total dissolved solids (TDS) concentrations exceed 10,000 
milligrams per liter (mg/L) in the first WBZ downgradient of Former MCAS Tustin along 
the Peters Canyon Channel.  The primary causes of high TDS in shallow groundwater are 
most likely cyclic downward leaching of salts by water infiltrating from precipitation and 
irrigation, coupled with the loss of moisture through evaporation from the vadose zone and 
shallow water table.  Shallow groundwater quality has also been severely impacted by 
elevated selenium levels (naturally occurring) and nitrate levels elevated by decades of 
agricultural activities. 

1.3.2 Regional Aquifer 
The regional aquifer is first encountered near Former MCAS Tustin at approximately 90 to 
150 feet bgs or 30 feet to 60 feet below MSL.  It is a primary source for drinking and 
irrigation water.  Although groundwater in the regional aquifer generally flows southwesterly 
toward the Pacific Ocean, flow direction is influenced locally by pumping depressions nested 
around several extraction well fields within the groundwater basin. 

Osumi Farms operated the only on-base production well, designated as OSUM-T.  This well 
was located in the southern portion of the base and was used exclusively for agricultural 
purposes until its shutdown in December 2000.  The well was destroyed by BNI on 25 April 
2004 per the requirements of the State of California, Department of Water Resources, 
Bulletin 74-90. Well OSUM-T operated on demand with an estimated pumping capacity of 
2,000 to 3,000 gallons per minute (gpm).  This well drew water from regional aquifer zones 
below approximately 103 to 263 feet below MSL and 301 to 790 feet below MSL (148 to 308 
feet bgs and 346 to 835 feet bgs, respectively) (BNI 1996).  Between 1980 and 2000, 
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production at OSUM-T averaged approximately 715 acre-feet per year (233 million gallons 
per year). 

1.4 NATURE AND EXTENT OF GROUNDWATER CONTAMINATION 
The RI basewide groundwater evaluation incorporated all groundwater data collected as part 
of the various investigative programs discussed.  The RI initially determined the nature and 
extent of groundwater contamination using data collected primarily from a one-time 
sampling effort that used direct-push techniques (HydroPunch® and Enviro-Core® 
borings) and temporary well points.  Following the RI basewide groundwater evaluation, a 
network of groundwater monitoring wells was installed as shown in Figure 3.  Subsequent 
quarterly groundwater monitoring using the monitoring well network was conducted to: 

• confirm the one-time HydroPunch® sampling results; 
• monitor seasonal variations in water-level elevations and contaminant 

concentrations; and 
• monitor movement of the dissolved-phase contaminant plumes in groundwater. 

The basewide groundwater evaluation conducted during the RI phase of work identified 
dissolved-phase volatile organic compounds (VOCs) at each of the four sites discussed in 
this report (IRP-3, IRP-6, IRP-12, and the MPA).  Ongoing quarterly groundwater 
monitoring has increased knowledge of the nature and extent of groundwater contamination 
at these sites.  Trichloroethene (TCE) has been identified as the primary chemical of concern 
(COC) in groundwater at IRP-3, IRP-12, and the MPA.  At IRP-6, 1,1-dichloroethene (1,1-
DCE) is identified as the primary COC.  Other VOCs frequently reported at these sites 
included 1,2-dichloroethane (1,2-DCA); cis-1,2-DCE; and 1,1,2-trichloro-1,2,2-
trifluoroethane (Freon 113).  Figures 4a and 4b present the horizontal extent of primary 
VOCs in the first and second WBZs of the shallow aquifer. 

1.4.1 IRP-3 
RI monitoring in 1995 and 1996 identified chlorinated VOCs (primarily TCE; also 1,1-DCA; 
1,1-DCE; and cis-1,2-DCE) as the primary contaminants in groundwater at IRP-3.  
Although VOCs were reported in samples collected from both the first and second WBZs, 
they were most prevalent in the first WBZ (Figure 4a).  Data from subsequent monitoring 
rounds conducted through December 2005 are generally consistent with RI data. 

1.4.2 IRP-6 
RI monitoring in 1995 and 1996, consisting of HydroPunch® sampling, identified 
chlorinated VOCs (primarily 1,1-DCE; also 1,1-DCA; 1,2-DCA; and TCE) as principal 
contaminants in groundwater in the first WBZ at IRP-6.  One monitoring well was installed 
in 1999 and four additional wells were installed in 2000 to monitor VOCs in groundwater. 

Data from June 2000 indicated that the extent of 1,1-DCE at the site was more elongated 
both upgradient and downgradient than was originally interpreted from HydroPunch® data 
(BNI 1996).  The data also indicated that the contamination was limited to the first WBZ 
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In summary, the U.S. EPA maximum cancer risk is 4.0E-06 (IRP-5S[a]) primarily due to 
use of the TCE provisional U.S. EPA toxicity factor.  Cal/EPA cancer risks are 
acceptable for all OU-4B sites.  U.S. EPA and Cal/EPA noncancer HIs for all sites are 
below 1. 

It is likely that any actual risk estimated for the vapor intrusion pathway would be lower 
if soil gas data were used in the HHRAs.  Soil gas data (not available) are preferred by 
U.S. EPA and Cal/EPA for estimating vapor migration, and generally result in lower 
estimated risks than groundwater data because the model for groundwater does not 
incorporate any factor for attenuation of COPC concentrations in the soil during 
migration.  The U.S. EPA cancer risks for IRP-11 and IRP-13W exceeding 1E-06 are 
associated with TCE in soil; it should be noted that soil data were collected in 1995–1996, 
and VOC concentrations in soil would be expected to be lower than reported at that time. 

1.9 ECOLOGICAL RISK ASSESSMENT 
Biological surveys were initially conducted at former MCAS Tustin by Tierra Madre 
Consultants (1994).  That study noted that the station provided minimal habitat and 
contained low wildlife diversity and abundance.  However, the study identified the 
drainage ditches at IRP-5 as possible wetlands habitat.  In 1996, the United States Army 
Corps of Engineers concluded that these three ditches were jurisdictional wetlands under 
the Clean Water Act. 

Field surveys conducted during the RI at OU-1 and OU-2 also noted the lack of 
significant wildlife and the degraded habitat at most of the station, but did identify the 
potential for ecological receptors at the drainage ditches at IRP-5 (BNI 1997b).  On this 
basis, an ecological risk assessment was conducted during the RI at the three drainage 
ditches at IRP-5 (IRP-5S[a], IRP-5S[b] and IRP-5N).  Contaminant concentrations 
reported in soil, sediment, and surface water samples collected from the ditches were 
used in the assessment.  Hazard quotients were found to exceed 1 for some chemicals 
for the mallard duck and least sandpiper.  However, given the limited size of the ditches 
and realistically low potential exposure to avian receptors, it was concluded in the RI 
that the ditches, including IRP-5S(a), do not appear to pose a significant ecological risk 
to wildlife. 

Recent redevelopment at former MCAS Tustin has included infilling of San Joaquin ditch 
and its tributary ditches (south ditch and downstream portion of north ditch) in the 
vicinity of OU-4B sites IRP-5S(a) and IRP-6, and there is no longer surface water and 
related habitat at these particular locations.  Therefore, no impact to ecological receptors 
would be expected via this potential pathway. 

1.10 GROUNDWATER MODELING 
Groundwater modeling was performed to simulate contaminant flow conditions and 
assess the fate and transport of 1,1-DCE at IRP-6 and TCE at IRP-5S(a), IRP-11, 
IRP-13W, MMS-04, and at the MPA.  All plumes were evaluated under a no action 
(baseline) scenario and assuming natural attenuation (a 10-year VOC half-life); a 
hydraulic containment alternative was also evaluated for IRP-5S(a) and the MPA.  All 
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Table B-1 
Groundwater Flow and Contaminant Transport Model Layers 

Model 
Layer 

Thickness 
(feet) 

Approximate Depth 
(feet bgs) Soil Material Relation to WBZ 

1 10–15 10–25 Silty clay Upper portion of first WBZ 
2 5–10 20–35 Silty sand Permeable portion of first WBZ 
3 10–20 25–45 Silty clay Lower portion of first WBZ 
4 10 45–55 Silty sand Permeable portion of second WBZ 

Acronyms/Abbreviations: 
bgs – below ground surface 
WBZ – water-bearing zone 
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Table B-2   
Model Input Parameters 

Parameter Value 

1.  Horizontal hydraulic conductivity 
Layer 1 (upper confining layer) 10-4 cm/s (0.28 feet per day) 
Layer 2  8.9 × 10-3 cm/s (25 feet per day) 
Layer 3 (lower confining layer) 10-4 cm/s (0.28 feet per day) 
Layer 4 10.6 × 10-3 cm/s (30 feet per day) 

2.  Hydraulic conductivity vertical anisotropy 0.1
3.  Recharge Spatially variable: 0 to 0.5 inch per year 
4.  Effective porosity 0.25
5.  Bulk density 1.65 g/cm3 

6.  Distribution coefficient (kd) 
TCE 2.87 cm3/g
1,1-DCE 1.72 cm3/g

7.  Retardation factor 
TCE 20
1,1-DCE 12.5

8.  Longitudinal dispersivity al 10 feet
9.  Transverse dispersivity at 0.2 foot
10.  Vertical dispersivity av 0 foot 

Acronyms/Abbreviations: 
cm3/g – cubic centimeters per gram 
cm/s – centimeters per second 
DCE – dichloroethene 
g/cm3 – grams per cubic centimeter 
TCE – trichloroethene 
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Table B-3  
Groundwater Modeling Results for Remediation of TCE in Groundwater  

at the MPA, IRP-11, IRP-13W, and MMS-04 

Plume 
Remedial 

Option 

Degradation 
rate in 

Dissolved 
Phase 

Maximum 
Concentration 
After 30 Years

(μg/L) 

Downgradient 
Migration of 
the Leading 

Edge at 
30 Years 

(feet) 

Total Mass 
Remaining in 
the Aquifer 

After 30 
Years 
(kg) 

Percent of 
Total Mass 
Removed 

in 30 Years

Maximum 
Concentration 

After  
100 Years 
(μg/L) 

Time for the 
Entire Plume to 
Be Below 5 μg/L

(years) 

Maximum 
Downgradient 

Migration Before the 
Entire Plume Is Below 

5 μg/L 
MPA 1st WBZ 35 200 6.3 9 23 > 100 750 feet @ 100 years 
MPA 2nd WBZ 

no degradation 
16 150  2.2  0.2 8 > 100 450 feet @ 100 years 

MPA 1st WBZ 31 200 5.7 14 16 > 100 600 feet @ 100 years 
MPA 2nd WBZ 

no action 
10-year half-life 

14 150  2.0 10  6 > 100 300 feet @ 100 years 
MPA 1st WBZ 19 50 5.1 24 13 > 100 50 feet @ 100 years 
MPA 2nd WBZ 

no degradation 
13 0 1.5 31 NAc 80 0 

MPA 1st WBZ 18 50 4.6 31 9 > 100 0 foot @ 100 yearsa 
MPA 2nd WBZ 

hydraulic 
containment 

10-year half-life  
12 0 1.4 37 NAc 67 0 

IRP-11 no degradation 4 NAb 0.11 8 NAc 24 50 
IRP-11 

no action 
10-year half-life 4 NAb 0.10 17 NAc 18 40 

IRP-13W no degradation 6 300 0.58 18 NAc 36 300 
IRP-13W 

no action 
10-year half-life 5 250 0.53 26 NAc 31 250 

MMS-04 no degradation 0 NAb 0.008 70 NAc 3 0 
MMS-04 

no action 
10-year half-life 0 NAb 0.006 76 NAc \ 3 0 

Notes: 
a plume contracts due to degradation 
b downgradient plume migration not measured because the maximum concentration of TCE is below the MCL 
c maximum TCE concentration is below the MCL and therefore not provided 

Acronyms/Abbreviations: 
IRP – Installation Restoration Program 
kg – kilograms 
µg/L – micrograms per liter 
MCL – maximum contaminant level 
MMS – miscellaneous major spill 
MPA – Mingled Plumes Area 
NA – not applicable 
TCE – trichloroethene 
WBZ – water-bearing zone  
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Table B-4  
Groundwater Modeling Results for Remediation of TCE in Groundwater at IRP-5S(a) 

Remedial 
Option 

Degradation 
Rate in 

Dissolved 
Phase 

Maximum 
Concentration 
After 30 Years

(μg/L) 

Downgradient 
Migration at 

30 Years 
(feet) 

Total Mass 
Remaining in the 

Aquifer After  
30 Years 

(kg) 

Percent of 
Total Mass 
Removed in 

30 Years 

Maximum 
Concentration 

After 100 Years
(μg/L) 

Time for the 
Entire Plume to 
Be Below 5 μg/L

(years) 

Maximum 
Downgradient 

Migration Before the 
Entire Plume Is Below 

5 μg/L 
no action no degradation 94 180 5.0 5 74 > 100 560 feet @ 100 years 

 10-year half-
life 76 180 4.5 14 45 > 100 540 feet @ 100 years 

hydraulic 
containment no degradation 91 0 4.0 23 19 > 100 0 foot @ 100 years 

 10-year half-
life 64 0 3.6 31  10 > 100 0 foot @ 100 years 

Acronyms/Abbreviations: 
IRP – Installation Restoration Program 
kg – kilograms 
µg/L – micrograms per liter 
TCE – trichloroethene 
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Table B-5 
Groundwater Modeling Results for Remediation of 1,1-DCE in Groundwater at IRP-6 

Remedial 
Option 

Degradation Rate 
in Dissolved 

Phase 

Maximum 
Concentration 

After 
30 Years 
(μg/L) 

Downgradient 
Migration at 

30 Years 
(feet) 

Total Mass 
Remaining in the 

Aquifer After  
30 Years 

(kg) 

Percent of 
Total Mass 
Removed in 

30 Years 

Maximum 
Concentration 

After 100 
Years 
(μg/L) 

Time for the 
Entire Plume to 
Be Below 5 μg/L

(years) 

Maximum 
Downgradient Migration 

Before the  
Entire Plume Is  

Below 5 μg/L 
no degradation 59 380 0.38 3 20 > 100 1,050 feet @ 100 years 

no action 
10-year half-life 50 360 0.32 18 11 > 100 950 feet @ 100 years 

Acronyms/Abbreviations: 
DCE – dichloroethene 
IRP – Installation Restoration Program 
kg – kilograms  
µg/L – micrograms per liter 
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1.3.4 Proposed Future Land Use 
Former MCAS Tustin property was judged to be excess to the long-term needs of the 
USMC.  It was therefore decided to transfer the property to other federal agencies and/or 
nonfederal interests for redevelopment and reuse. 

In November 1993, the Navy organized the BCT to manage and coordinate basewide 
cleanup and closure activities for the purpose of expediting land transfer at former MCAS 
Tustin.  DTSC is the lead regulatory agency overseeing environmental restoration at the 
station.  U.S. EPA and the California Regional Water Quality Control Board Santa Ana 
Region (RWQCB) are also participating members of the BCT. 

The City of Tustin has been recognized by the United States Department of Defense as 
the Local Redevelopment Authority (LRA) responsible for reuse planning at former 
MCAS Tustin.  In September 1998, the LRA prepared a Reuse Plan (RP) errata to the RP 
initially developed in 1996, which designates the preferred reuse and transfer mechanism 
for each parcel at the station (City of Tustin  1998).  The RP was approved by the United 
States Department of Housing and Urban Development on 24 March 1998.  The Specific 
Plan (SP) portion of the planning document was adopted by the Tustin City Council in 
2003 to establish zoning for the former MCAS Tustin property (City of Tustin 2003). 

The LRA and USMC prepared a joint federal Environmental Impact Statement (EIS) and 
state Environmental Impact Report (EIR) to address potential environmental issues 
associated with the planned reuse of former MCAS Tustin.  The EIS/EIR was developed in 
accordance with the National Environmental Policy Act and the California Environmental 
Quality Act.  The final EIS/EIR was issued in December 1999 (DON 1999). 

On 14 May 2002, the Navy transferred the majority of former MCAS Tustin property 
(including property surrounding OU-4B sites) under various conveyance documents to 
the City of Tustin.  Additional property within the former housing areas at former MCAS 
Tustin was sold through public sale in early 2003.  Remaining property at the station that is 
under control of the Navy (carve-out areas) includes areas where environmental response is 
under way (Figure 1-3).  These carve-out areas were transferred via separate lease 
documents so that remediation could continue as these areas are redeveloped.  A significant 
amount of redevelopment has already taken place at the former station and is in progress at 
this time of this FS Report.  The carve-out areas are now referred to as “Navy property” at 
former MCAS Tustin. 

As noted in the BRAC Cleanup Plan (SWDIV 1998), the SP is the cornerstone of the 
environmental restoration strategy at former MCAS Tustin.  This strategy included 
designating Navy property where the Navy retained possession to address sites with 
potential or known contamination after the remainder of former MCAS Tustin was 
transferred or sold.  Figure 1-3 shows the Navy property boundaries (carve-out areas) at 
former MCAS Tustin.  Reuse designations at former MCAS Tustin include commercial, 
light industrial, and residential areas; schools and child care facilities; parks; and 
recreational facilities.  Future land use for areas defined as “community core” by the City 
of Tustin may include residential, commercial, and/or other uses identified within the 
approved SP/reuse plan errata. 
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The city’s SP/reuse plan for former MCAS Tustin formed the basis for the HHRA 
completed to support the RI (BNI 1997b).  Future land use was also a key consideration 
throughout this FS Report in the development and analysis of OU-4B remedial 
alternatives.  For areas designated as “community core,” it was assumed that 
remediation would have to be adequate to support residential redevelopment, generally 
considered the most sensitive reuse option. 

1.4 PHYSICAL SETTING AND CLIMATE 
This section describes topographical features and surface water hydrology in the vicinity 
of former MCAS Tustin, as well as the regional climate.  The relationship between 
surface water and groundwater is an important consideration when evaluating potential 
VOC migration pathways in the subsurface.  Regional climate, particularly rainfall, 
evapotranspiration, and net recharge, have a direct bearing on groundwater movement at 
the site.  The information in the following subsections was condensed from the RI Report 
(BNI 1997b). 

1.4.1 Topography 
Former MCAS Tustin is situated at the eastern edge of a broad coastal plain, an 
essentially planar alluvial flatland bounded on the east-northeast by the foothills of the 
Santa Ana Mountains and on the south by the San Joaquin Hills.  The coastal plain slopes 
gently toward the Pacific Ocean in a southwesterly direction.  The topographic 
surroundings of former MCAS Tustin are shown on Figure 1-4. 

The topography at the former station is essentially flat, with a mean elevation of 
approximately 54 feet above mean sea level (MSL).  The ground surface ranges in 
elevation from about 75 feet above MSL at the northwest corner to about 45 feet above 
MSL in the southeast portion of the station, sloping approximately 20 feet per mile. 

1.4.2 Surface Water Hydrology 
Former MCAS Tustin consisted of fairly marshy land before it was first developed in 
1942, with a main drainage channel located in what is now the middle of the station.  The 
station was regraded with backfill, and an extensive surface and subsurface drainage 
system was installed.  The primary drainages surrounding the station include Peters 
Canyon Channel, Santa Ana-Santa Fe Channel, Barranca Channel, and San Joaquin ditch.  
Only Peters Canyon Channel and Barranca Channel receive drainage from the station.  
Peters Canyon Channel, Santa Ana-Santa Fe Channel, and Barranca Channel are still in 
use today.  The San Joaquin ditch and most of its feeder ditches have been filled in with 
gravel and resurfaced as part of commercial development activities in 2007.  This 
included installation of a subsurface culvert system and special construction measures 
used to prevent passage or transmission of contaminated groundwater beyond or down 
the sides of the backfilled trenches.  Surface topography, former and current surface 
water drainage systems and features, and former agricultural areas at and in proximity of 
the former station are shown on Figure 1-5. 
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amendments of the National Toxics Rule (NTR) (60 Fed. Reg. 22228 [1995]).  These 
water quality standards, as amended, are codified at 40 C.F.R. § 131.36. 
U.S. EPA promulgated a rule on 18 May 2000 to fill a gap in California’s water quality 
standards.  The gap was created in 1994 when a state court overturned the state’s basin 
plans that contained water quality criteria for priority toxic pollutants.  The rule, commonly 
called the California Toxics Rule (CTR), is codified at 40 C.F.R. § 131.38.  No discharge 
is proposed to surface water. Therefore, the CTR and NTR are not potential ARARs for 
this remedial action. 

A2.2.1.2 STATE 
This section discusses issues pertinent to potential state ARARs identified for 
groundwater at former MCAS Tustin sites. 

SWRCB Res. 88-63, Adoption of Policy Entitled “Sources of Drinking Water” 

California State Water Resources Control Board (SWRCB) Resolution (Res.) 88-63 
establishes criteria to help RWQCBs identify potential sources of drinking water 
(SWRCB 1988).  According to this resolution, all groundwater in California is considered 
suitable or potentially suitable for domestic or municipal freshwater supply except in 
cases where any one of the following water quality and production criteria is met. 

• TDS exceed 3,000 mg/L (or electrical conductivity is greater than 
5,000 micromhos per centimeter) and the RWQCB does not reasonably expect 
the groundwater to supply a public drinking water system. 

• Groundwater is contaminated, either by natural processes or by human activity 
unrelated to a specific pollution incident, and cannot reasonably be treated for 
domestic use either by best management practices (BMPs) or best economically 
available treatment practices. 

• The groundwater does not provide sufficient water to supply a single well 
capable of producing an average sustained yield of 200 gallons per day. 

SWRCB Res. No. 88-63 has been incorporated by reference into the Basin Plan 
(RWQCB 2008).  The DON has determined that the substantive provisions of this policy 
are potential state ARARs for this FS Report. 

The DON finds that groundwater in the first and second WBZs beneath former MCAS 
Tustin may not be suitable as a drinking water source because some of the detected TDS 
concentrations are above 3,000 mg/L.  However, because some of the concentrations 
were below 3,000 mg/L and because the shallow groundwater system may have some 
connection to the underlying regional aquifer, the groundwater is considered a potential 
drinking water source. 

Comprehensive Water Quality Control Plan for Santa Ana River Basin 

The DON accepts the substantive provisions in Chapters 2 through 4 of the Basin Plan 
for the Santa Ana River Basin (RWQCB 2008), including beneficial use, WQOs, and 
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waste discharge requirements, as potential ARARs for OU-4B remedial action.  The uses 
designated for the Santa Ana River Basin are potential ARARs for this FS Report. 

The Basin Plan was prepared and implemented by the RWQCB, Santa Ana Region to 
protect and enhance the quality of the waters in the Santa Ana River Basin.  The Basin Plan 
establishes location-specific beneficial uses and WQOs for the groundwater of the region 
and is the basis of the RWQCB, Santa Ana Region regulatory programs.  It also includes 
both numeric and narrative WQOs for specific groundwater subbasins.  The WQOs are 
intended to protect the beneficial uses of the waters of the region and prevent nuisance. 

Beneficial uses and reuse of water are key aspects of the Basin Plan for the Santa Ana 
River Basin.  Former MCAS Tustin is located in the Irvine Groundwater Management 
Zone.  Groundwater of the Irvine Groundwater Management Zone, including the regional 
aquifer underlying former MCAS Tustin, has the following beneficial use designations 
(RWQCB 2008): 

• municipal and domestic supply (including drinking water supply) 

• agricultural supply 

• industrial service supply 

• industrial process supply 

Currently, only groundwater in the Irvine Groundwater Management Zone lying below a 
depth of approximately 40 feet below mean sea level (MSL) is used or likely to be used 
for drinking water supply or the other assigned beneficial uses. 

The Basin Plan does not specifically designate beneficial uses and WQOs for the shallow 
aquifer in the vicinity of former MCAS Tustin.  Shallow groundwater is distinct from the 
regional aquifer (Irvine Groundwater Management Zone) and would not support the same 
beneficial uses because of its poorer water quality.  The shallow groundwater system 
appears to be effectively hydraulically separated from the deeper Irvine Groundwater 
Management Zone (regional aquifer) by a laterally extensive clay horizon that effectively 
restricts flow between the two groundwater regimes.  Shallow groundwater at former 
MCAS Tustin typically contains much higher levels of TDS and other inorganic 
constituents than does the Irvine Groundwater Management Zone and could not be used 
for most beneficial uses without treatment.  Moreover, because yields from the shallow 
groundwater system are relatively very low compared to the underlying regional aquifer, 
it is unlikely to be regarded as a potential target for development of water supplies. 

Although the Basin Plan does not differentiate groundwater beneficial uses on the basis 
of depth, the DON believes that the shallow groundwater (the first three WBZs) that 
overlays the regional aquifer is not effectively hydraulically connected to the regional 
aquifer.  The shallow groundwater is also chemically different from the regional aquifer 
in a manner that would classify it as unsuitable as a potential source of drinking water 
according to state and federal water quality criteria (see Section 2.4).  Therefore, 
location-specific beneficial-use designations and WQOs may differ between the upper 
WBZs and the Irvine Groundwater Management Zone.  The WQOs for the Irvine 
Groundwater Management Zone, as presented in the Basin Plan, are applicable 
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requirements for remediation of OU-4B groundwater in the regional aquifer.  These 
objectives can also be of use in defining groundwater contamination and identifying 
potential remediation goals for the shallow groundwater at former MCAS Tustin.  While 
the Basin Plan does not provide numerical WQOs for the OU-4B COCs, it does include 
the following narrative objective for toxic substances, which is potentially applicable. 

All of the waters of the region shall be maintained free of substances in 
concentrations which are toxic to, or that produce detrimental physiological 
responses in human, plant, animal or aquatic life. 

This narrative objective for toxic substances would be satisfied when VOC 
concentrations in OU-4B groundwater are below health-based or environmentally-based 
criteria (i.e., below the thresholds at which toxic or detrimental physiological responses 
in humans or environmental receptors would be expected to occur). 

California Drinking Water Standards 

Primary and secondary state MCLs are set forth in Cal. Code Regs. tit. 22, as follows: 
• § 64431 (MCLs – Inorganic Chemicals) 

• § 64444 (MCLs – Organic Chemicals) 

• § 64449(a) (Secondary MCLs) 

The DON has determined that the substantive provisions for organic compounds at Cal. 
Code Regs. tit. 22, § 64444 for TCE and 1,1-DCE, are the only regulation requirements 
of the section potentially relevant to remedial action proposed for OU-4B groundwater 
(Table A2-3).  The state MCL for TCE is not a potential ARAR for this remedial action 
because it is the same as the federal MCL and, therefore, not more stringent. The state 
MCL for 1,1-DCE is more stringent than the federal MCL and is therefore determined to 
be a potential state ARAR for the potential drinking water at OU-4B. 

Secondary state MCLs are applicable at the tap and are not potentially applicable ARARs 
for groundwater remediation.  They are potentially relevant and appropriate for 
remediation of groundwater that is a potential source of drinking water (i.e., the regional 
aquifer).  Secondary MCLs are not ARARs for the remedial action proposed in this FS 
Report because secondary MCLs have not been established for TCE or 1,1-DCE, the only 
COCs for OU-4B groundwater. 

Porter-Cologne Water Quality Control Act 

The Porter-Cologne Water Quality Control Act (Porter-Cologne Act) became Division 7 
of the California Water Code (Cal. Water Code) in 1969.  The Porter-Cologne Act 
requires each regional board to formulate and adopt basin plans for all areas within the 
region (Cal. Water Code § 13240).  It also requires each regional board to establish 
WQOs that will protect the beneficial uses of the water basin (Cal. Water Code § 13241) 
and to prescribe waste discharge requirements that would implement the basin plan for 
any discharge of waste to the waters of the state (Cal. Water Code § 13263[a]). 
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1.7 CONCEPTUAL SITE MODEL 
The following section provides information on each of the three low and three medium 
concentration sites to support development of conceptual site models.  The information is 
contained in Table 1-1.  Table 1-2 includes information specific to each OU-4B site 
including past, present, and future land use/surface conditions; hydrogeology, 
contaminant release mechanisms; nature and extent of contamination; contaminant fate 
and transport/groundwater modeling; risk assessment; and site summary.  Figure 1-12 
illustrates the conceptual site model flowchart.  Site backgrounds and detailed discussions 
of investigation results for these sites are provided in documents listed above in Section 1, 
Introduction. 

Conceptual site model summaries are summarized below. 

• IRP-11 Drum Storage Area No. 1.  Based on the site-specific information 
presented in Table 1-2 and shown on Figure 1-13, the COC at the site is TCE in 
first-WBZ groundwater.  The mass of TCE in the first WBZ is estimated to be 
approximately 0.12 kilogram.  Primary release sources included drums of 
chemicals and various fluids, with spills and leaks occurring as the fugitive 
mechanism.  Primary release mechanisms to the environment are assumed to 
have included infiltration and percolation through the unsaturated zone to the 
groundwater table.  No secondary sources or release mechanisms are known to 
exist.  The exposure medium is groundwater and the complete exposure 
pathways include ingestion, inhalation of groundwater vapors (directly and via 
vapor intrusion), and dermal contact.  Human receptors include the construction 
worker, industrial worker, and hypothetical future resident.  However, the site is 
vacant and there are currently no direct exposure pathways. 

• IRP-13W Drum Storage Area No. 3.  Based on the site-specific information 
presented in Table 1-2 and shown on Figure 1-14, the COC at the site is TCE in 
first-WBZ groundwater.  The mass of TCE in the first WBZ is estimated to be 
approximately 0.71 kilogram.  Primary release sources included drums of 
chemicals and various fluids, with spills and leaks occurring as the fugitive 
mechanism.  Primary release mechanisms to the environment are assumed to 
have included infiltration and percolation through the unsaturated zone to the 
groundwater table.  No secondary sources or release mechanisms are known to 
exist.  The exposure medium is groundwater and the complete exposure 
pathways include ingestion, inhalation of groundwater vapors (directly and via 
vapor intrusion), and dermal contact.  Human receptors include the construction 
worker, industrial worker, and hypothetical future resident.  However, the site is 
vacant and there are currently no direct exposure pathways.   

• MMS-04 Auto Hobby Shop.  Based on the site-specific information presented 
in Table 1-2 and shown on Figure 1-15, the COC at the site is TCE in first-WBZ 
groundwater.  The mass of TCE in the first WBZ is assumed to be 
approximately 0.03 kilogram.  Primary release sources included a former waste 
oil underground storage tank (UST) and oil/water separator, with spills and leaks 
occurring as the fugitive mechanism.  Primary release mechanisms to the 
environment are assumed to have included infiltration and percolation through 
the unsaturated zone to the groundwater table.  No secondary sources or release 

alisaseneor
Rectangle

alisaseneor
Stamp

alisaseneor
Line



CLEAN 3 
BEI-7526-0062-0219  
September 2008 

Section 1   Introduction 

page 1-24 Draft Final Feasibility Study Report – Operable Unit 4B, Former MCAS Tustin 
9/9/2008 2:03:09 PM sam l:\word_processing\reports\cto062\ou-4b fs\draft final\admin records\pdf file\2008058a.doc 

mechanisms are known to exist.  The exposure medium is groundwater and the 
complete exposure pathways include ingestion, inhalation of groundwater 
vapors (directly and via vapor intrusion), and dermal contact.  Human receptors 
include the construction worker, industrial worker, and hypothetical future 
resident.  However, the site is vacant and there are currently no direct exposure 
pathways.   

• IRP-5S(a) Drainage Area No. 1 – Ditch 5a South.  Based on the site-specific 
information presented in Table 1-2 and shown on Figure 1-10, the COC at the 
site is TCE in first-WBZ groundwater.  The mass of TCE in the first WBZ is 
assumed to be approximately 5 kilograms.  Primary release sources included 
drainage of fuels, oils, lubricants, and solvents through building floor drains, 
with a connected culvert system occurring as the fugitive mechanism.  Primary 
release mechanisms to the environment are assumed to have included infiltration 
and percolation through the unsaturated zone to the surficial groundwater table.  
No secondary sources or release mechanisms are known to exist.  The exposure 
medium is groundwater and the complete exposure pathways include ingestion, 
inhalation of groundwater vapors (directly and via vapor intrusion), and dermal 
contact.  Human receptors include the construction worker, industrial worker, 
and hypothetical future resident.  The southern portion of IRP-5S(a) is currently 
being redeveloped for commercial business uses. 

• IRP-6 – Paint Locker and Drum Storage Area.  Based on the site-specific 
information presented in Table 1-2 and shown on Figure 1-11, COCs at the site 
are 1,1-DCE and TCE in first-WBZ groundwater.  The masses of 1,1-DCE and 
TCE in the first WBZ are estimated to be approximately 0.41 and 
0.089 kilogram, respectively.  Primary release sources included possible spills, 
leaks, or unauthorized dumping at the paint lock and drum storage area, and/or 
the Building 250/loading dock area at the site.  Primary release mechanisms to 
the environment are assumed to have included infiltration and percolation 
through the unsaturated zone to the groundwater table.  No secondary sources or 
release mechanisms exist.  The exposure medium is groundwater and the 
complete exposure pathways include ingestion, inhalation of groundwater 
vapors (directly and via vapor intrusion), and dermal contact.  For the inhalation 
pathway, human receptors include the construction worker, industrial worker, 
and hypothetical future resident.  However, the site has been recently 
redeveloped and now contains strip malls, big-box stores, parking lots with 
minor landscaping, a gas station, and streets.  Future residential land use is 
unlikely. 

• Mingled Plumes Area.  Based on the site-specific information presented in 
Table 1-2 and shown on Figure 1-9, the COC at the site is TCE in first and second 
WBZs.  The masses of TCE in the first and second WBZs are estimated to be 
6.7 and 2.2 kilograms, respectively.  Primary release sources included AOCs that 
stored fuels, oils, and solvents, with spillage and leaks as well as collapsed sewer 
lines, as the fugitive mechanism.  Primary release mechanisms to the environment 
are assumed to have included infiltration and percolation through the unsaturated 
zone to the groundwater table.  No secondary sources or release mechanisms are 
known to exist.  The exposure medium is groundwater and the complete exposure 
pathways include ingestion, inhalation of groundwater vapors (directly and via 
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vapor intrusion), and dermal contact.  For the inhalation pathway, human 
receptors include the construction worker, industrial worker, and hypothetical 
future resident.  However, the site is vacant and there are currently no direct 
exposure pathways.   

1.8 HUMAN HEALTH RISK ASSESSMENT 
OU-4B sites, as well as other sites and AOCs at former MCAS Tustin, were initially 
investigated during the ESI (BNI 1996), the RFA (BNI 1997a), and the RI for OU-1 and 
OU-2 (BNI 1997b).  Screening-level or baseline HHRAs performed at that time 
determined that risks from soil at the OU-4B sites were acceptable, or were generally 
acceptable based on site-specific factors.  In these assessments, risk drivers in soil were 
found to be either metals at concentrations consistent with background or infrequently 
reported PAHs.  On this basis, the Navy and their BCT regulatory partners determined 
that soil at OU-4B sites required NFA, and that groundwater would require further 
evaluation and action. 

During the OU-4 shallow groundwater investigation in 2003, HHRAs were conducted for 
the low concentration sites IRP-11, IRP-13W, and MMS-04, and moderate concentration 
sites IRP-5S(a) and the MPA; these assessments assumed beneficial use of groundwater 
(BEI 2004a).  U.S. EPA and Cal/EPA risks that exceeded the risk management range at 
all these sites were associated with the domestic groundwater use pathway, and were 
driven primarily by TCE in groundwater.  An HHRA was not conducted for IRP-6 since 
this site was not included in the OU-4 investigation (BEI 2004a).  However, groundwater 
risk at IRP-6, determined during the ESI (BNI 1996), exceeded the NCP risk 
management range, driven by the presence of 1,1-DCE in groundwater. 

HHRAs conducted for OU-4B sites in this FS assumed no beneficial use of groundwater 
under a future residential land-use scenario.  The purpose for assuming no beneficial 
groundwater use was to quantify potential risks at OU-4B sites associated with the vapor 
intrusion to indoor air exposure pathway; these risk assessments are intended to assist the 
Navy and the regulatory agencies in risk management decision-making.  The no 
beneficial groundwater use assumption represents a reasonable approach, given that 
shallow groundwater at former MCAS Tustin is of poor quality and yield and is unlikely 
to be used as a future domestic supply source. 

1.8.1 Risk Results for Beneficial Use of Groundwater 
The total and incremental U.S. EPA and Cal/EPA residential cancer risks and noncancer 
hazard indices (HIs) assuming beneficial use of groundwater, as determined in the OU-4 
shallow groundwater investigation (BEI 2004a), are shown in Table 1-3.  The total cancer 
risks are based on all COPCs, including metals in soil, that were considered to be 
naturally occurring and within background concentrations.  Incremental cancer risk was 
estimated by subtracting background risks from total risk.   

The exposure pathways included direct contact with soil (ingestion, dermal contact, and 
inhalation of dust and vapors), ingestion of groundwater, and inhalation of vapors in 
indoor air from showering, and dermal contact with groundwater while showering.  The 
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Table 1-1 
Conceptual Site Model – Elements Common to All OU-4B Sites 

Common Elements Description 

Former Site Land Use • Former MCAS Tustin served as a major center for USMC helicopter aviation 
on the Pacific Coast.  The station was specifically tasked with providing 
operational training facilities for the USMC. 

• More than 200 buildings and structures, a 3,000-foot-long runway, aircraft 
parking aprons, two blimp hangars, and numerous aircraft maintenance shops 
were built to support the station’s mission.  Military housing occupies all but 
530 acres of the 1,600-acre facility.  Much of the undeveloped land was 
previously leased for agriculture, which ended in 2000. 

• Hazardous waste generated at the station included solvents, jet fuel, hydraulic 
fluid, antifreeze, paint thinner, and aerosol paints.  Prior to hazardous waste 
regulations and procedures implemented by the USMC, some wastes were 
stored on and accidentally released directly to soil.  Beginning in the mid-
1980s, the former station segregated these types of wastes for disposal in 
permitted hazardous waste management facilities. 

Current Site Land Use • Former MCAS Tustin ceased active military operations in July 1999 and 
closed in accordance with the Base Closure and Realignment Act. 

• On 14 May 2002, the Navy transferred the majority of former MCAS Tustin 
property, including the property surrounding OU-4B sites, under various 
conveyance documents to the City of Tustin.  

• Remaining property at the station that is under control of the Navy (carve-out 
areas) includes areas where environmental investigations are ongoing or 
cleanup has yet to be initiated or is underway (OU-4B sites). 

Site Geology • Approximately 1,300 feet of unconsolidated sediment was deposited in the 
vicinity of the station from the Santa Ana Mountains to the northeast.  
Sediments include the following: 
– Quaternary floodplain deposits approximately 0 to 150 feet bgs 

consisting of massive silt, clayey silt, clay, and silty clay with laterally 
discontinuous interbedded lenses of sand and gravel; 

– Pleistocene stream terrace and alluvial deposits approximately 150 to 
300 feet bgs; and 

– Pleistocene sand, gravel, silt, and clay of the San Pedro Formation from 
approximately 300 to 1,300 feet bgs. 

• Although laterally discontinuous, coarser-grained fluvial lens within the finer 
grained sediments serve as horizontal preferential flow pathways.  Vertical 
preferential pathways are very limited due to the massive silt and clay present 
from 0 to 150 feet bgs.  

• Porosities of the different lithologies identified at former MCAS Tustin are 
as follows: 
– Clay:  30–60% 
– Silt:  20–40% 
– Gravel:  10–20% 
– Sand:  5–10% 
– Sand with gravel:  2–5% 
– Effective porosity used for the groundwater flow and transport model 

is 0.25 
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Table 1-1 (continued) 

Common Elements Description 

Site Hydrogeology • Former MCAS Tustin lies near the center of the regional aquifer, the Irvine 
Pressure Subbasin.  The regional aquifer is an extensive, well-developed 
water-bearing sand zone at approximately 90 to 150 feet bgs (between 40 feet 
below MSL to 100 feet below MSL in the vicinity of the station).  It is 
classified as a Class II aquifer and is the primary source of municipal 
drinking and irrigation water (U.S. EPA 1986, RWQCB 1995) (Figure 1-6). 

• Local recharge to shallow groundwater includes infiltration of rainfall and 
irrigation water.  Regional recharge occurs to the northeast in the Forebay 
Area at the fringes of the Subbasin where alluvial sediments overlie 
essentially non-water-bearing, consolidated sedimentary, metasedimentary, 
and igneous bedrock of the San Joaquin Hills and the foothills of the 
Santa Ana Mountains.  Artificial recharge along portions of the Santa Ana 
River may also contribute water to the deeper portions of shallow 
groundwater (BNI 1997b). 

• Twenty-eight production wells have been identified in the regional aquifer 
within a 3.5-mile radius of former MCAS Tustin, most screened between 
200 feet below MSL to 300 feet below MSL (BNI 1997b).  The closest 
potable water supply well, operated by the City of Tustin, is located 1.5 miles 
north (upgradient) of the station.  There are six agricultural water supply 
wells within 1 mile of the former MCAS Tustin perimeter. 

• Three WBZs have been identified at the station with a combined thickness 
of approximately 90 to 100 feet.  All three WBZs are confined.  The first 
WBZ effectively consists of three layers.  Layer one is an upper confining 
silty clay layer approximately 10 to 15 feet thick.  Layer two is a 5- to 
10-foot-thick silty sand layer, which is the preferential flow path with 
hydraulic conductivity of 25 feet per day identified in the table below as 
the first WBZ.  Beneath this hydraulically conductive layer lies another 
silty clay layer, approximately 10 to 20 feet thick.  Field data indicate that 
the first and second WBZs are hydraulically connected in some locations at 
the station.  The third WBZ appears to be hydraulically separated from the 
second WBZ across most of the station.  The third WBZ is underlain by a 10- 
to 30-foot-thick continuous stiff clay aquitard isolating the third WBZ from the 
regional aquifer below.  Properties of each WBZ are described below. 

 Confinement

Approximate 
Thickness 

(feet) 

Approximate 
Depth Range 

(feet bgs) 

Hydraulic 
Conductivity 

(ft/day) 
Vertical 
Gradient 

First WBZ confined 25 to 35 10 to 45 25 downward 
Second 
WBZ confined 20 to 50 25 to 55 30 downward 
Third WBZ confined 20 to 50 60 to 100 * * 

Note: 
* because TCE/DCE is not present in the third WBZ, and it is hydraulically 

isolated from the upper two WBZs, it was not modeled and, therefore, 
this parameter was not calculated 

Acronyms/Abbreviations: 
bgs – below ground surface 
DCE – dichloroethene 
ft/day – feet per day 
TCE – trichloroethene 
WBZ – water-bearing zone 
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Table 1-1 (continued) 

Common Elements Description 

Site Hydrogeology 
(continued) 

Boundaries between the WBZs vary from location to location at the station, 
reflecting the highly irregular lateral and vertical distribution of coarse-
grained fluvial materials (sand, silty sand, and gravels) interbedded within 
the silt and clay.  In general, each WBZ contains some fine-grained 
sediments (clay, silt, or sandy clay).  Subsurface studies indicate that coarse-
grained materials may be absent from a specific WBZ at some locations, 
while relatively thick sequences of permeable fluvial channel deposits can 
overlap WBZs elsewhere.  Vertical hydraulic conductivity (anisotropy) was 
calculated to be one-tenth of the horizontal hydraulic conductivity. 

Site Contaminants • COCs reported in groundwater include aqueous-phase TCE at all 
IRP sites and 1,1-DCE at IRP-6. 

• The maximum reported concentration of TCE was 193 µg/L at IRP-5S(a) 
in 2005.  

• The maximum reported concentration of 1,1-DCE was 470 µg/L at IRP-6 
in 1999. 

Fate and Transport of 
COCs 

The OU-4B groundwater system is essentially aerobic.  It is probable that 
biodegradation of TCE and DCE is occurring cometabolically; that is, aerobes 
which are metabolizing other electron donors present are coincidentally degrading 
TCE and DCE.  An abundance of sulfur in groundwater is competing with TCE 
and DCE as an electron donor.  Sulfur is more easily biodegraded than chlorinated 
ethenes.  As a result, microbes choose sulfur before TCE/DCE as their energy 
source. 
Based on COC concentration trends and migration of the COC plumes since 
monitoring began in 1999, retardation due to sorbtion onto aquifer materials 
appears to be much more significant than previously evaluated.  Previous 
modeling used a retardation factor of 2 for TCE.  A retardation factor of 20 for 
TCE and 12.5 for DCE was used for the most recent groundwater modeling.   

Acronyms/Abbreviations: 
bgs – below ground surface 
COC – chemical of concern 
DCE – dichloroethene 
IRP – Installation Restoration Program 
µg/L – micrograms per liter 
MCAS – Marine Corps Air Station 
MSL – mean sea level 
OU – operable unit 
TCE – trichloroethene 
USMC – United States Marine Corps  
WBZ – water-bearing zone 
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Table 1-2 
Conceptual Site Model – Site-Specific Elements 

Site-Specific Elements Description 

IRP-11 – DRUM STORAGE AREA NO. 1 
Past, Present, and Future  Land 
Use/Surface Conditions 

• Consists of vacant MCAS property and nearby vacant buildings, 
including former blimp hangar #1 (Building 28). 

• Unpaved from 1975 to 1984, then paved. 
• Site formerly was a 170- by 143-foot fenced storage area. 
• Currently no waste materials are present at IRP-11 and there is no 

change from past usage. 
• Planned future use as part of urban regional park. 

Hydrogeology • First WBZ under semiconfined to confined conditions; second and 
third WBZs under confined conditions. 

• Average depth to groundwater is approximately 8 to 10 feet bgs. 
• Local groundwater gradient is to the south. 
• Hydraulic conductivity in the first WBZ is 25 feet per day. 

Contaminant Release Information • Up to 400 drums containing hydraulic fluids, crankcase oils, 
solvents, and aviation parts were stored from 1975 to 1984. 

• 55-gallon drums were reportedly stored directly on soil before the 
site was paved and fenced in June 1984. 

• 1,980 gallons of fluids may have leaked during the 9-year storage 
period. 

• Site was also used for vehicle storage. 

Nature and Extent of 
Contamination 

• Only COC is aqueous-phase TCE in groundwater in the first WBZ 
only. 

• TCE concentrations have decreased over time with 15 μg/L 
reported in 1996 to 8.5 µg/L reported during the 2003 sampling 
event. 

• Approximate areal extent of groundwater impacted above TCE 
MCL (5 µg/L) is 190 by 50 feet trending north-south. 

• Approximate mass of the TCE plume based on the groundwater 
model is 0.12 kilogram. 

• Groundwater has not been sampled since 2003. 
• No monitoring wells are present (groundwater data are from direct-

push grab samples only). 

Contaminant Fate and 
Transport/Groundwater Modeling 

• FS groundwater modeling indicated estimated maximum 
downgradient migration of VOCs in groundwater within the 
saturated zone would be less than 150 feet and would require less 
than 24 years to reach 5 μg/L under the baseline scenario (without 
degradation). 

• Over a 30-year period under the baseline scenario and an assumed 
aqueous TCE half-life of 10 years, the IRP-11 plume shows 
complete degradation for the scenario of the aqueous TCE half-life 
at 18 years. 
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Table 1-2 (continued) 

Site-Specific Elements Description 

Risk Assessment • Risk from soil contaminants evaluated in the ESI (BNI 1996) was 
determined to be acceptable and requiring no further action. 

• Residential risk under a beneficial groundwater use scenario was 
evaluated in 2003 (BEI 2004a).  U.S. EPA total cancer risk (soil and 
groundwater) was 2.9E-04; Cal/EPA total cancer risk was 6.8E-06; 
risk was driven by TCE in groundwater, assuming domestic use. 

• Additional risk assessment information developed in this FS for 
IRP-11 is presented in Section 1.8. 

IRP-13W – DRUM STORAGE AREA NO. 3 
Past, Present, and Future Land 
Use/Surface Conditions 

• Formerly unpaved, currently paved. 
• Past and current land use consists of vacant MCAS property (field). 
• Future land use is anticipated to be mainly community park.  A 

small area of the north portion of the site is designated for 
residential use. 

• Two former disposal areas at site; one southeast of former 
Building 98 (demolished), and one area west of Building 16. 

• One UST formerly located west of Building 16. 
• A non-time-critical removal action for soil was conducted in 1997 

to excavate shallow soil contamination (OHM 1999).  The 
excavated area was 240 by 100 feet to approximately 2 feet bgs. 

Hydrogeology • First WBZ under semiconfined to confined conditions; second and 
third WBZs under confined conditions. 

• Average depth to groundwater is approximately 12 to 13 feet bgs. 
• Local groundwater gradient is to the south. 
• Hydraulic conductivity in the first WBZ is approximately 25 feet 

per day. 

Contaminant Release Information • Approximately 2,640 gallons of liquid waste disposed on ground 
surface in area southeast of Building 98. 

• Wastes used include hydraulic fluid, diesel fuel, leaded gasoline, 
paint stripper, battery acid, and solvents. 

• West of Building 16, solvents used to wash the building floor were 
allowed to drain along the outside edge of the building. 

• Currently no waste materials are present at IRP-13W. 

Nature and Extent of 
Contamination 

• Only COC is aqueous-phase TCE in groundwater in the first WBZ 
only. 

• TCE concentrations have decreased from 25 µg/L in 1996 to 
16 µg/L in 2003. 

• Approximate area of groundwater impacted above TCE MCL 
(5 µg/L) is 270 by 150 feet trending northeast-southwest. 

• Approximate mass of TCE based on the groundwater model is 
0.71 kilogram. 

• Southern downgradient portion of plume is comingled with 
northern upgradient portion of a 1,2,3-TCP plume from IRP-13S 
(Figure 1-14). 

• Groundwater has not been sampled since 2003. 
• No monitoring wells are present (groundwater data is HydroPunch 

only). 
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Table 1-2 (continued) 

Site-Specific Elements Description 

Contaminant Fate and 
Transport/Groundwater Modeling 

• FS groundwater modeling assumed that the OU-1A remediation 
system would be in operation.   

• Plume migration is enhanced due to the OU-1A system operation; 
however, IRP-13W is completely contained within the OU-1A 
system capture-zone. 

• TCE concentrations within the plume reduced to 5 μg/L (the MCL 
for TCE) in approximately 36 years (excluding degradation). 

• Maximum TCE concentration is expected to be 6 μg/L in 30 years. 

Risk Assessment for IRP-13W • The 1997 RI Report (BNI 1997b) recommended no further action 
for soil after completion of a non-time-critical removal action (soil 
removal). 

• Results for soil confirmation sampling after the non-time-critical 
removal action were below U.S. EPA PRGs; the final closure report 
recommended no further action for soil at IRP-13W (OHM 1999). 

• Residential risk under a beneficial groundwater use scenario was 
evaluated in 2003 (BEI 2004a).  U.S. EPA total cancer risk (soil and 
groundwater) was 4.6E-04; Cal/EPA total cancer risk was 8.8E-05; 
risk was primarily driven by TCE in groundwater, assuming 
domestic use; 1,2,3-TCP was also a contributor to risk, but is not 
sourced from IRP-13W, thus is not a COC for this FS.  

• Additional risk assessment information developed in this FS for 
IRP-13W is presented in Section 1.8. 

MMS-04 AUTO HOBBY SHOP 
Past, Present, and Future Land 
Use/Surface Conditions 

• Site formerly consisted of three areas of potential concern adjacent 
to Building 185 (A to C), A and C closed NFA in ROD/RAP for 
OU-4A. 

• Unpaved from 1969 to 1983, paved thereafter. 
• Past and current use consists of vacant MCAS property and nearby 

vacant buildings. 
• Future use is anticipated to be part of a Sheriff’s Department Law 

Enforcement Training Facility. 
• Waste oil UST 185 removed in 1993. 
• Oil-water separator present (TOW-18-2) adjacent to Area B 

(Figure 1-15). 

Hydrogeology • First WBZ under semiconfined to confined conditions; second and 
third WBZs under confined conditions. 

• Average depth to groundwater is approximately 8 to 10 feet bgs. 
• Local groundwater gradient is south. 
• Hydraulic conductivity in the first WBZ is approximately 25 feet 

per day. 

Contaminant Release Information • UST 185 periodically overflowed onto unpaved ground until 1983 
when the site was paved. 

• Approximately 50 gallons of waste oil may have been released 
from UST 185. 
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Table 1-2 (continued) 

Site-Specific Elements Description 

Nature and Extent of 
Contamination 

• COC is aqueous-phase TCE in the first WBZ only. 
• MTBE is being addressed under a petroleum corrective action. 
• TCE concentrations have decreased from 18 µg/L in 1996 to 

7.4 µg/L in 2003. 
• Approximate area of groundwater impacted by TCE above its MCL 

is 20 by 12 feet trending northeast-southwest. 
• Approximate mass of TCE based on the groundwater model is 

0.026 kilogram. 
• Groundwater has not been sampled since 2003. 
• No monitoring wells are present (groundwater data are HydroPunch 

only). 

Contaminant Fate and 
Transport/Groundwater Modeling 

• Groundwater modeling assumed that the OU-1A remediation 
system would be in operation; MMS-04 is completely contained 
within the OU-1A system capture-zone. 

• Contaminant fate and transport within the saturated zone at 
MMS-04 would be less than 20 feet and would require less than 
3 years for concentrations of TCE to diminish to below 5 μg/L. 

Risk Assessment for MMS-04 • Risk from soil contaminants evaluated in the ESI (BNI 1996) was 
determined to be acceptable and requiring no further action. 

• Residential risk under a beneficial groundwater use scenario was 
evaluated in 2003 (BEI 2004a).  U.S. EPA total cancer risk ( soil 
and groundwater) was 6.6E-04; Cal/EPA total cancer risk was 
6.1E-05; risk was driven by TCE in groundwater, assuming 
domestic use. 

• Additional risk assessment information developed in this FS for 
MMS-04 is presented in Section 1.8. 

IRP-5S(a) – DRAINAGE AREA NO. 1 – DITCH 5A SOUTH 
Past, Present, and Future Land 
Use/Surface Conditions 

• Site is currently open and partially grass-covered. 
• Current and future use – redevelopment in progress for commercial 

retail, transportation corridor (streets), and light industrial at the 
southern half of the site.  The northern half of the site is designated 
as residential core. 

• Site encompasses approximately 2 acres (Figure 1-10) and forms 
part of a culvert system that collects surface water runoff from most 
of the northwestern portion of the former station and makes 
connections with several buildings. 

• The San Joaquin ditch south of the site, including its feeder ditches, 
were filled in with gravel and resurfaced for commercial 
development in 2007. 

Hydrogeology • First WBZ under semiconfined to confined conditions; second and 
third WBZs under confined conditions. 

• Depth to groundwater ranged from 5 to 11 feet bgs in 2007 
(ECS 2007). 

• Local groundwater gradient is to the south. 
• Hydraulic conductivity in the first WBZ is approximately 25 feet 

per day. 
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Table 1-2 (continued) 

Site-Specific Elements Description 

Contaminant Release Information • Fuels, oils, lubricants, and solvents may have drained into 
IRP-5S(a) through building floor drains connected to the culvert 
system. 

• Site also received runoff from other areas of the station, including 
IRP sites. 

Nature and Extent of 
Contamination 

• The COC is aqueous-phase TCE in the first WBZ only. 
• The greatest concentration of TCE was reported at 193 µg/L from 

monitoring well I005-MW5S in March 2005 (ECS 2006)  
(Figure 1-10). 

• Approximate area of groundwater impacted by TCE above its MCL 
is 850 by 330 feet trending north to south. 

• Approximate mass of the TCE plume based on the groundwater 
model is 5.0 kilogram. 

Contaminant Fate and 
Transport/Groundwater Modeling 

• FS baseline modeling results at IRP-5S(a) showed approximately 
180 feet downgradient plume migration after 30 years.   

• Modeling also showed that hydraulic control of the plume would be 
effective. 

Risk Assessments • Risk from soil to recreational receptors was determined to be 
acceptable in the OUs 1 and 2 RI (BNI 1997b). 

• Risk from soil to future residents was determined to be generally 
acceptable in the draft OU-4 Focused FS (BNI 2000b).  

• Residential risk under a beneficial groundwater use scenario was 
evaluated in 2003 (BEI 2004a).  U.S. EPA total cancer risk (soil 
and groundwater) was 1.1E-03; Cal/EPA total cancer risk was 
1.5E-04; risk was driven by TCE in groundwater, assuming 
domestic use.  Risk from soil to future residents was again 
determined to be in the generally acceptable range. 

• Additional risk assessment information developed in this FS for 
IRP-5S(a) is presented in Section 1.8. 

IRP-6 – PAINT LOCKER AND DRUM STORAGE AREA 
Past, Present, Future Land 
Use/Surface Conditions 

• IRP-6 was used as a paint locker and drum storage area from 1972 
to 1981. 

• Site contained  paved and unpaved areas; on-site Building 250 
(receiving/distribution supply) was demolished in 2005. 

• Current and future land use includes redevelopment as commercial 
retail, including strip malls, big-box stores, parking lots with minor 
landscaping, gas station, and streets. 

Hydrogeology • First WBZ under semiconfined to confined conditions; second and 
third WBZs under confined conditions. 

• Depth to groundwater ranges from 6 to 9 feet bgs. 
• Local groundwater gradient is to the south-southwest. 
• Hydraulic conductivity in the first WBZ is 25 feet per day. 
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Table 1-2 (continued) 

Site-Specific Elements Description 

Contaminant Release Information • Based on former site use as (former paint locker and drum storage 
area; AST locations; Building 250 used for station 
supply/distribution), leaks, spills, or unauthorized dumping could 
have occurred on-site. 

• 53 gallons of waste was estimated to be potentially released to soil, 
based on an average of 100 drums stored at the site at any given time. 

Nature and Extent of 
Contamination 

• COCs include aqueous phase 1,1-DCE and TCE in the first WBZ 
only. 

• 1,1-DCE and TCE concentrations at the main 1,1-DCE plume are 
currently as high as 179 µg/L and 12 µg/L, respectively, based on 
monitoring well data collected from 2006 to present. 

• Approximate area of impacted groundwater at the main 1,1-DCE 
plume above its MCL (6 µg/L) is 230 by 70 feet trending north to 
south (Figure 1-11). 

• Approximate area of TCE above its MCL (5 µg/L) at the main 
1,1-DCE plume is 120 by 50 feet trending north to south  
(Figure 1-11). 

• Approximate mass of 1,1-DCE and TCE based on the groundwater 
model is 0.41 and 0.089 kilogram respectively. 

• Based on HydroPunch sampling, a suspected area of 1-1-DCE 
contamination may be potentially present southeast of the main 
1,1-DCE plume and northwest of Jamboree Road; however, 
HydroPunch samples are apparently biased by sediment turbidity, 
and results from temporary and permanent wells at the same area 
show much lower to nondetect results. (BEI 2008). 

Contaminant Fate and 
Transport/Groundwater Modeling 

• FS baseline groundwater modeling showed downgradient migration 
of approximately 380 feet after 30 years with a maximum 
concentration after 30 years of 59 μg/L. 

• Modeling also showed that hydraulic control of the plume would be 
effective. 

Risk Assessment • Risk from soil contaminants evaluated in the ESI (BNI 1996) was 
determined to be generally acceptable.   

• Residential cancer risk at IRP-6 estimated during the RI (BNI 
1997b), using 30-year average groundwater COC concentrations 
derived from soil leaching modeling, was determined to be 
generally acceptable; based on RI evaluations, no further action was 
recommended at IRP-6. 

• Additional risk assessment information developed in this FS for 
IRP-6 is presented in Section 1.8. 

MPA – MINGLED PLUMES AREA 
Past, Present, Future Land 
Use/Surface Conditions 

• MPA consists of five AOCs (DSS-01, DSS-02, MDA-02, MMS-05, 
and ST-67) located in the center of former MCAS Tustin near 
Building 28. 

• AOCs stored waste solvents, fuels, and oils. 

 



09/10/08 7:35 AM sam cto062\ou-4b fs\draft final\table 1-2r.doc page 7 of 9 

Table 1-2 (continued) 

Site-Specific Elements Description 

Past, Present, and Future Land 
Use/Surface Conditions (continued) 

• Past and current land use consists of both paved and unpaved open 
areas and vacant MCAS property and nearby buildings including 
blimp hangar #1 (Building 28), which overlies approximately 
20 percent of the contaminant plume. 

• Proposed future land use for most of the site is part of urban 
regional park.  A small portion of the southern area of the site is 
designated as community core that includes commercial, business, 
and residential use. 

Hydrogeology • First WBZ under semiconfined to confined conditions; second and 
third WBZs under confined conditions. 

• Depth to groundwater ranges from 9 to 10 feet bgs, based on 
monitoring wells at the site (Brown and Caldwell 2007) 
(BEI 2008). 

• Local groundwater gradient is to the south. 
• Hydraulic conductivity in the first WBZ is 25 feet per day. 
• Hydraulic conductivity in the second WBZ is 30 feet per day. 

Contaminant Release Information • 150 gallons of paint strippers, thinners, paints, and solvents were 
reported spilled at MMS-05 (former paint shop area); solvents were 
reported used and disposed to the ground surface at ST-67 (former 
hazardous materials storage yard). 

• Estimated volumes of released contamination at other AOCs are not 
available; DSS-01 and DSS-02 were collapsed sanitary sewer lines; 
MDA-02 was a small area of observed staining surrounding 
Building 19 (station armory). 

Nature and Extent of 
Contamination 

• The COC is aqueous phase TCE in the first and second WBZs. 
• Approximate area of groundwater impacted by TCE above its MCL 

(5 µg/L) is 2,130 by 340 feet trending north-south (Figure 1-9). 
• Approximate mass of TCE based on the groundwater model is 

6.7 kilogram. 
• Maximum concentrations of TCE reported in the first WBZ have 

decreased from 46 µg/L in 1999 to 23 µg/L in 2006 (monitoring 
well CDS1MW01S). 

• Maximum concentration of TCE reported from the second WBZ is 
34 (estimated) µg/L from monitoring well I0MPMW01D in 2007. 

• Maximum concentration of TCE reported from the third WBZ is 
1.1 µg/L in 2007. 

• The first-WBZ plume migration is occurring, based on 
concentration trends in downgradient wells since 1999. 

Contaminant Fate and Transport/ 
Groundwater Modeling 

• 1996 RI groundwater modeling evaluated potential future migration 
of VOCs in groundwater. 

• Results indicated natural attenuation processes including 
dispersion, diffusion, and adsorption would reduce maximum TCE 
concentrations within the plume and that the plume would migrate 
about 200 feet over the next 100 years. 

• Assuming no biodegradation of TCE, the maximum concentration 
in the first WBZ after 30 years was estimated to be 35 μg/L and 
23 μg/L after 100 years. 
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Table 1-2 (continued) 

Site-Specific Elements Description 

 • Second WBZ concentrations expected to fall to 16 μg/L after 
30 years and to 8 μg/L after 100 years. 

• TCE in groundwater at the MPA would not reach the Navy 
property boundary within the next 100 years. 

• TCE in groundwater at the MPA also would not reach surface water 
at concentrations greater than 5 μg/L. 

• 2008 FS groundwater modeling further evaluated potential future 
migration of VOCs in groundwater. 

• Assumed hydraulic control using an extraction well pumping at 
3 gpm placed at the leading edge of the MPA plume. 

• Results indicated plume would not migrate more than 100 feet 
beyond present location. 

• Assuming no biodegradation, maximum TCE concentration after 
100 years estimated at 13 μg/L. 

• Further model sensitivity analyses conducted and compared to 
baseline modeling scenario. 

• Baseline scenario (Figure 1-16) – main MPA plume is present over  
complete 30-year cycle. 

• Little difference in plume extent or concentrations exist between 
scenario of an aqueous TCE half-life of 10 years (Figure 1-18) and 
the baseline scenario, which continues to show the presence of the 
MPA plume over 30 years. 

Mingled Plumes Area Risk 
Assessment 

• Residential risk from soil contaminants at DSS-01, DSS-02, 
MDA-02, MMS-05, and ST-67 evaluated in the RFA (BNI 1997a) 
were determined to be generally acceptable and requiring no further 
action. 

• Residential risk under a beneficial groundwater use scenario was 
evaluated in 2003 (BEI 2004a).  U.S. EPA total cancer risk (soil 
and groundwater) was 6.6E-04; Cal/EPA total cancer risk was 
4.3E-05; risk was driven by TCE in groundwater, assuming 
domestic use.  Additional risk assessment information developed in 
this FS for the MPA is presented in Section 1.8. 

Acronyms/Abbreviations: 
AOC – area of concern 
AST – aboveground storage tank 
bgs – below ground surface 
Cal/EPA – California Environmental Protection Agency 
COC – chemical of concern 
ESI – expanded site inspection 
FS – feasibility study 
gpm – gallons per minute 
IRP – Installation Restoration Program 
μg/L – micrograms per liter 
MCAS – Marine Corps Air Station 
MCL – maximum contaminant level 
MMS – miscellaneous major spill 
MPA – Mingled Plumes Area 
MTBE – methyl tert-butyl ether 
NFA – no further action 
OU – operable unit 
PRG – preliminary remediation goal 
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Table 1-2 (continued) 

Acronyms/Abbreviations (continued): 
RAP – remedial action plan 
RFA – Resource Conservation and Recovery Act facility assessment 
RI – remedial investigation 
ROD – record of decision 
TCE – trichloroethene 
TCP – trichloropropane 
U.S. EPA – United States Environmental Protection Agency 
UST – underground storage tank 
VOC – volatile organic compound 
WBZ – water-bearing zone 
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Section 5 
HUMAN-HEALTH RISK ASSESSMENTS 
This section presents the results of baseline HHRAs performed to evaluate the total combined 
risks (i.e., cumulative risk) to residents from exposure to soil and groundwater under current 
conditions at IRP-5N, IRP-5S(a), IRP-5S(b), IRP-11 (Area B), IRP-13W, IRP-16, MMS-04 
(Area B), and the MPA.  Results from these HHRAs are summarized in Table 5-1.  Risk drivers 
for resident adults and children are presented in Tables 5-2 and 5-3, respectively. 

The primary objective of these baseline HHRAs was to evaluate the likelihood that exposure to 
chemicals in soil and/or groundwater poses threats to human health if no actions were to be 
taken.  Risk assessments were previously performed at these sites during the RI, ESI, RFA, and 
draft FFS (BNI 1997b, 1996, 1997a, 2000, respectively).  Results from previous risk assessments 
are presented in Section 1 and in Tables 1-2, 1-3, and 1-4.  Additional information about the 
procedures used to perform the HHRAs is presented in Appendix F. 

Baseline HHRAs for this investigation incorporated data obtained subsequent to the previous 
risk assessments, and also incorporated more recent U.S. EPA and Cal/EPA toxicity factors and 
exposure parameters. 

Sources of new data included in the current HHRAs are the following: 

• a limited HydroPunch investigation at MDA-02 (MPA) (BNI 1999) 

• quarterly groundwater monitoring at IRP-16 and at the MPA from 1999 through 2001 
(BEI 2003b) 

• current shallow groundwater investigation results obtained at IRP-5S(a), IRP-13W, 
and the MPA 

No additional groundwater data were obtained for IRP-5N or IRP-5S(b). 

Total cancer and incremental cancer risks were estimated.  Total cancer risk is presented as the 
sum of risks from exposure to soil and groundwater (combined).  Incremental cancer risk was 
estimated by subtracting background risks for metals from their corresponding total lifetime 
cancer risks.  Incremental noncancer HIs were not calculated for systemic toxicants because 
noncarcinogenic effects are expressed relative to threshold values. 

Cal/EPA toxicity values were used in addition to U.S. EPA cancer slope factors in dual-tracking 
cancer risks.  This approach provides cancer risk estimates using only U.S. EPA toxicity values 
and separate estimates using California toxicity values.  Although both U.S. EPA and Cal/EPA 
cancer risk estimates are presented in summary tables in this section (Table 5-1) and in detail in 
Appendix F, only cancer risk estimates resulting in the more conservative estimate of risk are 
discussed in this section.  In addition, although estimates of cancer and noncancer HI risks under 
residential scenarios are presented in summary tables, only the more conservative cancer risk 
estimated for adult residents and noncancer HI risks estimated for child residents are presented.  
Discussions of cancer and noncancer risks in the following paragraphs are for the most 
conservative estimates. 

alisaseneor
Stamp
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Table 5-1 
Total and Incremental Lifetime Cancer Risk and Hazard Index 

Residential Exposure With Beneficial Groundwater Use 

Exposure Route 
Cancer Risk 
(U.S. EPA)a,b 

Cancer Risk 
(State)a,c Hazard Indexd,e 

IRP-5N    
Soil total 3.2E-07 3.9E-07 0.033 
Groundwater total NA1 NA1 0.061 

Total 3.2E-07 3.9E-07 0.094 
Incremental f  3.2E-07 3.9E-07 NA2 

IRP-5S(a)    
Soil total 6.5E-05 1.2E-04 0.026 
Groundwater total 1.0E-03 2.6E-05 7.6 

Total 1.1E-03 1.5E-04 7.6 
Incrementalf 1.1E-03 1.5E-04 7.6 

IRP-5S(b)    
Soil total 3.6E-07 6.1E-07 0.072 
Groundwater total NA1 NA1 0.47 

Total 3.6E-07 6.1E-07 0.54 
Incrementalf 3.6E-07 6.1E-07 NA2 

IRP-11 (Area B)    
Soil total 1.1E-08 7.4E-07 0.074 
Groundwater total 2.9E-04 6.0E-06 2.0 

Total 2.9E-04 6.8E-06 2.1 
Incrementalf NA2 NA2 NA2 

IRP-13W    
Soil total 3.2E-05 3.1E-05 2.8 
Groundwater total 4.5E-04 5.7E-05 3.0 

Total 4.8E-04 8.8E-05 5.8 
Incrementalf  4.6E-04 6.6E-05 NA2 

IRP-16    

Soil total 5.9E-05 5.6E-05 0.96 
Groundwater total 6.2E-06 3.1E-06 8.3 

Total 6.5E-05 5.9E-05 9.3 
Incrementalf  4.3E-05 3.7E-05 NA2 

(table continues) 
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Table 5-1 (continued) 

Exposure Route 
Cancer Risk 
(U.S. EPA)a,b 

Cancer Risk 
(State)a,c Hazard Indexd,e 

MMS-04 (Area B)    
Soil total 6.8E-07 4.9E-07 2 
Groundwater total 6.6E-04 6.1E-05 5 

Total 6.6E-04 6.1E-04 7 
Incrementalf 6.6E-04 6.1E-04 NA3 

Mingled Plumes Area    
Soil total 2.9E-05 2.5E-05 2.2 
Groundwater total 5.8E-04 1.8E-05 4.3 

Total 6.1E-04 4.3E-05 6.5 
Incrementalf  5.8E-04 2.1E-05 NA3 

Notes: 
a the risk is higher for the resident adult; therefore, only the resident adult risk results are shown 
b risk was calculated using U.S. EPA toxicity values 
c risk was calculated using Cal/EPA toxicity values 
d the index is higher for the resident child; therefore, only the resident child hazard index is shown 
e resident child hazard index is based on oral RfDs and adult-based inhalation RfDs (RfCs 

converted to inhalation RfDs by use of an adult body weight and an adult inhalation rate) 
f incremental cancer risk was calculated by subtracting background risk for metals from their 

corresponding total lifetime risk 

Acronyms/Abbreviations: 
Cal/EPA – California Environmental Protection Agency 
IRP – Installation Restoration Program 
MCAS – Marine Corps Air Station 
MMS – miscellaneous major spill 
NA1 – not applicable; no carcinogens identified in groundwater sample data set 
NA2 – not applicable; incremental risks could not be calculated because all carcinogenic metals were 

screened out 
NA3 – not applicable; incremental hazard index was not calculated for the systemic toxicants because 

noncarcinogenic effects have thresholds 
RfC – reference concentration 
RfD – reference dose 
U.S. EPA – United States Environmental Protection Agency 
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Table 5-2 
Resident Adult Cancer Risk Drivers 

Site 

Total 
U.S. EPA 

Cancer Riska Risk Driverb,c,d Medium Percentagee
Total State  

Cancer Riska Risk Driverb,c,d Medium Percentagee

IRP-5S(a) 1.1E-03 trichloroethene 
EPC: 2.9E-02 mg/L  
Risk: 1.0E-03 

Groundwater 91 1.5E-04 benzo(a)pyrene 
EPC: 2.1E+00 mg/kg 
Risk: 5.8E-05 

Soil  39 

      benzo(b)fluoranthene 
EPC:  8.7E+00 mg/kg 
Risk:  2.4E-05 

Soil  16 

      benzo(k)fluoranthene 
EPC:  8.7E+00 mg/kg 
Risk:  2.4E-05 

Soil  16 

      trichloroethene 
EPC:  2.9E-02 mg/L 
Risk:  2.2E-05 

Groundwater 15 

IRP-11 
(Area B) 

2.9E-04 trichloroethene 
EPC: 8.0E-03 mg/L  
Risk: 2.9E-04 

Groundwater 100 6.8E-06 trichloroethene 
EPC: 8.0E-03 mg/L  
Risk: 2.9E-04 

Groundwater 89 

IRP-13W 4.8E-04 trichloroethene 
EPC:  1.1E-02 mg/L 
Risk:  4.0E-04 

Groundwater 83 8.8E-05 1,2,3-trichloropropane 
EPC:  2.5E-04 mg/L 
Risk:  4.5E-05 

Groundwater 51 

  1,2,3-trichloropropane 
EPC:  2.5E-04 mg/L 
Risk:  4.5E-05 

Groundwater 9  arsenic 
EPC:  1.1E+01 mg/kg 
Risk:  3.0E-05 

Soil  34 

  arsenic 
EPC:  1.1E+01 mg/kg 
Risk:  3.1E-05 

Soil  6  trichloroethene 
EPC:  1.1E-02 mg/L 
Risk:  8.3E-06 

Groundwater 9 

IRP-16 6.5E-05 arsenic 
EPC:  2.1E+01mg/kg 
Risk:  5.6E-05 

Soil  86 5.9E-05 arsenic 
EPC:  2.1E+01 mg/kg 
Risk:  5.6E-05 

Soil  95 

(table continues) 
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Table 5-2 (continued) 

Site 

Total 
U.S. EPA 

Cancer Riska Risk Driverb,c,d Medium Percentagee
Total State  

Cancer Riska Risk Driverb,c,d Medium Percentagee

IRP-16 
(continued) 

 trichloroethene 
EPC:  1.6E-04 mg/Lf 
Risk:  5.7E-06 

Groundwater 9  tetrachloroethene 
EPC:  2.9E-04 mg/Lf 
Risk:  3.0E-06 

Groundwater 5 

MMS-04 
(Area B) 

2.4E-04 trichloroethene 
EPC:  1.8E-02 mg/L 
Risk:  6.5E-04 

Groundwater 55 1.4E-04 trichloroethene 
EPC:  1.8E-02 mg/L 
Risk:  1.4E-05 

Groundwater 23 

      methyl tert-butyl ether 
EPC:  4.0E-02 mg/L 
Risk:  1.8E-05 

Groundwater 6 

      tetrachloroethene 
EPC:  4.0E-03 mg/L 
Risk:  4.2E-05 

Groundwater 69 

Mingled 
Plumes Area 

6.1E-04 trichloroethene 
EPC:  1.6E-02 mg/L 
Risk:  5.7E-04 

Groundwater 93 4.3E-05 arsenic 
EPC:  8.6E+00 mg/kg 
Risk:  2.3E-05 

Soil 53 

      trichloroethene 
EPC:  1.6E-02 mg/L 
Risk:  1.2E-05 

Groundwater 28 

      carbon tetrachloride 
EPC:  1.7E-04 mg/L f 
Risk:  2.3E-06 

Groundwater 5 

Notes: 
a risk was calculated using U.S. EPA or Cal/EPA toxicity values 
b no risk drivers were identified for IRP-5N or IRP-5S(b) (cancer risks are below 1.0E-06) 
c the cancer risk is higher for the resident adult; therefore, only the resident adult risk results are shown 
d COPCs with cancer risks greater 1.0E-06 that contribute 5 percent or more to the total risk represent the principal risk drivers 
e the percentage shown corresponds to the COPC contribution to overall (soil + groundwater) risk 
f the maximum concentration was used for the EPC 

(table continues) 
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Table 5-2 (continued) 

Acronyms/Abbreviations: 
Cal/EPA – California Environmental Protection Agency 
COPC – chemical of potential concern 
EPC – exposure point concentration 
IRP – Installation Restoration Program 
MCAS – Marine Corps Air Station 
mg/kg – milligrams per kilogram 
mg/L – milligrams per liter 
MMS – miscellaneous major spill 
U.S. EPA – United States Environmental Protection Agency 
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Table 5-3 
Resident Child Hazard Risk Drivers 

Site Hazard Riska Risk Driverb,c,d,e,f Medium Percentageg 

IRP-5S(a) 7.6 trichloroethene 
EPC:  2.9E-02 mg/L 
HQ:  7.3 

Groundwater 96 

IRP-11 (Area B) 2.1 trichloroethene 
EPC:  8.0E-03 mg/L 
HQ:  2.0 

Groundwater 95 

IRP-13W 5.8 trichloroethene 
EPC:  1.1E-02 mg/L 
HQ:  2.8 

Groundwater 48 

  manganese 
EPC:  7.2E+02 mg/kg 
HQ:  2.2 

Soil 38 

IRP-16 9.3 selenium 
EPC:  4.2E-01 mg/L 
HQ:  5.4 

Groundwater 58 

  manganese 
EPC:  6.4E+00 mg/L 
HQ:  2.9 

Groundwater 31 

  arsenic 
EPC:  2.1E+01 mg/kg 
HQ:  0.96 

Soil 10 

MMS-04 (Area B) 7.0 trichloroethene 
EPC:  1.8E-02 mg/L 
HQ:  4.5 

Groundwater 64 

  iron 
EPC:  4.2E+04 mg/L 
HQ:  1.9 

Soil 27 

Mingled Plumes Area 6.5 trichloroethene 
EPC:  1.6E-02 mg/L 
HQ:  4.0 

Groundwater 62 

  manganese 
EPC:  4.8E+02 mg/kg 
HQ:  1.4 

Soil 22 

Notes: 
a HQs were calculated using U.S. EPA toxicity values 
b no risk drivers were identified for IRP-5N and IRP-5S(b) (hazard indices are below 1) 
c no risk drivers were identified for MMS-04 because no COPC has an HQ greater than 1.0 
d the hazard index is higher for the resident child; therefore, only the resident child results are shown 
e HQs for COPCs that contribute 10 percent or more to the hazard index represent the principal 

risk drivers 

(table continues) 
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Table 5-3 (continued) 

Notes:  (continued) 
f the maximum concentration was used for the EPC 
g the percentage shown corresponds to the COPC contribution to overall (soil + groundwater) 

hazard index 

Acronyms/Abbreviations: 
COPC – chemical of potential concern 
EPC – exposure point concentration 
IRP – Installation Restoration Program 
HQ – hazard quotient 
MCAS – Marine Corps Air Station 
mg/kg – milligrams per kilogram 
mg/L – milligrams per liter 
MMS – miscellaneous major spill 
U.S. EPA – United States Environmental Protection Agency 

Principal risk drivers were identified for sites where cancer risks exceed 10-6, which is the point 
of departure identified in the NCP for acceptable risk, and where noncancer risks (HIs) exceed 1 
(an HI greater than 1 suggests a potential for adverse health effects).  Principal cancer risk 
drivers are defined as COPCs with risks greater than 10-6 that contribute 5 percent or more to the 
total cancer risk.  Principal noncancer risk drivers are defined as COPCs with hazard quotients 
that contribute 10 percent or more to the noncancer risk HI. 

The results of the evaluation of lead in soil are also presented in this section.  Evaluation of lead  
was based on noncarcinogenic effects.  The assessment of the risk presented by lead consisted  
of first comparing the concentrations of lead in soils to the residential Cal/EPA PRG of  
150 mg/kg.  The comparison was based on the residential Cal/EPA PRG rather than  
the U.S. EPA PRG (400 mg/kg) because the Cal/EPA PRG is lower and therefore more 
conservative.  If the PRG was exceeded, the Cal/EPA pharmacokinetic model (LeadSpread 7) 
was used, and the concentration of lead in the blood was compared to the acceptable 
concentration of 10 micrograms per deciliter (μg/dL). 

It should be noted that results of the HHRA presented herein were based on conservative 
assumptions under a residential scenario in which the domestic use of groundwater  
(e.g., drinking, bathing, and other domestic uses) was assumed to occur over a period of 30 
years.  Domestic use of groundwater from the shallow aquifer is unlikely due to the poor quality 
of the water (e.g., elevated concentrations of TDS, nitrates, and salinity). 

5.1 IRP-5N 
Total and incremental residential cancer risks for IRP-5N were estimated to be 3.9 × 10-7 

(Cal/EPA), below the acceptable risk threshold of 10-6 presented in the NCP (Table 5-1).  
Total and incremental residential cancer risks were due to residential exposure to soil 
only, because no carcinogens were identified in groundwater at the site.  Because the 
total estimated cancer risk was below 10-6, no risk drivers were identified for soil. 
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Total noncancer risk HI was estimated to be 0.094, which does not exceed the noncancer 
threshold value of 1 (Table 5-1).  Noncancer HIs for soil and groundwater were estimated 
to be 0.033 and 0.061, respectively.  Because noncancer HIs did not exceed 1, no risk 
drivers were identified.  The Cal/EPA pharmacokinetic model was used because the  
95 percent upper confidence limit (UCL) for lead exceeded the residential soil PRG.  The 
resulting concentrations of lead in the blood for the resident adult and child were below 
the concentration of concern of 10 μg/dL.  The concentration of lead in soil at IRP-5N is 
considered negligible based on the results from the Cal/EPA pharmacokinetic model. 

5.2 IRP-5S(a) 
Total and incremental residential cancer risks for soil and groundwater at IRP-5S(a) were 
estimated to be 1.1 × 10-3 (U.S. EPA), which exceeds the generally acceptable cancer risk 
range of 10-6 to 10-4 presented in the NCP (Table 5-1).  The total cancer risk for soil was 
estimated to be 6.5 × 10-5.  No principal risk drivers were identified for soil.  The total 
cancer risk for groundwater was estimated to be 1.0 × 10-3, with TCE identified as the 
only principal risk driver contributing approximately 91 percent to the total risk at 
IRP-5S(a) (Table 5-2). 

The total noncancer risk for soil and groundwater at IRP-5S(a) was estimated to be 7.6, 
which exceeds the noncancer HI threshold value of 1.  The noncancer HI for soil was 
estimated to be 0.026.  No principal risk drivers were identified for soil.  The noncancer 
HI for groundwater was estimated to be 7.6.  TCE, the only principal risk driver 
identified for groundwater, contributed approximately 96 percent to the total noncancer 
risk (Table 5-3).  Lead was not selected as a soil COPC for this site because its maximum 
concentration is below the 99th percentile for the background concentration. 

5.3 IRP-5S(b) 
Total and incremental residential cancer risks for IRP-5S(b) were estimated to be  
6.1 × 10-7 (Cal/EPA), which represents acceptable risk as presented in the NCP  
(Table 5-1).  Total and incremental residential cancer risks were due to residential 
exposure to soil only, because no carcinogens were identified in groundwater at the site.  
Because the total estimated cancer risk was below 10-6, no risk drivers were identified 
for soil. 

The total noncancer risk for IRP-5S(b) was estimated to be 0.54, which does not exceed 
the noncancer HI threshold value of 1.  Noncancer HIs for soil and groundwater were 
estimated to be 0.072 and 0.47, respectively.  Because noncancer HIs did not exceed 1, 
no risk drivers were identified.  The risk from exposure to lead in soil was also 
considered negligible based on comparison of reported concentrations of lead in soil (95 
percent UCL) with the Cal/EPA PRGs for residential soil.  Reported concentrations of 
lead in soil did not exceed the Cal/EPA PRG for residential soil. 
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5.4 IRP-11 (AREA B) 
Total residential cancer risk for soil and groundwater at IRP-11 Area B was estimated to 
be 2.9 × 10-4 (U.S. EPA).  This value slightly exceeds the generally acceptable cancer 
risk range of 10-6 to 10-4 presented in the NCP (Table 5-1).  The total cancer risk for soil 
was estimated to be 1.1 × 10-8.  No principal risk drivers were identified for soil.  The 
total cancer risk for groundwater was estimated to be 2.9 × 10-4, with TCE identified as 
the principal risk driver contributing approximately 100 percent to the total cancer risk at 
IRP-11 Area B (Table 5-2). 

The total noncancer risk for soil and groundwater at IRP-11 Area B was estimated to be 
2.1, which exceeds the noncancer HI threshold value of 1.  The noncancer HI for soil was 
estimated to be 0.074.  No principal risk drivers were identified for soil.  TCE, the only 
principal risk driver identified in groundwater, contributed approximately 89 percent to 
the total noncancer risk.  The risk for lead in soil is considered negligible based on 
comparison of the 95 percent UCL with the Cal/EPA PRG for residential soil.  Reported 
concentrations of lead in soil did not exceed the Cal/EPA PRG for residential soil. 

5.5 IRP-13W 
Total residential cancer risk for soil and groundwater at IRP-13W was estimated to be  
4.8 × 10-4 (U.S. EPA), and incremental residential cancer risk was estimated to be  
4.6 × 10-4 (U.S. EPA).  These values slightly exceed the generally acceptable cancer risk 
range of 10-6 to 10-4 presented in the NCP (Table 5-1).  The total cancer risk for soil was 
estimated to be 3.2 × 10-5, with arsenic identified as the only principal risk driver 
contributing approximately 6 percent to the total risk (Table 5-2).  The total cancer risk 
for groundwater was estimated to be 4.5 × 10-4, with TCE and 1,2,3-TCP identified as 
principal risk drivers contributing approximately 83 and 9 percent, respectively, to the 
total risk at IRP-13W (Table 5-2). 

The total noncancer risk for soil and groundwater at IRP-13W was estimated to be 5.8, 
which exceeds the noncancer HI threshold value of 1.  The noncancer HI for soil was 
estimated to be 2.8, with manganese identified as the only principal risk driver 
contributing approximately 38 percent to the total noncancer risk (Table 5-3).  TCE, the 
only principal risk driver identified in groundwater, contributed approximately 48 percent 
to the total noncancer risk.  The risk for lead in soil is considered negligible based on 
comparison of the 95 percent UCL with the Cal/EPA PRG for residential soil.  Reported 
concentrations of lead in soil did not exceed the Cal/EPA PRG for residential soil. 

5.6 IRP-16 
Total residential cancer risk for soil and groundwater at IRP-16 was estimated to be  
6.5 × 10-5 (U.S. EPA), and incremental residential cancer risk was estimated to be  
4.3 × 10-5 (U.S. EPA).  These values are within the generally acceptable cancer risk range 
of 10-6 to 10-4 presented in the NCP (Table 5-1).  The total cancer risk for soil was 
estimated to be 5.9 × 10-5, with arsenic identified as the only risk driver in soil 
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contributing approximately 86 percent of the total cancer risk (Table 5-2).  The total 
cancer risk for groundwater was estimated to be 6.2 × 10-6, with TCE identified as the 
only risk driver in groundwater contributing approximately 9 percent to the total cancer 
risk at IRP-16 (Table 5-2). 

The total noncancer risk for IRP-16 was estimated to be 9.3, which exceeds the 
noncancer HI threshold value of 1.  The noncancer HI for soil was estimated to be 0.96, 
with arsenic identified as the only principal risk driver contributing approximately 
10 percent to the total noncancer HI at IRP-16.  The noncancer HI for groundwater was 
estimated to be 8.3, with selenium and manganese identified as principal risk drivers 
contributing approximately 58 and 31 percent, respectively, to the total noncancer HI 
(Table 5-3).  Lead was not selected as a soil COPC for this site because its maximum 
concentration was below the 99th percentile for the background concentration. 

5.7 MMS-04 (AREA B) 
Total residential cancer risk for soil and groundwater at MMS-04 Area B was estimated 
to be 6.6 × 10-4 (U.S. EPA), and incremental residential cancer risk was estimated to be 
6.6 × 10-4 (U.S. EPA).  These values exceed the NCP’s generally acceptable cancer  
risk range of 10-6 to 10-4 (Table 5-1).  The total cancer risk for soil was estimated to be 
6.8 × 10-7.  No principal risk drivers were identified for soil.  The total cancer risk for 
groundwater was estimated to be 6.6 × 10-4, with TCE identified as the only principal risk 
driver, contributing approximately 98 percent to the total cancer risk at MMS-04 Area B 
(Table 5-2). 

The total noncancer risk for soil and groundwater at MMS-04 Area B was estimated to be 
7.0, which exceeds the noncancer HI threshold value of 1.  The noncancer HI for soil was 
estimated to be 2.0.  Iron, the only principal risk driver identified for soil, contributes 
approximately 27 percent to the total noncancer risk.  TCE, the only principal risk driver 
identified in groundwater, contributes approximately 64 percent to the total noncancer 
risk.  The risk for lead in soil is considered negligible based on comparison of the  
95 percent UCL with the Cal/EPA PRG for residential soil.  Reported concentrations of 
lead in soil did not exceed the Cal/EPA PRG for residential soil. 

5.8 MINGLED PLUMES AREA 
Total residential cancer risk for soil and groundwater at the MPA was estimated to be  
6.1 × 10-4 (U.S. EPA), and incremental residential cancer risk was estimated to be  
5.8 × 10-4 (U.S. EPA).  These values exceed the generally acceptable cancer risk range of 
10-6 to 10-4 presented in the NCP (Table 5-1).  The total cancer risk for soil was estimated 
to be 2.9 × 10-5; no cancer risk drivers were identified for soil.  The total cancer risk for 
groundwater was estimated to be 5.8 × 10-4, with TCE identified as the only risk driver 
contributing approximately 93 percent of the total cancer risk (Table 5-2). 
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The total residential noncancer risk for soil and groundwater at the MPA was estimated  
to be 6.5, which exceeds the noncancer HI threshold value of 1.  The total noncancer HI 
for soil was estimated to be 2.2, with manganese identified as the only risk driver 
contributing approximately 22 percent of the total noncancer risk for the MPA (Table 5-3).  
The total noncancer HI for groundwater was estimated to be 4.3, with TCE identified as 
the only risk driver contributing approximately 62 percent of the total noncancer risk for 
the MPA.  The risk of exposure to lead in soil is considered negligible, given that the 
95 percent UCL for this metal is estimated to be below the PRG for residential soil. 
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vapor intrusion), and dermal contact.  For the inhalation pathway, human 
receptors include the construction worker, industrial worker, and hypothetical 
future resident.  However, the site is vacant and there are currently no direct 
exposure pathways.   

1.8 HUMAN HEALTH RISK ASSESSMENT 
OU-4B sites, as well as other sites and AOCs at former MCAS Tustin, were initially 
investigated during the ESI (BNI 1996), the RFA (BNI 1997a), and the RI for OU-1 and 
OU-2 (BNI 1997b).  Screening-level or baseline HHRAs performed at that time 
determined that risks from soil at the OU-4B sites were acceptable, or were generally 
acceptable based on site-specific factors.  In these assessments, risk drivers in soil were 
found to be either metals at concentrations consistent with background or infrequently 
reported PAHs.  On this basis, the Navy and their BCT regulatory partners determined 
that soil at OU-4B sites required NFA, and that groundwater would require further 
evaluation and action. 

During the OU-4 shallow groundwater investigation in 2003, HHRAs were conducted for 
the low concentration sites IRP-11, IRP-13W, and MMS-04, and moderate concentration 
sites IRP-5S(a) and the MPA; these assessments assumed beneficial use of groundwater 
(BEI 2004a).  U.S. EPA and Cal/EPA risks that exceeded the risk management range at 
all these sites were associated with the domestic groundwater use pathway, and were 
driven primarily by TCE in groundwater.  An HHRA was not conducted for IRP-6 since 
this site was not included in the OU-4 investigation (BEI 2004a).  However, groundwater 
risk at IRP-6, determined during the ESI (BNI 1996), exceeded the NCP risk 
management range, driven by the presence of 1,1-DCE in groundwater. 

HHRAs conducted for OU-4B sites in this FS assumed no beneficial use of groundwater 
under a future residential land-use scenario.  The purpose for assuming no beneficial 
groundwater use was to quantify potential risks at OU-4B sites associated with the vapor 
intrusion to indoor air exposure pathway; these risk assessments are intended to assist the 
Navy and the regulatory agencies in risk management decision-making.  The no 
beneficial groundwater use assumption represents a reasonable approach, given that 
shallow groundwater at former MCAS Tustin is of poor quality and yield and is unlikely 
to be used as a future domestic supply source. 

1.8.1 Risk Results for Beneficial Use of Groundwater 
The total and incremental U.S. EPA and Cal/EPA residential cancer risks and noncancer 
hazard indices (HIs) assuming beneficial use of groundwater, as determined in the OU-4 
shallow groundwater investigation (BEI 2004a), are shown in Table 1-3.  The total cancer 
risks are based on all COPCs, including metals in soil, that were considered to be 
naturally occurring and within background concentrations.  Incremental cancer risk was 
estimated by subtracting background risks from total risk.   

The exposure pathways included direct contact with soil (ingestion, dermal contact, and 
inhalation of dust and vapors), ingestion of groundwater, and inhalation of vapors in 
indoor air from showering, and dermal contact with groundwater while showering.  The 
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cancer risks are based on a 30-year exposure (6 years as a child and 24 years as an adult) 
and the noncancer risks are based on children as the more conservative estimate. 

A summary of the results is shown in Table 1-3 and a discussion of the risk drivers is 
presented as follows. 

• Low concentration sites: 

– IRP-11 – total U.S. EPA and Cal/EPA cancer risks are 2.9E-04 and 6.8E-06, 
respectively; the HI is 3.8.  The only risk driver is TCE in groundwater. 

– IRP-13W – total U.S. EPA and Cal/EPA cancer risks are 4.8E-04 and 
8.8E-05, respectively; the HI is 5.8.  The risk drivers are TCE and 
1,2,3-TCP in groundwater (as discussed in Section 2.1, 1,2,3-TCP 
contamination in groundwater is sourced from OU-1A and is not a COC for 
this FS).  Arsenic in soil has a cancer risk of 3 × 10-5 but the concentrations 
are consistent with background. 

– MMS-04 – total U.S. EPA and Cal/EPA cancer risks are 6.6E-04 and 
6.1E-05, respectively; the HI is 7.0.  TCE and tetrachloroethene (PCE) in 
groundwater are the only risk drivers. 

• Moderate concentration sites: 

– IRP-5S(a) – total U.S. EPA and Cal/EPA cancer risks are 1.1E-03 and 
1.5E-04, respectively; the HI is 7.6.  The majority of the risk is associated 
with TCE in groundwater.  The remaining risk drivers are PAHs in soil that 
were reported infrequently; the risk is based on maximum concentrations. 

– IRP-6 – total U.S. EPA and Cal/EPA cancer risks are both 3.3E-03 
associated with 1,1-DCE in groundwater. 

– MPA – total U.S. EPA and Cal/EPA cancer risks are 6.0E-04 and 4.3E-05, 
respectively; the HI is 6.5.  The majority of the risk is associated with TCE, 
chloroform, and carbon tetrachloride in groundwater.  Arsenic in soil is also 
a risk driver but the concentrations are consistent with background. 

In summary, risks exceeding the risk management range are associated with beneficial 
use of groundwater, and the risk drivers in soil for direct contact (ingestion, dermal 
contact and inhalation of dust) are either metals at concentrations consistent with 
background or infrequently reported PAHs.  As discussed in Section 1.5, groundwater 
from the first WBZ underlying the OU-4B sites would most likely not be used for 
domestic purposes because of high TDS, sulfate, selenium, and nitrate concentrations and 
also because of the ready availability of municipally supplied water. 

1.8.2 Risk Results With No Beneficial Use of Groundwater (Vapor 
Intrusion Pathway) 
The HHRAs for this FS followed guidance for evaluating the vapor intrusion pathway 
(U.S. EPA 2002, ITRC 2007).  Both guidance documents use a tiered approach in 
determining whether the exposure pathway is complete and if so, whether the vapors are 
present at concentrations that may pose unacceptable risk.  Review of the generic 
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screening levels presented in the guidance indicates that concentrations of COCs in 
groundwater at OU-4B sites exceed these levels, and require additional assessment.  The 
guidance also recommends use of mathematical modeling in cases where potentially 
unacceptable exposure would occur to future receptors. 

The HHRAs conducted for the FS assumed that a  future resident (child and adult) 
would be exposed to VOCs that volatilize from groundwater and migrate through the 
subsurface into indoor air over a period of 30 years, 350 days per year.  The U.S. EPA 
Johnson and Ettinger vapor intrusion model was used to estimate the indoor air 
concentration from concentrations of volatile COPCs in soil and groundwater 
(U.S. EPA 2004a).  The risk for groundwater is based on the maximum concentration 
found in any sample and the risk for soil is based on either the maximum concentration or 
the 95 percent upper confidence limit of the average concentration, whichever is lower. 

A summary of the U.S. EPA and Cal/EPA cancer risks and noncancer hazard results are 
shown in Table 1-4.  The detailed information and supporting calculations are presented 
in Appendix D.  A discussion of the risk drivers for the vapor intrusion pathway is 
presented as follows. 

• Low concentration sites: 

– IRP-11 – U.S. EPA and Cal/EPA cancer risks are 2.8E-06 and 7.1E-07, 
respectively; the HI is 3.9E-03.  The U.S. EPA risk driver is TCE in soil and 
cancer risks associated with groundwater are below 1E-06.  The Cal/EPA 
cancer risk and noncancer HI are acceptable (below 1E-06; HI < 1). 

– IRP-13W – U.S. EPA and Cal/EPA cancer risks are 2.3E-06 and 3.9E-07, 
respectively; the HI is 2.8E-03.  The U.S. EPA risk driver is TCE in soil and 
cancer risks associated with groundwater are below 1E-06.  The Cal/EPA 
cancer risk and noncancer HI are acceptable (below 1E-06; HI < 1). 

– MMS-04 – U.S. EPA and Cal/EPA cancer risks are 8.9E-07 and 3.2E-07, 
respectively; the HI is 9.4E-03.  The cancer risks and noncancer HI are 
acceptable (below 1E-06; HI < 1). 

• Moderate concentration sites: 

– IRP-5S(a) – U.S. EPA and Cal/EPA cancer risks are 4.0E-06 and 1.8E-07, 
respectively; the HI is 4.7E-03.  The U.S. EPA risk driver is TCE in 
groundwater.  The Cal/EPA cancer risk and noncancer HI are acceptable 
(below 1E-06; HI < 1). 

– IRP-6 – U.S. EPA and Cal/EPA cancer risks are 1.7E-06 and 1.6E-07, 
respectively; the HI is 1.7E-02.  The U.S. EPA risk driver is TCE in 
groundwater.  The Cal/EPA cancer risk and noncancer HI are acceptable 
(below 1E-06; HI < 1). 

– MPA – U.S. EPA and Cal/EPA cancer risks are 1.8E-06 and 1.9E-07, 
respectively; the HI is 4.6E-03.  The U.S. EPA cancer risk above 1E-06 is 
result of adding soil and groundwater risks together.  There is no single risk 
driver.  The Cal/EPA cancer risk and noncancer HI are acceptable (below 
1E-06; HI < 1). 
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In summary, the U.S. EPA maximum cancer risk is 4.0E-06 (IRP-5S[a]) primarily due to 
use of the TCE provisional U.S. EPA toxicity factor.  Cal/EPA cancer risks are 
acceptable for all OU-4B sites.  U.S. EPA and Cal/EPA noncancer HIs for all sites are 
below 1. 

It is likely that any actual risk estimated for the vapor intrusion pathway would be lower 
if soil gas data were used in the HHRAs.  Soil gas data (not available) are preferred by 
U.S. EPA and Cal/EPA for estimating vapor migration, and generally result in lower 
estimated risks than groundwater data because the model for groundwater does not 
incorporate any factor for attenuation of COPC concentrations in the soil during 
migration.  The U.S. EPA cancer risks for IRP-11 and IRP-13W exceeding 1E-06 are 
associated with TCE in soil; it should be noted that soil data were collected in 1995–1996, 
and VOC concentrations in soil would be expected to be lower than reported at that time. 

1.9 ECOLOGICAL RISK ASSESSMENT 
Biological surveys were initially conducted at former MCAS Tustin by Tierra Madre 
Consultants (1994).  That study noted that the station provided minimal habitat and 
contained low wildlife diversity and abundance.  However, the study identified the 
drainage ditches at IRP-5 as possible wetlands habitat.  In 1996, the United States Army 
Corps of Engineers concluded that these three ditches were jurisdictional wetlands under 
the Clean Water Act. 

Field surveys conducted during the RI at OU-1 and OU-2 also noted the lack of 
significant wildlife and the degraded habitat at most of the station, but did identify the 
potential for ecological receptors at the drainage ditches at IRP-5 (BNI 1997b).  On this 
basis, an ecological risk assessment was conducted during the RI at the three drainage 
ditches at IRP-5 (IRP-5S[a], IRP-5S[b] and IRP-5N).  Contaminant concentrations 
reported in soil, sediment, and surface water samples collected from the ditches were 
used in the assessment.  Hazard quotients were found to exceed 1 for some chemicals 
for the mallard duck and least sandpiper.  However, given the limited size of the ditches 
and realistically low potential exposure to avian receptors, it was concluded in the RI 
that the ditches, including IRP-5S(a), do not appear to pose a significant ecological risk 
to wildlife. 

Recent redevelopment at former MCAS Tustin has included infilling of San Joaquin ditch 
and its tributary ditches (south ditch and downstream portion of north ditch) in the 
vicinity of OU-4B sites IRP-5S(a) and IRP-6, and there is no longer surface water and 
related habitat at these particular locations.  Therefore, no impact to ecological receptors 
would be expected via this potential pathway. 

1.10 GROUNDWATER MODELING 
Groundwater modeling was performed to simulate contaminant flow conditions and 
assess the fate and transport of 1,1-DCE at IRP-6 and TCE at IRP-5S(a), IRP-11, 
IRP-13W, MMS-04, and at the MPA.  All plumes were evaluated under a no action 
(baseline) scenario and assuming natural attenuation (a 10-year VOC half-life); a 
hydraulic containment alternative was also evaluated for IRP-5S(a) and the MPA.  All 
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Table 1-3 
Total and Incremental Cancer Risk and Hazard Indexa 

Residential Exposure to Soil and Groundwater for 
Beneficial Use of Groundwater  

 U.S. EPA Cancer Risk Cal/EPA Cancer Risk 

Sites Total Incrementalb Total Incrementalb
Hazard 
Index 

Low Concentration Sites      
IRP-11 2.9E-04 2.9E-04 6.8E-06 6.8E-06 3.8 
IRP-13W 4.8E-04 4.6E-04 8.8E-05 6.6E-05 5.8 
MMS-04 6.6E-04 6.6E-04 6.1E-05 6.1E-05 7.0 

Moderate Concentration Sites     
IRP-5S(a)c 1.1E-03 1.1E-03 1.5E-04 1.5E-04 7.6 
IRP-6d 3.3E-03 3.3E-03 3.3E-03 3.3E-03 68 
Mingled Plumes Area 6.0E-04 5.8E-04 4.3E-05 2.1E-05 6.5 

Notes: 
a Appendix F of the 2004 Technical Memorandum  
b incremental cancer risk was calculated by not including risk contributed by on-site metals with 

concentrations that are statistically indistinguishable from background and by subtracting background 
risk from total risk for metals above background levels 

c maximum concentrations in soil at IRP-5S(a) were used as the exposure concentration because of 
the small data set 

d cancer risks are from screening risk assessment conducted during the ESI (BNI 1996) and separate 
U.S. EPA and Cal/EPA cancer risks were not calculated for IRP-6 

Acronyms/Abbreviations: 
Cal/EPA – California Environmental Protection Agency 
ESI – expanded site inspection 
IRP – Installation Restoration Program 
MMS – miscellaneous major spill 
U.S. EPA – United States Environmental Protection Agency 
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Table 1-4
Total Cancer Risk and Hazard Index for Residential Exposure to 

Volatile Chemicals in Groundwater and Soil to Indoor Air*  

Sites Groundwater Soil Total Groundwater Soil Total Groundwater Soil Total

Low Concentration Sites
IRP-11 3.0E-07 2.5E-06 2.8E-06 5.3E-09 7.0E-07 7.1E-07 3.4E-04 3.6E-03 3.9E-03
IRP-13W 8.6E-07 1.4E-06 2.3E-06 3.6E-07 2.5E-08 3.9E-07 1.1E-03 1.7E-03 2.8E-03
MMS-04 3.8E-07 5.1E-07 8.9E-07 1.5E-08 3.0E-07 3.2E-07 7.3E-04 8.7E-03 9.4E-03

Moderate Concentration Sites
IRP-5S(a) 4.0E-06 2.9E-08 4.0E-06 1.2E-07 6.2E-08 1.8E-07 4.6E-03 9.5E-05 4.7E-03
IRP-6 1.7E-06 NA 1.7E-06 1.6E-07 NA 1.6E-07 1.7E-02 NA 1.7E-02
Mingled Plumes Area 9.8E-07 8.4E-07 1.8E-06 2.3E-08 1.7E-07 1.9E-07 1.4E-03 3.2E-03 4.6E-03

Note:
* groundwater risks based on maximum concentration; soil risks from Appendix F of Technical Memorandum (BEI 2004a)

Acronyms/Abbreviations:
Cal/EPA – California Environmental Protection Agency
IRP – Installation Restoration Program
MMS – miscellaneous major spill
NA – not calculated 
U.S. EPA – United States Environmental Protection Agency

U.S. EPA CANCER RISK CAL/EPA CANCER RISK HAZARD INDEX

9/10/2008 7:35 AM 062\ou-4b fs\ Table 1-4 R1.xls page 1 of 1
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Section 2 
REMEDIAL ACTION OBJECTIVES 
U.S. EPA guidance (U.S. EPA 1988b) defines “remedial action objectives” as media-specific or 
OU-specific goals for protecting human health and the environment.  These objectives focus the 
FS and define the scope of potential cleanup activities, thereby guiding the development and 
evaluation of remedial alternatives. 

This section presents RAOs proposed for VOC-contaminated groundwater associated with 
OU-4B sites at former MCAS Tustin.  Issues addressed include affected media and COCs, 
existing and potential receptors and exposure pathways, ARARs, and site remediation goals.  
Because this report addresses contaminated groundwater, this section also discusses estimated 
restoration time frames and areas of attainment within the context of RAOs. 

General response objectives are used to identify COCs and provide a broad context for the 
development of RAOs, which are the site-specific cleanup goals for remediation.  General 
response objectives for OU-4B are listed below; RAOs for the OU-4B sites are presented later in 
Section 2.6. 

• Protect human health by preventing unacceptable exposure to contaminants in 
shallow groundwater. 

• Achieve compliance with potential ARARs. 

2.1 AFFECTED MEDIA AND CHEMICALS OF CONCERN 
Previous investigations at former MCAS Tustin have shown that shallow groundwater 
has been impacted by VOCs at and downgradient of OU-4B sites (BNI 1996, 1997a,b; 
BEI 2004a).  Updated HHRAs that were conducted during the 2003 shallow groundwater 
investigation at OU-4 sites indicate that potential exposure to contaminated shallow 
groundwater under residential land-use scenarios (assuming beneficial groundwater use) 
would present the primary risk to human health at OU-4B sites (BEI 2004a).  Therefore, 
VOC-contaminated groundwater is the primary medium of concern for this FS. 

Soil at the OU-4B sites is not a medium of concern because it does not present a 
significant risk to human health and the environment or act as an ongoing source of 
groundwater contamination.  Based on previous risk assessments performed for OU-4B 
sites during the ESI (BNI 1996), the RFA (BNI 1997a), and the RI for OU-1 and OU-2 
(BNI 1997b), the Navy and BCT regulatory partners determined that risks from exposure 
to soil contaminants at OU-4B sites were acceptable and required NFA.  Surface water 
surrounding former MCAS Tustin has not been impacted by VOCs in shallow groundwater 
(BNI 1997a,b).  In addition, recent development activities at the southern portion of the 
former station in the vicinity of IRP-5S(a) and IRP-6, have infilled the San Joaquin ditch 
and tributary ditches (south ditch and downstream portion of north ditch, Figure 1-5).  
Therefore, surface water is also not a medium of concern for this FS Report. 

COCs were identified for groundwater at OU-4B sites based on groundwater sampling 
conducted during the OU-4 2003 groundwater sampling investigation (BEI 2004a), 
quarterly groundwater monitoring (Brown and Caldwell 2007), and supplemental 
investigation at IRP-6 and the MPA (BEI 2008).  These COCs include TCE at all sites 
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2.5 REMEDIATION GOALS FOR OU-4B GROUNDWATER 
Remediation goals serve as endpoints for response actions, establishing performance 
requirements for remedial technologies, and provide a basis for measuring the success of 
cleanup.  Under CERCLA, remediation goals are typically established using ARARs.  
ARARs are generally considered to be protective of human health and the environment.  
When health-based ARARs are not available or are not sufficiently protective due to 
multiple exposures or contaminants, remediation goals can be set using site-specific 
criteria that reduce exposure to contaminants.  The development of remediation goals for 
groundwater should also consider the background quality of the water along with its 
ability to impact other groundwater or surface water. 

CERCLA remedial actions for contaminated groundwater are driven by the expectation 
that aquifers will be returned to beneficial uses wherever practicable (40 C.F.R. 
§ 300.430[a][1][iii]).  The Irvine Groundwater Management Zone has been designated as 
a municipal and domestic water-supply source.  According to provisions of the Basin 
Plan, this designation also applies to the shallow VOC-affected groundwater at the base 
(RWQCB 2008).  Other potential beneficial uses for this groundwater include agricultural 
supply, industrial service supply, and industrial process supply.  Groundwater 
remediation goals should be numerical limits that allow all designated beneficial uses.  
Because potential drinking water supply is the most sensitive use, remediation goals for 
OU-4B are based on removing site-related contaminants so that the COC concentrations 
in shallow groundwater at former MCAS Tustin meet criteria for use as a potable water 
source. 

Potential ARARs for restoration of a municipal water-supply aquifer include WQOs for 
the Irvine Groundwater Management Zone as established in the Basin Plan, federal 
MCLs and nonzero MCLGs, and state MCLs.  The Basin Plan WQOs do not include 
numerical objectives for any of the OU-4B COCs.  However, as stated above, meeting a 
health-based standard such as an MCL would satisfy the Basin Plan’s narrative objective 
for toxic substances.  Therefore, the remediation goals selected for OU-4B were based on 
the federal MCL, the nonzero federal MCLG, or the state MCL, whichever was lowest 
for a given constituent. 

Table 2-3 lists the proposed remediation goals for contaminated groundwater at OU-4B.  
The goals apply to the plumes at all OU-4B sites.  Final remediation goals will be 
specified in the ROD. 

2.6 REMEDIAL ACTION OBJECTIVES FOR OU-4B SITES 
RAOs are site-specific, qualitative cleanup goals that are formed based on the COCs, the 
impacted media, fate and transport of COCs, exposure routes, and potential receptors 
identified in the conceptual site model.  The conceptual site model for OU-4B sites 
identified both ingestion of groundwater and inhalation of vapors originating from 
groundwater as potentially complete exposure pathways to hypothetical residents.  Future 
residents could potentially be directly exposed to groundwater vapors via showering or 
dishwashing for example.  Exposure to contaminant vapors could also occur via 
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volatilization from groundwater and subsurface migration into indoor air.  However, the 
risk assessments conducted as part of this FS determined that risks to hypothetical 
residents via an indoor air pathway would be acceptable under current site conditions.  
Therefore, associated exposure routes and potential receptors addressed in the RAOs for 
OU-4B sites are ingestion of and direct contact with groundwater, and direct exposure to 
vapors emanating from water during showering, dishwashing, etc. by hypothetical 
residents who would use shallow groundwater for domestic purposes.  Although 
industrial and agricultural use of shallow groundwater at the OU-4B sites is unlikely 
given water quality and current and future land use, these potential receptors would also 
be addressed in the RAOs. 

The RAOs for groundwater contaminant plumes at OU-4B sites IRP-11, IRP-13W, 
MMS-04, IRP-5S(a), IRP-6, and the MPA are as follows. 

• Protect human health by limiting use of shallow groundwater containing COCs 
at concentrations exceeding health-protective levels. 

• Reduce concentrations of COCs in shallow groundwater at areas of attainment 
for OU-4B sites to health-protective levels. 

Areas of attainment for OU-4B sites are identified and discussed in Section 2.8. 

The Navy intends to use an optimization approach for OU-4B and revisit the RAOs 
through remedy selection, remedial design, and remedial action phases.  In addition, the 
FS uses a multiple remedial technologies, or “treatment train,” optimization approach in 
developing alternatives that are fully capable of achieving the RAOs.  This approach 
relies upon interim remediation goals, or performance objectives, to determine when it is 
appropriate to transition from one particular remedial technology to the next in the 
treatment train.  An example of a performance objective that would be applicable to 
OU-4B sites would be attainment of stable or receding plume conditions (i.e., no 
migration), prior to achieving the RAOs and the corresponding proposed remediation 
goals for COCs. 

2.7 RESTORATION TIME FRAME 
U.S. EPA guidance for groundwater remediation (U.S. EPA 1988c) defines “restoration 
time frame” as “the period of time required to achieve selected remediation goals in the 
groundwater at all locations within the area of attainment.”  The preamble to the NCP 
states that U.S. EPA will usually consider several different alternative restoration times 
and methodologies to achieve site remediation goals.  The most appropriate option will 
be selected by balancing trade-offs among the NCP criteria of long-term effectiveness; 
reduction of contaminant toxicity, mobility, or volume through treatment; short-term 
effectiveness; implementability; and cost (55 Federal Regulation 8732, 08 March 1990). 

A number of factors influence the choice of groundwater response actions and the 
restoration schedule.  At the OU-4B sites, these factors include the current use and value 
of the aquifer, the ability to monitor and control VOC migration, and technical 
considerations associated with in situ groundwater remediation or extraction of 
contaminated groundwater.  Each of these issues is examined below. 
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Section 3 
IDENTIFICATION AND SCREENING OF REMEDIAL 
TECHNOLOGIES 
This section identifies general response actions and remedial technologies capable of addressing 
VOC-contaminated groundwater at the OU-4B sites.  The remedial technologies applicable to 
each general response action are screened according to criteria listed in U.S. EPA technical 
guidance (U.S. EPA 1988b).  Screening criteria include effectiveness, implementability, and 
cost.  Technologies retained after this screening evaluation are then assembled into complete 
alternatives in Section 4. 

Technologies are assessed primarily on the basis of their ability to address the COCs identified in 
Section 1.  However, the impact of the technologies on other constituents in soil and 
groundwater is also discussed. 

3.1 GENERAL RESPONSE ACTIONS 
General response actions are broad categories of remedial approaches.  Some response 
actions may stand alone as complete remedial alternatives.  However, in most cases, 
combinations of response actions are required to effectively address site-related 
contamination and satisfy RAOs. 

Potential response actions were developed for OU-4B groundwater to satisfy the NCP 
requirement to consider a broad range of alternatives.  In this FS Report, the following 
general response actions are identified for VOC-impacted groundwater. 

• No action entails no further response action of any type, including no 
administrative controls or monitoring.  The NCP and CERCLA require 
consideration of a no action alternative as a basis for comparison with other 
remedial alternatives developed during the FS. 

• ICs reduce potential hazards by limiting public exposure to impacted groundwater 
through legal and administrative measures.  Examples of such controls include 
restrictions or prohibitions on the extraction of groundwater for domestic 
purposes, requirements for permits to install new water supply wells, or future 
land-use restrictions placed on property deeds or titles.  ICs do not reduce the 
volume, mobility, or toxicity of contaminants in groundwater. 

• Monitoring includes measures such as groundwater sampling and laboratory 
analysis to evaluate the extent of migration of contaminants, concentration 
trends, potential risks, and/or changes in site conditions over time. 

• Monitored natural attenuation (MNA) relies on naturally occurring in situ 
processes (e.g., biodegradation, chemical transformation, volatilization, dilution, 
dispersion, and/or adsorption) to achieve remediation goals within a time frame 
that is reasonable compared with more active approaches (U.S. EPA 1999).  
Under certain conditions, these natural processes will act without human 
intervention to reduce the mass, toxicity, mobility, or volume of 
VOC-contaminated soil and groundwater.  Monitoring typically is performed in 
conjunction with MNA to evaluate contaminant concentration trends, suitability 
of conditions for in situ bioremediation (ISB), potential risks, and changes in site 
conditions over time. 
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• Containment technologies control risk by eliminating routes of exposure or 
reducing exposures to acceptable levels through physical or hydraulic control of 
groundwater.  Containment technologies may reduce contaminant mobility but 
typically do not provide treatment and would not necessarily reduce the toxicity 
or volume of contaminants.  Containment technologies typically require 
monitoring to confirm that remedial measures are performing as intended. 

• Groundwater extraction and ex situ treatment involves removal of impacted 
groundwater followed by above-grade engineered processes to separate or 
destroy contaminants.  Separation technologies transfer contaminants from one 
medium to another, generally creating a more concentrated waste stream for 
off-site treatment/disposal.  Destruction technologies transform site-related 
contaminants into generally benign by-products, although they may produce 
other nontarget contaminants in residual streams.  Typically, treated 
groundwater is discharged to surface water or a publicly owned treatment works 
facility in compliance with substantive requirements of environmental permits.  
Off-site management of treatment residuals must meet stringent state and federal 
regulations governing the treatment, storage, and disposal (TSD) of solid and 
hazardous wastes. 

• In situ treatment involves using in-place biological, thermal, physical or 
chemical processes to destroy contaminants in groundwater.  These processes 
may be used to break down contaminants and/or alter their properties so they 
can be easily extracted, destroyed, or immobilized. 

• Disposal technologies involve on-site or off-site transfers of contaminated 
media (soil and groundwater) or treatment residuals.  Groundwater disposal may 
include discharges of groundwater to sewer or surface water, reinjection of 
treated groundwater, or off-site disposal of groundwater and/or treatment 
residuals.  Discharges to surface water and ambient air are included within this 
general response action category.  The on-site disposal of untreated soil or 
groundwater is generally limited to material with low contaminant 
concentrations that is nonhazardous and incapable of releasing VOCs at 
concentrations of concern.  Off-site management of VOC-affected media must 
meet stringent regulations governing the TSD of solid and hazardous waste.  For 
CERCLA response actions, discharge of treated groundwater to surface water 
typically requires compliance with substantive requirements of National 
Pollutant Discharge Elimination System (NPDES) permits established by the 
RWQCB or other appropriate regulatory agency. 

The response actions listed above were used to categorize potentially applicable remedial 
technologies for VOC-impacted groundwater associated with OU-4B. 

3.2 SCREENING OF REMEDIAL TECHNOLOGIES 
Since the inception of the CERCLA Program in 1980, U.S. EPA has found that certain 
categories of sites share similar characteristics, including types of contaminants present, 
past disposal practices, affected environmental media, and preferred remedial 
technologies.  Several initiatives have been undertaken to incorporate this experience and 
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streamline the FS process based on historical patterns of CERCLA remedy-selection and 
site-performance data. 

For each remedial technology, associated process options have been identified.  Remedial 
technologies and associated process options were screened for effectiveness, 
implementability, and cost.  The objective of this screening was to select appropriate 
process options for each technology and to use the selected technologies to formulate 
remedial alternatives.  Development and evaluation of these remedial alternatives are 
discussed in Section 4. 

The screening criteria were applied based on their relative importance to the FS process 
(U.S. EPA 1988b).  The criterion of effectiveness was given the most weight, followed 
by implementability, and then by cost.  When two or more process options yielded 
comparable results, cost was the deciding factor. 

The following subsections discuss the screening results.  Results for process options are 
grouped by general response action (Section 3.1) and technology. 

3.2.1 Screening Criteria 
In accordance with U.S. EPA guidance (U.S. EPA 1988b), the screening criterion of 
effectiveness included the following considerations. 

• Ability to achieve RAOs for the protection of human health and the 
environment.  Technologies that will not meet chemical-specific ARARs or 
evaluation criteria, or that will not effectively contribute to the protection of 
public health or the environment at former MCAS Tustin were not considered 
further. 

• Permanent reduction in toxicity, mobility, or volume of VOC-affected 
groundwater through treatment.  Technologies that permanently reduce 
contaminant toxicity, mobility, or volume through treatment were preferred over 
those that do not. 

• Long-term risks of treatment residuals or containment systems.  
Technologies that have significantly lower long-term risks were preferred. 

• Risks to the public, workers, or the environment during technology 
implementation.  Technologies posing less risk during implementation 
were preferred. 

The screening criterion of implementability included the following considerations. 

• Site characteristics limiting the construction or effective functioning of a 
technology.  Technologies limited by site conditions at former MCAS Tustin 
were eliminated. 

• Waste or media characteristics that limit the use or effective functioning 
of a technology.  Technologies limited by waste or media characteristics 
were eliminated. 

• Availability of equipment and services needed to implement a technology 
along with the capacity of any off-site treatment or disposal facilities 
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required.  Technologies that are commercially developed and readily available 
or innovative technologies that have been pilot tested were given preference. 

• Administrative feasibility of obtaining permits for off-site actions and 
approvals from regulatory agencies and other offices.  Such feasibility is an 
important component of implementability because a technically feasible option 
may be difficult or impossible to permit.  Technologies were eliminated 
if obtaining all necessary administrative approvals was judged to be 
inordinately difficult. 

Cost criteria used to screen remedial technologies were qualitative and based on other 
factors such as engineering judgment and Navy preferences.  The relative magnitude of 
capital costs as well as O&M costs were considered when process options were compared 
within a technology type.  Process options with lower costs were preferred if the 
effectiveness and other implementability criteria were judged to be similar. 

Results of the screening process for groundwater remediation at OU-4B sites are 
discussed in the following section and summarized in Table 3-1. 

3.2.2 Remedial Options 
The screening of remedial options for VOC-impacted groundwater at OU-4B sites is 
presented in this section.  Technologies were evaluated based on site-specific 
considerations, such as the hydrogeology at former MCAS Tustin and the RAOs listed 
in Section 2.  Summaries of the effectiveness, implementability, and relative costs are 
presented in Table 3-1, along with screening results (retain or eliminate) for each 
process option. 

3.2.2.1 NO ACTION 
The no action process option was included in the screening process in accordance with 
NCP requirements to serve as the baseline for comparison with other response actions.  
No action, for the purposes of this FS Report, would represent existing conditions at 
OU-4B.  No action indicates that no engineered response or ICs would be used to address 
site-related contaminants.  The no action process option does not include any sampling or 
remediation activities, and does not restrict future uses of land or groundwater at the site.  
This process option would not include monitoring to verify its protectiveness.  The no 
action option is retained in order to serve as a baseline for comparison with other 
alternatives. 

3.2.2.2 INSTITUTIONAL CONTROLS 
ICs are legal and administrative mechanisms that limit exposure of future land owner(s) 
and land user(s) to COCs.  They would prohibit actions that could result in unacceptable 
exposure to COCs or damage to remedial action components until remediation is 
complete and remediation goals have been achieved.  ICs would not treat impacted 
groundwater.  The IC objectives would be to: 
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• prohibit the installation of new groundwater supply wells and extraction of 
groundwater unless approved in writing by the Navy and regulatory agencies;  

• allow the Navy and its contractors access to site(s) and components of the 
remedy; and 

• prohibit the alteration, disturbance, or removal of groundwater monitoring and 
remediation systems (as applicable) without written approval from the Navy and 
regulatory agencies. 

ICs would remain in place until RAOs and the following proposed remediation goals 
(Table 2-3) have been achieved: 

• TCE concentration – 5 μg/L or less 

• 1,1-DCE concentration – 6 μg/L or less 

For ICs at Navy-owned property at former MCAS Tustin, the Navy is following the 
covenant-based approach outlined in the March 2000 Memorandum of Agreement 
between the Navy and the DTSC (Attachment A).  The document presented as 
Attachment B, titled Principles and Procedures for Specifying, Monitoring, and 
Enforcement of Land-Use Controls and Other Post-ROD Actions, provides further details 
on the Navy’s covenant-based strategy.  According to this guidance, the following issues 
would be addressed in the ROD for OU-4B: 

• description of the risk(s) necessitating the ICs (VOCs present at concentrations 
above MCLs) 

• documentation of risk exposure assumptions and reasonably anticipated 
land uses 

• general description of the ICs, the logic for their selection, and related deed 
restrictions/notifications 

• statement of the IC performance objectives 

• list of the parties responsible for monitoring, reporting, and enforcing the ICs 

• description of the area/property covered by the ICs 

• expected duration of the ICs 

• reference to a remedial design or remedial action work plan (RAWP) that would 
describe implementation actions and responsibilities for those actions in order to 
assure the long-term viability of ICs 

At off-site property, ICs would be based on local well permit programs administered by 
the Orange County Health Care Agency (OCHCA) and Irvine Ranch Water District 
(IRWD).  These agencies require that any person planning to construct a water well must 
apply for and obtain a permit for construction of the well.  The agencies are also 
authorized to include any necessary conditions in the permit to assure adequate protection 
of public health (Orange County Code, Article 2, Construction and Abandonment of 
Water Wells, and IRWD Rules and Regulations, Section 16, Water wells).  The Navy 
would pursue and obtain commitments from OCHCA and IRWD to provide the Navy 
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with copies of any well permit applications received or permits issued within the 
geographic scope of the off-site groundwater plume exceeding remediation goals.  The 
Navy would provide updated copies of maps delineating the plume and provide periodic 
updates throughout the IC period.  This approach to off-site groundwater ICs has been 
employed successfully at former MCAS El Toro, Site 18 (DON 2002). 

The specific implementation mechanisms for ICs at OU-4B would be presented in the 
remedial design or RAWP.  IC-related actions such as periodic monitoring, inspections, 
reporting, notifications of changes in risk/remedy/land use, and development of IC 
boundary maps would be presented in the remedial design/RAWP stage.  In general, an 
environmental restrictive covenant would be provided in the deed, and a covenant to 
restrict use of property would be executed. 

Implementation of ICs would be effective as an interim strategy, in conjunction with 
other remedial process options, at preventing unacceptable exposure to VOCs in 
groundwater.  The reliability of ICs would depend on continued adherence to them.  ICs 
are implementable at OU-4B sites, but may require consideration by future property 
owners in land reuse planning and development.  The ICs for OU-4B sites could be 
coordinated with ICs for OU-1A and OU-1B at former MCAS Tustin.  By preventing 
exposure to the OU-4B groundwater contaminants, the protection of human health and 
the environment can be achieved at a nominal cost.  Based on effectiveness, ease of 
implementation, and low costs, ICs are retained for further consideration. 

3.2.2.3 GROUNDWATER MONITORING 
The groundwater monitoring process option includes groundwater-level measurements, 
sample collection, laboratory analyses, and reporting.  Groundwater monitoring would be 
performed on a regular schedule to assess plume stability, groundwater quality, and 
changes in contaminant concentrations. 

Groundwater sampling and analysis as a stand-alone action is not effective at reducing 
the mass, volume, or toxicity of groundwater contamination.  However, it is effective as a 
means of verifying VOC concentrations and assessing progress of remedial measures.  
Groundwater sampling and analysis is implementable at OU-4B sites, as evidenced by 
previous and current monitoring programs at former MCAS Tustin.  A groundwater 
monitoring program would be planned and executed effectively, reviewed and optimized 
regularly, and be of limited duration. 

Long-term groundwater monitoring is a practical method of measuring the effectiveness 
of groundwater remediation technologies and is a means to identify reductions in VOC 
concentrations to indicate completion of the remedial action.  This process option is 
therefore retained for further consideration in this FS Report. 

3.2.2.4 MONITORED NATURAL ATTENUATION 
MNA is a process option that employs groundwater monitoring to confirm the 
effectiveness of naturally occurring in situ processes (e.g., biodegradation, chemical 
transformation, adsorption, dispersion, volatilization, diffusion, and dilution) in achieving 
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RAOs within a reasonable time frame.  These natural processes act to reduce the mass, 
toxicity, mobility, and/or volume of impacted groundwater. 

MNA is generally applied at sites where it can be expected to address the site COCs 
effectively and in a reasonable time frame relative to active remedial options, where plume 
migration is not a significant issue, and where it is capable of restoring an aquifer to its 
designated beneficial uses (U.S. EPA 1999).  At sites where MNA is not expected to 
achieve RAOs within a reasonable time frame, it may be employed after more active 
options such as in situ chemical oxidation (ISCO) and/or ISB.  The primary limitation on 
MNA is that it is controlled by ambient conditions in the subsurface. 

Natural Attenuation of Chlorinated Hydrocarbons 

Chlorinated solvents, such as TCE and DCE, are typically biodegraded under natural 
conditions by reductive dechlorination.  Technical protocols for evaluation of the natural 
attenuation of chlorinated hydrocarbons have been developed and compiled (Wiedemeier 
et al. 1996).  U.S. EPA’s MNA guidance and technical MNA protocols for chlorinated 
ethenes emphasize the reductive dechlorination pathway.  However, recent research has 
shown that chlorinated solvents may also undergo biodegradation in aerobic conditions if 
they are used as electron donors (aerobic oxidation) or by cometabolism (Wymore et al. 
2007, Hampson and Lee 2007).  At anaerobic sites, reductive dechlorination appears to 
be the dominant attenuation process; at aerobic sites, other pathways such as 
cometabolism may dominate. 

Reductive dechlorination involves the degradation of chlorinated ethenes under anaerobic 
conditions.  In this process, the chlorinated hydrocarbon serves as an electron acceptor 
and loses a chlorine atom in exchange for a hydrogen atom.  At sites where reductive 
dechlorination proceeds to completion, TCE transforms sequentially to DCE, DCE to 
vinyl chloride, and vinyl chloride to ethene.  Depending on environmental conditions 
(such as the capabilities of indigenous bacteria) this sequence may be interrupted, 
resulting in DCE stall or the accumulation of vinyl chloride. 

The effectiveness of reductive dechlorination depends on the functional abilities of 
bacteria present in the aquifer.  For instance, Dehalococcoides ethenogenes (DHE) 
microorganisms and several DHE-like organisms have been shown to completely 
dechlorinate TCE, DCE, and vinyl chloride in an anaerobic environment (Major 2002).  
Several functional genes associated with the DHE bacteria are identified with metabolism 
of different chlorinated ethenes.  The tceA gene is identified with TCE and cis-1,2-DCE 
metabolism, whereas the vcrA gene is responsible for vinyl chloride metabolism.  
Reductive dechlorination of chlorinated ethenes is associated with the accumulation of 
daughter products and, in some cases, an increase in the concentration of chloride ions.  
Reductive dechlorination has been demonstrated under nitrate- and iron-reducing 
conditions, but the most rapid biodegradation rates affecting the widest range of 
chlorinated aliphatic hydrocarbons tend to occur under sulfate-reducing and carbon-
dioxide-reducing (methanogenic) conditions (Semprini et al. 1995, Sorenson et al. 2000, 
Freedman and Gossett 1989). 
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The Office of Solid Waste and Emergency Response Directive 9200.4-17 (1997 – 
http://www.mmr.org/Cleanup/tech/oswer.htm) identifies the following three lines of 
evidence that can be used to estimate natural attenuation of chlorinated aliphatic 
hydrocarbons: 

1. “Historical groundwater and/or soil chemistry data that demonstrate a clear and 
meaningful trend of decreasing contaminant mass and/or concentration over 
time at appropriate monitoring or sampling points.  (In the case of a 
groundwater plume, decreasing concentrations should not solely be the result of 
plume migration.  In the case of inorganic contaminants, the primary attenuating 
mechanism should also be understood.);  

2. Hydrogeologic and geochemical data that can be used to demonstrate indirectly 
the type(s) of natural attenuation processes active at the site, and the rate at 
which such processes will reduce contaminant concentrations to required levels.  
For example, characterization data may be used to quantify the rates of 
contaminant sorption, dilution, or volatilization, or to demonstrate and quantify 
the rates of biological degradation processes occurring at the site;  

3. Data from field or microcosm studies (conducted in or with actual contaminated 
site media) which directly demonstrate the occurrence of a particular natural 
attenuation process at the site and its ability to degrade the contaminants of 
concern (typically used to demonstrate biological degradation processes only).” 

Elevated concentrations of TCE daughter products such as 1,2-DCE or vinyl chloride are 
not evident at OU-4B sites and may be evidence of low rates of reductive biodegradation.  
Low rates could be a result of oxidizing conditions (not reducing conditions) in the 
aquifer or a lack of sufficient populations of indigenous DHE bacteria capable of 
degrading the constituents.  At IRP-6, the presence of 1,1-DCE may be indicative of 
additional cometabolic processes occurring at the site, or could be indicative of solvent 
usage other than TCE at the site. 

A limited microcosm study was conducted at IRP-5S(a) to assess possible reductive 
biodegradation processes occurring at the OU-4B sites.  The resulting data were 
inconclusive, but did not indicate significant biodegradation under reducing conditions.  
Several electron donors were tested, including molasses, lactate, and a proprietary 
product (ECS 2006).  No bioaugmentation was performed in the microcosm study.  
Irrespective of the extent of reductive VOC biodegradation occurring at OU-4B sites, 
VOC concentrations are still expected to decline over time by other attenuation 
processes.  Based on this information and similar results from other former MCAS Tustin 
sites, the rate of reductive TCE and DCE biodegradation is assumed to be low. 

Oxidation-Reduction Conditions as Indicators of the Potential for Intrinsic 
Bioremediation 

Oxidation-reduction (redox) conditions in groundwater are one line of evidence for 
assessing intrinsic bioremediation, and can be used to evaluate the potential for 
conditions that are conducive to anaerobic bioremediation of chlorinated solvents in 
groundwater.  Redox conditions at the site can be understood by evaluating the 
distribution of redox-sensitive parameters.  The important parameters are evident from a 
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consideration of the biologically mediated redox reactions shown on Figure 3-1.  
Microorganisms obtain energy for new and existing cells through the mediation of redox 
reactions involving the transfer of electrons from an electron donor to an electron 
acceptor (Pirt 1975, Zehnder and Stumm 1988, Bouwer 1994).  In general, the electron 
donor is an organic compound, while the electron acceptor is inorganic (Zehnder and 
Stumm 1988).  The free energy yielded by redox reactions varies substantially depending 
on the electron acceptor (Figure 3-1).  During respiration, microorganisms will 
preferentially use the electron acceptors yielding the greatest free energy (Bouwer 1994).  
Figure 3-1 shows that the order of preference for the most common inorganic electron 
acceptors is oxygen, nitrate, manganese (IV), iron (III), sulfate, and carbon dioxide.  
Therefore, the dominant microbial community in a groundwater system depends largely 
on the distribution of electron acceptors.  Where oxygen is plentiful, aerobic bacteria will 
predominate; where oxygen is depleted but nitrate is plentiful, nitrate-reducing bacteria 
will predominate; and so on. 

For oxygen, nitrate, and sulfate, decreased concentrations of these constituents relative to 
ambient concentrations indicate they are being utilized as electron acceptors.  Reduced 
products are particularly important in the case of manganese and iron reduction because 
manganese (IV) and iron (III) are only sparingly soluble, while manganese (II) and iron 
(II) have higher solubilities.  Thus, elevated dissolved concentrations of these metals 
indicate they are being used as electron acceptors.  Methane is also an important reduced 
product that is generally present only under the most reducing conditions, when 
methanogenesis is occurring.  Decreases in concentrations of dissolved carbon dioxide do 
not provide a reliable indicator of its reduction, because it is generally reduced only under 
conditions that also support its production through oxidation and fermentation of 
oxidizable organics. 

The mean values for dissolved oxygen and oxidation-reduction potential (ORP) at IRP-6 
and the MPA were taken from the final 2006 Annual Groundwater Monitoring Report 
(Brown and Caldwell 2007) and are summarized in Table 3-2.  The wide range of 
dissolved oxygen and ORP values appears to indicate variations in oxidation and reducing 
conditions at each site. 

Intrinsic Biodegradation 

Evidence for intrinsic biodegradation of chlorinated solvents under reducing conditions 
can be obtained by evaluating ratios of parent compounds (such as TCE) to degradation 
products (such as DCE, vinyl chloride, and ethene) in the context of redox conditions 
(Figure 3-1) and other biological activity indicators.  Studies of both intrinsic (Semprini 
et al. 1995) and enhanced (Sorenson et al. 2000) in situ biodegradation of chlorinated 
ethenes have shown strong correlations between redox conditions and the extent of 
reductive biodegradation.  For chlorinated ethenes, the degradation pathway for reductive 
dechlorination proceeds as follows (Freedman and Gossett 1989): 

PCE    TCE    DCE    vinyl chloride    ethene/ethane 

Of particular note is the preferential generation of the cis-1,2-DCE isomer as opposed to 
trans-1,2-DCE or 1,1-DCE in the reductive dechlorination process.  The predominance of 
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1,1-DCE at IRP-6 may be indicative of other sources or processes that may be taking 
place, such as aerobic cometabolism.  Compared with other remediation technologies, 
natural attenuation has the following advantages. 

• There is no generation or transfer of remediation wastes except purgewater. 

• Natural attenuation is less intrusive because no surface structures are required. 

• Natural attenuation may be applied to all or part of a given site, depending on 
the site conditions and cleanup objectives. 

• Natural attenuation may be used in conjunction with or as a follow-up to other 
(active) remedial measures. 

• Overall cost of MNA is typically lower than active remediation when the 
duration is limited. 

Continued plume migration under a natural attenuation scenario was evaluated as part of 
the baseline groundwater modeling completed for former MCAS Tustin (Appendix B).  
In this evaluation, several sensitivity runs were performed including the baseline 
modeling scenario, assuming a half-life of 10 years for COCs.  The 10-year half-life 
would represent a typical rate of intrinsic aerobic cometabolic processes (Wymore et al. 
2007, Hampson and Lee 2007).  Based on the results of groundwater modeling, MNA 
would be effective as a stand-alone technology at the three low concentration sites, but 
may not achieve remediation goals in an acceptable time frame as a sole remedial 
treatment option at the three moderate concentration sites.  MNA is retained for further 
consideration as a stand-alone remedial alternative and as a support technology for other 
remedial alternatives. 

3.2.2.5 CONTAINMENT 
Two remedial technologies to contain OU-4B contaminated groundwater were evaluated 
for this FS Report:  vertical barriers and hydraulic control. 

Vertical Barriers 

Vertical subsurface barriers may be installed at the upgradient and/or downgradient sides 
of a source area or plume.  Physical barriers such as sheet piling, biobarriers, deep soil 
mixing (DSM) walls, and slurry walls are considered below for OU-4B sites.  These 
process options have common advantages and limitations; therefore, they are screened as 
one process. 

Sheet piling is a barrier usually made of wood, reinforced concrete, polyethylene, or 
steel.  Steel is most commonly used for groundwater barriers using sheet piling.  These 
piles are connected along the edges using interlocking joints. 

Biobarriers are formed by stimulating the growth of biofilm-forming microbes in 
subsurface soil; the microbial biomass reduces hydraulic conductivity and mass transport 
properties by plugging the free pore space in porous media (Chen and Kojouharov 2002). 

DSM can be used to construct a groundwater containment barrier.  This technology 
involves in-place solidification and stabilization of saturated soil to form a 
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low-permeability vertical subsurface barrier to contain impacted groundwater.  DSM 
employs large-diameter, specially equipped auger drilling rigs that advance augers into 
the ground while reagent slurry is pumped down the shaft.  The slurry acts as an aid to 
drilling and is mixed into the drilled soil column, creating a soilcrete mass.  A batch plant 
is mobilized to mix and deliver the slurry to the augers.  Soil mixing is used to create 
structural elements for foundations, soil improvement, and retaining-wall systems.  It is 
also used with specialized cementing and chemical reagents for fixation of hazardous 
wastes, stabilization of lagoons, and construction of underground vertical barriers for 
groundwater containment. 

A slurry wall is a type of physical barrier that isolates the contaminant source zone and 
groundwater plume from the surrounding environment.  These walls usually consist of 
soil, bentonite, or a cement mixture.  Cement and bentonite slurry walls are capable of 
adsorbing and retarding the movement of heavy metals and larger organic molecules, but 
are not capable of completely stopping water movement. 

These technologies should all be effective in containing contaminated groundwater 
and/or diverting uncontaminated groundwater to some degree at the OU-4B sites.  
However, the primary concern with all vertical barriers is how they would affect overall 
groundwater flow.  Because of the heterogeneous nature of the subsurface alluvial 
deposits at former MCAS Tustin, it would be very difficult to predict how groundwater 
would flow near these vertical barriers.  Contaminated groundwater could potentially 
flow around and/or under the barriers.  The installation of vertical barriers would also be 
expected to be higher in cost than other process options, and additional hydrogeologic 
testing and geotechnical investigations would be required to design the barrier(s) prior to 
implementation.  These technologies would be moderately implementable in the shallow 
aquifer.  Some subsurface utilities would need to be disconnected or rerouted to install 
the containment system.  Due to the large area and extensive amount of trenching 
required, implementation of these technologies may be excessively disruptive.  Because 
of the unpredictability of the groundwater flow, high costs, and additional 
implementability requirements, all vertical barrier process options are eliminated from 
further consideration in this FS Report. 

Hydraulic Control 

This technology controls groundwater flow and/or contaminant migration by modifying 
horizontal and vertical hydraulic gradients in the vicinity of the plumes through 
extracting and/or injecting groundwater.  The purpose of hydraulic control is to prevent 
migration of VOC-impacted groundwater, prevent off-site migration, and/or protect 
off-site receptors.  Performance is determined by the existing hydraulic gradients, aquifer 
transmissivity, extent of heterogeneity or anisotropy within the aquifer, and other 
hydrogeologic considerations. 

Navy policy (DON 2004) directs that special care be taken during the evaluation of any 
remedy that includes the extraction and treatment of groundwater (i.e., pump-and-treat) 
as a component.  Navy experience has shown that the use of pump-and-treat is generally 
ineffective in reaching final cleanup levels and often results in high O&M costs, which 
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often continue to be incurred further into the future than anticipated.  Navy policy 
requires approval by the BRAC Program Management Office for a pump-and-treat 
system at BRAC-funded sites.  However, this technology is considered at the OU-4B 
sites because pump-and-treat systems are already operating for hydraulic control at 
nearby OU-1A and OU-1B sites and the incremental additional cost of adding one or more 
wells to the existing OU-1 systems is expected to be comparable to other remedial options. 

Containment of contaminated groundwater using hydraulic control is a well-established 
and demonstrated technology for preventing plume migration.  Extraction wells were 
selected as the representative process option for hydraulic control at OU-4B sites. 

Hydraulic controls for plume containment were assumed to consist of containment 
well(s) placed along the downgradient margin of the affected groundwater for each 
plume.  These wells would be designed and operated to create a capture zone that would 
extend the width of each plume.  Submersible pumps would be dedicated to each 
extraction well with level controls at the wellheads.  Double-walled conveyance piping 
would be used where required to transport contaminated groundwater to appropriate 
treatment systems prior to discharge.  Existing groundwater treatment systems were 
installed recently at OU-1A and OU-1B.  These systems have sufficient hydraulic 
capacity to receive additional flow from OU-4B sites, and could be used to treat extracted 
groundwater from OU-4B. 

A hydraulic-containment system could be implemented using standard drilling and well-
installation techniques and materials.  Aquifer testing may be necessary to optimize the 
system design.  Aquifer heterogeneity and the design details for directing extracted 
groundwater from OU-4B to the existing treatment systems would be addressed in the 
remedial design. 

Extraction can also be used as a component of distribution of in situ treatment options 
either as part of a treatment train or as a means to control gradient during in situ 
treatment.  Plume containment to prevent further migration is a feasible option for 
consideration with larger plumes.  Based on these considerations, extraction for hydraulic 
control is retained as a process option for this FS Report.  Groundwater extraction for 
hydraulic containment and treatment options for extracted groundwater are evaluated in 
Section 3.2.2.6. 

3.2.2.6 GROUNDWATER EXTRACTION AND EX SITU TREATMENT 
Groundwater extraction followed by ex situ treatment would be used to remove the mass 
of dissolved contaminants in groundwater at OU-4B.  Groundwater extracted from 
OU-4B sites would contain TCE, 1,1-DCE, and/or other VOCs at relatively dilute 
concentrations. 

Ex situ treatment uses aboveground chemical, physical, and/or biological processes to 
remove or destroy dissolved contaminants in extracted groundwater.  The ex situ 
treatment processes discussed below for OU-4B could also be used to treat groundwater 
extracted during groundwater monitoring if desired.  The difference between this 
process option and extraction for hydraulic control is that hydraulic control has the 
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objective of plume containment, while this option has the objective of contaminant 
mass removal. 

Groundwater extraction using extraction wells and pumps to produce and collect impacted 
groundwater prior to ex situ treatment is evaluated in conjunction with physical and chemical 
ex situ treatment technologies for OU-4B. 

Groundwater Extraction 

The two groundwater extraction technologies considered in this FS Report are 
conventional groundwater extraction wells and vacuum-enhanced extraction (VEE). 

Extraction Wells.  Extraction wells for groundwater pumping would be located and 
operated in a manner that assures the most efficient removal of dissolved contaminant 
mass.  Commonly, such an application would place extraction wells near or downgradient 
of the center of the plume, within or adjacent to plume hot spots. 

Use of groundwater extraction wells is an established remedial technology.  A 
groundwater extraction pilot test completed in 1997 at former MCAS Tustin showed that 
a pumping well would be relatively efficient in terms of removing both groundwater and 
dissolved TCE mass from the shallow aquifer.  A long-term sustainable pumping rate of 
5 gpm appears reasonable for individual wells completed in the first WBZ (BNI 1998a).  
However, groundwater modeling indicates that pumping rates of 2 to 3 gpm would be 
sufficient at OU-4B sites.  Results showing the performance of the TCRA system at 
OU-1A indicate that hydraulic containment is an effective method to control contaminant 
migration at former MCAS Tustin (PTES 2004). 

Installation of extraction wells could be performed at relatively low cost, and water could 
be transferred to the existing OU-1 treatment systems at a rate of approximately 2 to 3 gpm 
per well.  However, because O&M costs could be high depending on duration, total costs 
are expected to be high.  Groundwater extraction for mass removal is considered a less 
effective option than other remedial technologies such as ISB and ISCO.  For these 
reasons, groundwater extraction wells for VOC mass removal are eliminated from further 
consideration in this FS Report. 

Vacuum-Enhanced Extraction.  This process involves the application of a vacuum at 
the wellhead(s) to increase the contaminant mass removal rate and groundwater 
extraction rate in low-yield wells such as those that would be installed at OU-4B sites.  
Both vapor-phase VOCs and VOCs in groundwater are removed using VEE in a manner 
that is similar to but more effective than conventional groundwater extraction.  Soil vapor 
is captured by the vacuum system as the groundwater table is lowered in the vicinity of 
the well and VOCs are stripped from the vadose zone and newly exposed soil. 

As pointed out in U.S. EPA guidance (U.S. EPA 1997), the successful application of 
VEE depends on site-specific parameters.  For this reason, a VEE pilot test was 
conducted during 1998 in the first WBZ at nearby site IRP-3 (OU-1B), which has 
hydrogeologic conditions similar to OU-4B sites (BNI 1999a).  Operating at a vacuum of 
approximately 0.35 atmosphere, VEE appeared to slightly enhance the rate of 
groundwater extraction in the sand layer of the first WBZ.  A long-term groundwater 
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extraction rate of 5 gpm per well was estimated from the pilot test data.  However, the 
pilot VEE system was unable to induce a flow of air through the dewatered portions of 
the shallow aquifer to remove VOCs.  Apparently, the saturated upper clay layer of the 
first WBZ was an effective barrier to air flow (BNI 1999a).  Based on the results of this 
pilot test at IRP-3, VEE is eliminated from further consideration in this FS Report. 

Ex Situ Groundwater Treatment 

Ex situ treatment of groundwater is a technology that uses aboveground chemical, 
physical, and/or biological processes to remove or destroy dissolved contaminants from 
extracted groundwater.  The selection of treatment technologies considers such factors as 
flow rates, contaminant concentrations, physical properties of the contaminants, 
discharge limits and requirements for air and water, and general chemistry of extracted 
groundwater.  Two established, well-documented ex situ physical treatment options, 
granular activated carbon (GAC) adsorption and air stripping, are evaluated in this 
section.  In addition, one chemical treatment option, advanced oxidation, is discussed. 

Carbon Adsorption.  Adsorption involves the association of an adsorbate compound 
onto a surface (sorbent), while absorption involves the redistribution of a compound from 
the aqueous phase into a volume of material.  GAC is the most common adsorbent used 
for treatment of dilute VOCs in water and groundwater.  In GAC treatment, extracted 
groundwater contacts the carbon in a fixed-bed adsorption vessel.  Typically, two or three 
GAC vessels are operated in a series.  A bag or cartridge filter is usually placed upstream 
of the GAC vessels to prevent clogging caused by suspended solids in extracted 
groundwater.  The carbon adsorbs most dissolved VOCs and allows purified 
groundwater to pass through.  When the adsorptive capacity of the first vessel is 
exhausted, the spent GAC is replaced by fresh carbon.  Spent carbon is reactivated, 
disposed, or destroyed at a permitted off-site facility. 

GAC effectively reduces concentrations of a wide range of VOCs in groundwater to 
below typical sewer or storm drain discharge limits.  TCE and 1,1-DCE can be removed 
effectively by GAC. 

GAC is a well-demonstrated technology, and is sufficiently flexible to accommodate 
variable flow rates and a wide range of influent VOC concentrations.  It is also a simple 
system, requiring minimal operator assistance.  For the groundwater extraction rates 
expected at OU-4B, this technology is readily available in turnkey package systems from 
vendors who could also provide a complete service, including replacement and recycling 
of the spent GAC. 

Air Stripping.  Air stripping removes VOCs from groundwater by transfer of dissolved 
VOCs from the aqueous to the gaseous phase.  VOC removal efficiency depends on a 
combination of the physical properties of the target contaminants (notably Henry’s Law 
constant) and diffusivity in air and water, along with the configuration of the stripping 
system.  Close contact between the liquid (water) and the gas (air) in the stripping vessel 
is essential.  Packed-tower air stripping and low-profile air stripping are appropriate for 
this application because of their simplicity and the relatively low concentrations of VOCs 
expected in the extracted groundwater at former MCAS Tustin. 
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Air stripping is a well-demonstrated technology, requiring minimal operator assistance.  
TCE can be removed by air stripping, and this technology is readily available.  Air 
stripping at former MCAS Tustin would be accompanied by a second treatment process, 
such as vapor phase GAC, for removal of contaminants from the exhaust gases. 

Advanced Oxidation.  One advanced oxidation process uses ozone and hydrogen 
peroxide to create hydroxyl free radicals with extremely high oxidizing potentials.  The 
hydroxyl free radicals oxidize contaminants into nonhazardous compounds such as 
carbon dioxide and water.  Advanced oxidation is usually employed at sites with higher 
influent concentrations than those found at OU-4B sites where use of GAC or other 
treatment technologies is more costly. 

Hydraulic control via groundwater extraction is currently being conducted at nearby 
OU-1A and OU-1B.  Groundwater is being extracted, treated with GAC at two separate 
treatment system locations, and discharged to a sanitary sewer.  Groundwater extracted 
from OU-4B plume locations could be piped to these existing systems at considerably 
lower cost than those associated with construction of a new treatment system.  GAC is 
retained as an ex situ groundwater treatment option because it is currently in use treating 
groundwater from nearby OU-1A and OU-1B plumes.  Air stripping and advanced 
oxidation were eliminated from further consideration due to anticipated higher capital 
costs for design, installation, and O&M compared to using existing GAC units. 

3.2.2.7 IN SITU GROUNDWATER TREATMENT 
In situ treatment is accomplished without removing impacted groundwater from the 
geologic formation.  Biological, thermal, physical, and chemical in situ treatment options 
are evaluated in the following subsections.  The successful application of in situ 
technologies for groundwater restoration depends on the physical characteristics of the 
site.  Specifically, the hydrogeology and hydraulic characteristics of the vadose and 
saturated zones must be considered along with the concentrations of COCs present. 

The various in situ remediation technologies described in this section restore groundwater 
by destroying or removing the COCs.  These in situ processes accomplish groundwater 
restoration by adding chemicals or products that temporarily change the aquifer 
conditions in the treatment area.  Temporary changes in aquifer characteristics, such as 
localized changes in pH, ORP, sodium, or dissolved solids in groundwater, typically do 
not persist and are often insignificant compared to potential improvements in water 
quality gained by remediating the COCs. 

Four in situ remedial technologies were evaluated for remediation of contaminated 
groundwater at the OU-4B sites:  biological, thermal, physical, and chemical treatment.  
Several of these in situ technologies may be employed as part of a treatment train with 
other alternatives. 

Biological Treatment 

Biological treatment involves enhancing conditions for microbial activity in order to 
accelerate natural attenuation processes (Section 3.2.2.4).  Three process options for 
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biological treatment have been identified: enhanced ISB, biosparging, and cometobolic 
bioremediation. 

Enhanced ISB.  Enhanced ISB is a process in which indigenous or inoculated 
microorganisms degrade organic contaminants in soil and/or groundwater.  Enhanced 
anaerobic ISB is a process that accelerates natural biodegradation by providing nutrients, 
electron donors, and competent microorganisms to facilitate rapid degradation of COCs 
in reducing conditions to innocuous end products.  The type of amendment or 
biostimulation compound required to increase the rate of contaminant biotransformation, 
which may be limited by lack of required nutrients, electron donor, or electron acceptor, 
is dependent on the target metabolism for the contaminant (Battelle 2005).  
Bioaugmentation (the addition of DHE bacteria cultivated from another site that are 
capable of degrading TCE, DCE, and vinyl chloride) is expected to be necessary at 
OU-4B, based on the lack of daughter products observed at the site and microcosm study 
results (ECS 2006). 

Chlorinated hydrocarbons may undergo biodegradation by the following three pathways: 

• reductive dechlorination 

• aerobic oxidation 

• cometabolism 

Although one or all of these processes may be occurring at many sites, the reductive 
dechlorination of chlorinated ethenes appears to be the most important pathway for 
enhanced ISB.  Bench-scale and/or pilot-scale testing is important in assessing the 
efficacy of various biostimulation compounds. 

Biodegradation of chlorinated ethenes (PCE, TCE, DCE, and vinyl chloride) has been 
shown to occur in reducing environments by reductive dechlorination.  Recent research 
has shown that members of the genus Dehalococcoides are apparently solely responsible 
for biological dechlorination of chlorinated ethenes beyond DCE (Holmes et al. 2006) 
and are indigenous to many chlorinated ethene sites.  Recent molecular research has 
identified various strains including FL2, BAV-1, VS, and others.  Each strain shows 
different specificities.  For example, strain FL2 does not appear to be capable of 
degrading PCE, but metabolically dechlorinates TCE and DCE.  Strains BAV-1 and VS 
metabolically degrade DCE and vinyl chloride.  Strain BAV-1 degrades PCE and TCE 
only cometabolically.  An additional Dehalococcoides strain, CBDB1, has the ability to 
dechlorinate chlorobenzenes (Adrian et al. 2000).  The overall ability of microbial 
populations to degrade chlorinated ethenes appears to be the result of the combined 
activities of several strains of Dehalococcoides. 

When degradation is occurring, certain recurring gene sequences are present that are 
common to the identified Dehalococcoides strains.  Quantitative molecular analysis of 
active Dehalococcoides cultures by polymerase chain reaction (PCR) testing has 
identified three gene sequences of interest: tceA, vcrA, and bvcA (Lee et al. 2006).  This 
PCR testing is now available commercially and can be used to assess the capabilities of 
indigenous microbes to biodegrade specific contaminants.  Where PCR testing of gene 
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sequences indicates that the microbial population at a site may not be capable of 
degrading site contaminants, bioaugmentation would typically be performed.  This 
involves cultivating bacteria taken from another site and injecting these bacteria into the 
contaminated aquifer along with the chosen electron donor. 

Enhanced anaerobic ISB processes have been implemented through both proprietary and 
nonproprietary biostimulation compounds.  Nonproprietary applications have involved 
the use of a variety of commercially available carbon donor sources such as sodium 
lactate, molasses, and vegetable oil.  Enhanced ISB technology applications are becoming 
increasingly well documented in the literature (Koenigsberg et al. 2000, Leigh et al. 
2000, Sorenson et al. 2000, Sorenson and Ely 2001, Watts et al. 2002). 

The ISB process can generate undesirable by-products.  An ISB pilot-scale test was 
completed by the Navy in Seal Beach, California.  Biostimulation using sodium lactate 
was followed by bioaugmentation with nonindigenous bacteria in a chlorinated solvent 
plume consisting primarily of PCE.  Results indicated that the ISB process was effective 
in reducing VOC concentrations in the groundwater; however, methane, hydrogen 
sulfide, and vinyl chloride gases in the vadose zone were identified during and following 
the pilot-scale test (French et al. 2004, BEI 2004b).  Additionally, the reduced 
groundwater environment in the reactive zone may cause a temporary increase in the 
mobility of some naturally occurring metals (e.g., iron, manganese, and arsenic).  
Although these metals are more soluble under reducing conditions, migration of the 
metals out of the reactive zone is usually retarded by adsorption to the aquifer matrix 
and/or precipitation as insoluble metal oxides (ESTCP 2006).  Selenium concentrations in 
the treatment area are expected to remain consistent or decrease in response to reducing 
conditions created by enhanced ISB, because selenium is more mobile in an oxidized 
state (ITRC 2005). 

Enhanced anaerobic ISB is expected to be more effective than other biological in situ 
process options and is also expected to be effective in treating chlorinated VOCs.  Nitrate 
and sulfate can act as competing electron acceptors and inhibit the process (Yang and 
McCarty 2001).  Similar ISB processes are often used to remediate groundwater 
impacted with nitrate.  While not an objective of the remedial action, nitrate and sulfate 
concentrations are expected to be reduced in the treatment area as a result of the ISB 
process.  Review of RI sulfate data indicates sulfate concentrations are relatively high at 
former MCAS Tustin ranging up to 11,000 mg/L at IRP-6.  However, elevated sulfate 
does not prohibit the ISB process.  The microcosm study performed previously at 
IRP-5S(a) suggested that indigenous anaerobic bacteria are not capable of degrading 
chlorinated ethenes, so bioaugmentation would likely be needed (ECS 2006).  Bench- 
and/or pilot-scale testing would be conducted to determine the effectiveness of applying a 
combination of both bioaugmentation and biostimulation products. 

Electron donor enhancement promotes the anaerobic degradation of chlorinated ethenes, 
which may result in the formation of more toxic daughter products (e.g., vinyl chloride).  
Different electron donors are typically considered.  For example, sodium lactate lasts 1 to 
2 months per injection.  Polylactate ester products typically last 1 to 2 years.  Emulsified 
vegetable oil typically lasts 3 to 5 years.  The anticipated life of the injected product 
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should be considered in the remedial design.  In addition, effective delivery of the 
compound to the subsurface may be impeded by preferential microbial colonization 
adjacent to injection points, particularly in subsequent years. 

Enhanced anaerobic ISB is retained for the OU-4B low and moderate concentration sites 
as a potential component for the remedial alternatives. 

Biosparging.  Biosparging is an in situ technology in which air and nutrients (typically 
oxygen and/or nitrogen) are injected into an impacted aquifer to adjust geochemical 
conditions and promote aerobic biodegradation.  Biosparging is an enhanced form of air 
sparging.  Remediation of contaminants via biosparging can occur by two processes:  
1) phase transfer of volatile contaminants from groundwater to vapor, where they can be 
collected and treated, and 2) aerobic biological contaminant degradation processes 
enhanced by the injection of air and nutrients. 

Biosparging is most effective in addressing contaminants that are amenable to aerobic 
bioremediation (e.g., fuels).  Phase transfer of dissolved contaminants (volatilization) 
could be accomplished.  Biosparging should be effective in treating fuel hydrocarbons, 
but not chlorinated VOCs (e.g., TCE), which are the primary COCs at OU-4B.  
Biosparging is low in implementability due to difficulties in uniform air distribution in 
the heterogeneous subsurface. 

Biosparging was eliminated from further consideration due to its inability to effectively 
treat nonoxidizable chlorinated VOCs and difficulty capturing vapors in the vadose zone.  
Other more effective biological processes are available. 

Cometabolic Bioremediation.  Methane-enhanced in situ bioremediation (MEBR), also 
called “gaseous nutrient injection for in situ bioremediation” and “cometabolic 
bioremediation,” is an innovative ISB process developed by the Department of Energy at 
the Savannah River Site (SRS).  Much of the information presented in this section has 
been derived from reports associated with the full-scale demonstration of this technology 
at SRS (TtEMI 2000; Hazen 1994; DOE 1993, 1995, 1996). 

The MEBR process remediates soils and groundwater contaminated with chlorinated 
aliphatic compounds and other VOCs.  This process typically uses horizontal wells to 
inject a gas-phase cosubstrate (methane) and air below the water table to stimulate 
cometabolic destruction of halogenated aliphatic chemical contamination in the 
subsurface, including compounds such as TCE and PCE.  This destruction is achieved by 
enzyme-catalyzed reactions brought on by the methane monooxygenase enzyme of 
indigenous bacteria that uses methane as an energy source (methanotrophs).  The process 
can degrade halogenated aliphatic chemical contaminants into carbon dioxide, water, and 
chloride.  The use of horizontal wells and gas-phase nutrients provides for better contact 
between reactants and more efficient aerobic stimulation of the subsurface 
microorganisms than other bioremediation approaches (TtEMI 2000, DOE 1995). 

The process description for MEBR can be more specifically described as a process that 
involves the injection of methane and air below the water table to stimulate 
biodegradation of VOCs both above and below the water table.  Typically, a mixture of 
methane (approximately 5 percent by volume) in air is injected through a horizontal well 
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into an aquifer below the contaminant plume to stimulate growth of the indigenous 
microbial biomass above the well.  One strategy to optimize growth and biodegradation is 
pulsing the methane-air mixture; another strategy involves the injection of gaseous nitrogen 
and phosphorus compounds to act as nutrients for microbial growth (TtEMI 2000). 

The following are limitations of MEBR at OU-4B. 
• It is possible that subsurface injection of gases below the water table can induce 

groundwater flow.  In such a case, MEBR could accelerate lateral migration of 
contaminants in certain geologic settings.  If clay layers or other geologic 
features constrict vertical flow, it may be necessary to use MEBR in conjunction 
with a pump-and-treat system for hydraulic control. 

• The permeability of the soil will influence the delivery of nutrients (gases and, 
potentially, liquids) to the bacteria and affect treatment time.  Where the 
subsurface is heterogeneous, it is difficult to circulate the methane solution 
throughout every portion of the contaminated zone, and treatment times may 
be longer. 

• Where the vadose zone is shallow, short-circuiting of air from the surface into 
vapor extraction wells may occur, limiting the effectiveness of the technology 
and potentially allowing contaminant vapors to be released from the surface of 
the soil to the atmosphere. 

• Safety precautions (such as removing all ignition sources in the area) must be 
used when handling methane (TtEMI 2000). 

Cometabolic oxidation offers the potential for aerobic bioremediation without generating 
vapors that would require treatment, as is the case for air sparging and biosparging.  
However, the effectiveness of this process at OU-4B sites is uncertain.  The aquifer 
conditions (interbedded silts, sands, and clays) do not appear amenable to this process.  
Cometabolic oxidation is therefore eliminated as a potential component for remedial 
alternatives at OU-4B. 

Thermal Treatment 

Thermal treatment involves heating soil and groundwater to volatilize VOCs from pore 
spaces in the aquifer.  As the soil and groundwater are uniformly heated by thermal 
energy, volatile contaminants are stripped from the pore spaces.  This process is 
performed in conjunction with vacuum extraction or dual-phase extraction to strip 
contaminants from the aquifer and remove them by phase transfer.  Electrical resistive 
heating (ERH) was selected as the representative thermal treatment process option for 
evaluation in this FS Report. 

Electrical Resistive Heating.  ERH, also called six-phase heating, is a thermal treatment 
technique that splits conventional electricity into six electrical phases for the resistive 
heating of soil and groundwater.  Each electrical phase is delivered to one of six 
electrodes placed in a hexagonal array.  The voltage gradient between phases causes an 
electrical current to flow through soil and groundwater.  Resistivity causes the 
temperature to rise.  Six-phase heating tends to preferentially treat lower-permeability 
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layers as a result of the resistive heating process.  Pilot-scale test data are available for 
ERH, and the technology has been implemented at both pilot scale and full scale at 
IR Site 5 at former Naval Air Station Alameda (Alameda Point) in Alameda, California. 

ERH could be effective in stripping volatile contaminants.  Site-specific treatability 
studies would be necessary to render a definitive conclusion regarding the potential 
effectiveness of ERH.  This technology is typically used for dense nonaqueous-phase 
liquid (DNAPL) areas or other high-concentration source areas.  Concentrations at 
OU-4B are much lower. 

Implementability may be limited by: 
• the need to capture and treat potentially high volumes of vapor produced; 

• the shallow groundwater depth at the site, which would affect vapor collection; 

• the extensive periods of time required to heat fill material in the subsurface; 

• potential for electrical interference with operating facility instrumentation; and 

• the presence of underground utilities and process piping, buried metal objects, or 
other conductive objects that would present safety hazards. 

For OU-4B plumes, implementation would be difficult.  ERH is typically used at DNAPL 
sites, not lower concentration sites.  This technology could require high energy to heat the 
aquifer matrix and groundwater, and much higher costs than other technology options.  
For these reasons, ERH is eliminated from further consideration in this FS Report. 

Physical Treatment 

Physical treatments involve the injection of an inert gas or liquid to enhance evaporative 
processes and/or to increase soil permeability to assist in the extraction of contaminants 
or injection of nutrients.  The physical treatments considered for process options in this 
FS Report are air sparging and pneumatic fracturing. 

Air Sparging.  Air sparging involves injecting air into the saturated zone to remove 
contaminants through volatilization.  This injected air helps to flush the contaminants up 
into the unsaturated zone, where a vapor extraction system is implemented to remove the 
vapor-phase contamination.  The vapor typically requires additional treatment prior to 
discharge to the atmosphere.  The air sparging process is most effective in reducing 
concentrations in the source areas. 

Air sparging is effective only where there is sufficient permeability in both the saturated 
zone and overlying vadose zone to facilitate stripping and capture of the volatiles.  Air 
sparging is sensitive to changes in hydraulic conductivity.  Airflow through a 
heterogeneous saturated zone may not be uniform, and thus contaminant removal 
efficiency will vary.  Air sparging typically does not achieve low levels for VOC 
contamination removal unless subsurface conditions are optimal. 

Vadose zone soils at former MCAS Tustin are a heterogeneous sequence of 
predominantly fine-grained, low-permeability materials, while the soils immediately 
below the water table consist of low-permeability clays (i.e., the upper confining layer of 
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the first WBZ) across most of the facility.  Evaluation of site conditions and the 
requirements for effective deployment of air sparging at OU-4B included consideration 
of the following. 

• Once injected, the air and associated vapor-phase contaminants separated from 
the groundwater would not migrate upward to the vadose zone because an 
areally extensive clay layer overlies the permeable sand layers in the upper two 
WBZs.  This phenomenon was confirmed during a 1998 VEE pilot test at IRP-3 
(OU-1B) when air could not be induced to flow through the upper confining 
clay of the first WBZ (BNI 1999a).  With the saturated clay layer restricting 
upward air flow, the injection of air may, in fact, be detrimental, causing a 
lateral spreading of the plume in the sand layers. 

• Heterogeneity and low-permeability in the vadose zone preclude the effective 
capture of vapor-phase contaminants, even if air could be induced to flow 
through the saturated upper clay layer.  In addition, the shallow groundwater 
table at former MCAS Tustin would further complicate the design and operation 
of the soil vapor extraction system required to capture the stripped VOCs. 

It was determined that air sparging would not be effective at former MCAS Tustin and, 
therefore, this process option is eliminated from further consideration. 

Soil Fracturing.  This process creates an artificial network of fractures to introduce 
beneficial reactants into the subsurface.  Fractures are propagated by forcing fluid into the 
subsurface at a flow rate and pressure that exceed the ability of the formation to receive 
the fluid.  Two main categories of fracturing technologies include pneumatic and 
hydraulic fracturing.  Pneumatic fracturing involves injecting high pressure air down a 
borehole or specially designed well to create subsurface fractures.  Hydraulic fracturing 
involves injecting high-pressure water, slurry, or other liquid reagents down a borehole 
under sufficiently high pressure to create subsurface fractures. 

The principal uses of soil fracturing are to increase the effective permeability of the 
geologic formation being treated and/or to distribute treatment reagents throughout the 
aquifer.  This technique would have applications at former MCAS Tustin where the 
subsurface is predominately fine-grained (e.g., clay and silt).  In formations dominated by 
clay and silt, movement of liquids and vapors is diffusion-controlled and, therefore, 
occurs rather slowly.  Advection increases and diffusive paths become shortened by 
creating a network of artificial fractures in the formation via soil fracturing.  This results 
in better lateral distribution of reagents and, thus, quicker treatment of contaminants and 
access to pockets of contamination that could not otherwise be reached. 

A temporary increase in formation permeability is accompanied by an increase of the 
radius of influence of treatment wells and/or injection points, thereby reducing the 
number of wells or points required.  Fracturing also makes soil behave more 
homogeneously, causing pressure gradients to be more uniform throughout the formation.  
Uniform pressure gradients allow for more operational control of the remediation 
process.  However, a concern with soil fracturing is the potential increase in mobility of 
contaminants, both laterally and vertically (typically upward). 
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Costs for soil fracturing would be low because it would likely be performed at the same 
time as ISCO or ISB injection.  For these reasons, soil fracturing is retained as a support 
technology for OU-4B remedial alternatives. 

Chemical Treatment 

Chemical treatment of VOCs in groundwater involves injecting chemical reagents into 
contaminated groundwater to chemically destroy contaminants, thus creating nontoxic 
compounds.  Chemical treatments considered process options in this FS Report include 
permeable reactive barriers (PRBs), ozone sparging, microscale iron injection, and ISCO. 

Permeable Reactive Barriers.  This process is a passive remedial technology in which a 
wall of reactive materials is installed across the flow path of a plume to destroy dissolved 
contaminants in groundwater.  The PRB is typically placed near the leading edge of the 
plume or at the property line to prevent further downgradient migration of untreated 
contaminated groundwater.  Materials such as mushroom compost, ISB enhancement 
products, or zero-valent iron (ZVI) are used to make up the PRB.  For purposes of this FS 
Report, ISB enhancement products are assumed to be the reactive material used for this 
process option.  The ISB products serve both to lower the redox potential of the 
groundwater and serve as the electron donor in the VOC degradation reaction, two 
conditions necessary for reductive dehalogenation at OU-4B sites.  The process has 
been developed and marketed by several vendors. 

PRBs may be constructed as a single element or in conjunction with vertical barriers such 
as slurry walls or sheet piling in a “funnel-and-gate” configuration.  Because the 
funnel-and-gate configuration can alter groundwater flow patterns, a highly undesirable 
impact, it will not be considered further for OU-4B sites.  As a single element, a PRB 
could be constructed using a continuous trenching machine or specialized injection 
techniques.  The precise configuration of a permeable reaction wall for any given 
application depends on hydrogeology, plume geometry, and other site-specific 
considerations. 

The introduction of ISB products (and specialty bacteria, as needed) into the subsurface 
accelerates chemical reduction of chlorinated VOCs.  PRBs are considered an effective 
means of implementing ISB, and conditions at OU-4B sites are generally well-suited for 
PRB application.  Based on these considerations, PRBs are retained for further 
consideration for moderate concentration sites and eliminated for low concentration sites 
evaluated in this FS Report. 

Ozone Sparging.  Ozonated compressed air is injected into the reactive zone.  Ozone can 
oxidize organic contaminants by direct oxidation in addition to the oxidation by free 
hydroxyl radicals, which are produced during ozone decomposition.  While ozone 
sparging may be considered a form of ISCO, it is evaluated here separately because of 
differences in oxidant distribution. 

Ozone as a direct oxidant is the third strongest oxidant after fluorine and a hydroxyl 
radical (Suthersan 1997).  Its high oxidation potential makes ozone effective on a wide 
range of VOCs.  Ozone reactions are most effective in systems with acidic (low) pH.  
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In situ decomposition of the ozone can lead to beneficial oxygenation and aerobic 
biostimulation (FRTR 2007).  It can be applied in conjunction with other oxidants such as 
hydrogen peroxide.  By-products of the ozone reaction include dissolved oxygen and 
water.  The generation of dissolved oxygen can also aid in aerobic biodegradation. 

An ozone sparging system generally consists of four system components:  a power source 
or ozone generator, a gas source, an ozone delivery system, and an off-gas destruction 
system.  The gas source may be air, high-purity oxygen, or a combination of the two.  
Implementability of this system would be similar to that of air sparging, discussed 
previously. 

Ozone has a short half-life, so the effectiveness of ozone sparging in the heterogeneous, 
low permeable subsurface found at former MCAS Tustin would be limited.  In addition, 
ozone is toxic, and would therefore create safety and health concerns.  Based on these 
factors, ozone sparging is eliminated from further consideration in this FS Report. 

Microscale Zero-Valent Iron Injection.  This in situ technology is similar to PRBs that 
utilize ZVI.  Microscale ZVI utilizes an iron powder that acts as a “sponge” iron; it is 
distributed as a slurry via temporary wellpoints because of its small particle size 
(40 microns) and porosity. 

The introduction of ZVI into the subsurface facilitates the destruction of chlorinated 
hydrocarbons through reductive dechlorination and hydrogenation, which involves direct 
electron transfer from the ZVI to the chlorinated VOCs.  This mechanism is driven by the 
oxidation of iron from the zero valent state to the ferrous iron state.  In reductive 
dechlorination, the electrons produced during the oxidation of iron reduce the contaminant 
to its daughter product, then to vinyl chloride, and eventually to ethene and ethane. 

ZVI is injected as an atomized liquid and/or a slurry of reactive ZVI powder into a 
targeted contamination source area.  The success of the ZVI injection in destroying 
chlorinated VOCs depends on the ability of the system to disperse ZVI into the treatment 
zone.  In low-permeability formations, pneumatic or hydraulic fracturing is typically 
employed as a mechanism to maximize dispersal of the ZVI slurry or liquid reagents in 
the treatment zone.  The fracturing allows for increased contact between the ZVI and the 
contaminants.  The particular form of ZVI and the fracturing process would be 
determined during the remedial design. 

The Ferox process was chosen as the representative delivery mechanism for evaluation of 
ZVI injection.  Ferox injection is a patented technology for in situ subsurface remediation 
of chlorinated VOCs.  The general treatment process involves the injection (at a delivery 
pressure of up to 1,000 pounds per square inch or more) of ZVI powder in a grid pattern 
into a targeted contamination source area.  The ZVI powder is suspended in potable water 
to create a high-density slurry and injected using nitrogen gas as a carrier fluid.  The 
success of the Ferox injection in destroying chlorinated VOCs depends on the ability of 
the system to disperse ZVI into the treatment zone.  Pneumatic fracturing is often 
conducted as a first step to maximize ZVI dispersal in the treatment zone.  ZVI treats 
adsorbed contaminants bound to soil, including those in the contaminant source area.  
Generally, the shallower the aquifer and the higher the permeability, the smaller the 
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radius of influence from the injection point.  The presence of buildings or underground 
utilities could also complicate injection and influence the distribution of the ZVI. 

A Ferox injection technology demonstration was conducted by the Navy at Remedial 
Unit C4 in Parcel C at Hunters Point Shipyard in San Francisco, California.  ZVI was 
injected into a test area with TCE concentrations as high as 88,000 μg/L in groundwater.  
Based on 12 weeks of groundwater monitoring results following ZVI injection, the 
reduction of TCE, the predominant contaminant, to ethene and chloride was rapid and 
nearly complete (a reduction of 99.2 percent within the treatment zone) (TtEMI 2003).  
The lifetime of the microscale iron has not been fully evaluated, but based on field 
applications to date, the iron would be effective for at least 2 to 3 years. 

Bench-scale tests conducted for installation of PRBs at former MCAS Tustin indicate that 
ZVI could be effective in the reductive dechlorination of VOCs at OU-4B sites.  
Adequate distribution of the ZVI could be facilitated through the use of pneumatic 
fracturing.  However, ZVI has been used primarily in PRBs (see previous discussion) or 
as a source area treatment for very high concentrations of VOCs, and its effectiveness for 
dilute plumes such as those at OU-4B is not known.  Therefore, microscale ZVI injection 
as a source area treatment is eliminated from further consideration in this FS Report. 

In Situ Chemical Oxidation.  This process involves injection of chemical reagents into 
contaminated groundwater, chemically oxidizing (destroying) organic contaminants to 
water, carbon dioxide, and chloride.  Several different ISCO reagents are available, all of 
which seek to oxidize organic contaminants in situ.  Examples of reagents used for these 
processes include permanganate (MnO4

-), activated persulfate (S2O8
-2), Fenton’s reagent 

(hydrogen peroxide [H2O2] and ferrous iron [Fe+2]), modified Fenton’s process, 
percarbonate with peroxide, and ozone (discussed above). 

ISCO is potentially applicable to all COCs at OU-4B.  Each oxidant has unique 
advantages and disadvantages depending on contaminant type, geology, and other 
factors.  By design, ISCO creates strongly oxidizing conditions that destroy the COCs.  
These oxidizing conditions can mobilize some metals such as chromium, iron and 
selenium (ITRC 2005).  Potential mobilization can be evaluated during bench- and pilot-
scale testing of ISCO.  Descriptions of several ISCO oxidants are provided below. 

Permanganate.  Two common forms of permanganate are used:  potassium permanganate 
and sodium permanganate.  The potential for higher oxidant concentrations in liquid 
sodium permanganate solutions gives more flexibility in the design of the injection 
volume, and the dusting hazards associated with dry potassium permanganate solids are 
eliminated.  By-products from the reaction include carbon dioxide, manganese dioxide 
solids, potassium/sodium, and chloride.  These by-products are nontoxic in the 
subsurface. 

Permanganate has been shown to be effective in treating dissolved chlorinated ethenes, 
including TCE and DCE.  Because permanganate, like all oxidants, is nonselective, it 
also can oxidize natural organic matter (NOM) present in the soil.  Since organic 
contaminants sorb to NOM in the soil matrix, they can be released to a moderate extent 
as the NOM is oxidized by the permanganate.  The application rate and the total mass 
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introduced must be balanced with the subsurface oxidizable material.  The viability of 
applying permanganate depends on the extent of contamination, the contaminant oxidant 
demand, the presence of competing naturally reduced materials, and treatment goals.  
These parameters are usually assessed as part of a pilot testing program.  Poor 
performance of permanganate is often attributed to injection of a volume of oxidant that 
is inadequate to contact the entire target zone, poor uniformity of oxidant delivery caused 
by low-permeability zones and subsurface heterogeneity, excessive oxidant consumption 
by natural subsurface materials, and/or the presence of DNAPL or sorbed contaminants.  
The generation of a manganese dioxide precipitate in soil through permanganate 
treatment can reduce permeability and limit effectiveness of future injections and other 
remedial actions. 

Permanganate is more stable than other oxidants in the subsurface and, unlike other 
oxidants, can persist in groundwater for months.  This stability allows more time for its 
diffusion into fine-grained soils such as those present at former MCAS Tustin.  The 
longer stability time allows greater spacing of injection points, which would reduce costs.  
In addition, it does not create as much gas or heat in the subsurface as other oxidants, 
thereby reducing safety and health issues. 

Activated Persulfate.  Persulfate salts dissociate in water to persulfate anions, which, 
although strong oxidants, are kinetically slow in destroying many organic contaminants.  
For ISCO applications, the most common salt used is sodium persulfate.  Potassium 
persulfate generally is not used as an ISCO reagent because it has a lower solubility in 
water.  Activated persulfate produces a sulfate radical (SO4

-•), which is a more powerful 
oxidant than hydrogen peroxide, permanganate, or ozone.  Only the hydroxyl free radical 
(OH•) is stronger.  Persulfate must be activated following injection by the addition of 
heat, hydrogen peroxide, metal chelates (ferrous salt), or alkaline material (e.g., sodium 
hydroxide).  The sulfate radical is produced as a result of activation. 

Oxidation of VOCs in groundwater with activated persulfate also has the potential to 
lower the pH (or, if hydroxide activation is used, raise the pH).  This temporary pH 
change mobilizes metals present in the soil.  The persulfate anion interaction with NOM 
has been observed to be limited and much lower than that for peroxide or permanganate.  
However, the presence of high concentrations of chloride, carbonate, and bicarbonate 
ions in groundwater can reduce persulfate effectiveness.  During ISCO treatment using 
persulfate, sulfate concentrations typically will increase. 

Fenton’s Reagent.  Hydrogen peroxide alone is an oxidant, but at low concentrations 
(< 0.1 percent), it is not kinetically fast enough to degrade many organic contaminants 
before decomposition occurs.  However, the addition of a ferrous salt dramatically 
increases the oxidative strength of peroxide.  Hydrogen peroxide and ferrous iron catalyst 
injected together (known as Fenton’s reagent) generates a hydroxyl radical that is a very 
active oxidizing agent.  The suite of reactions associated with Fenton’s reagent is 
complex and very effective at destroying many organic compounds dissolved in 
groundwater, sorbed to soil particles, or existing as nonaqueous-phase liquids in 
subsurface environments. 
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The hydroxyl radical generated by the Fenton’s reagent is a powerful, nonselective 
oxidant.  The oxidation of an organic compound by Fenton’s reagent is a rapid and 
exothermic (heat-producing) reaction that is generally completed within minutes.  The 
end products of oxidation are primarily innocuous carbon dioxide, water and chloride ion.  
Unconsumed hydrogen peroxide naturally degrades to oxygen and water after injection. 

The traditional Fenton’s reagent approach requires acidification of the aquifer, typically 
with sulfuric acid, to keep the iron catalyst in solution.  Hence, the buffering capacity of 
the aquifer substrate and groundwater is an important design consideration for ISCO 
using traditional Fenton’s reagent.  Dissolved carbonates in highly buffered systems tend 
to consume the oxidant (hydroxyl radical).  Traditional Fenton’s oxidation is generally less 
effective and less implementable for alkalinity levels above 500 mg/L than for lower 
levels.  Traditional Fenton’s reagent causes significant temperature and pressure 
gradients in the aquifer during treatment, and has the potential to mobilize metals.  The 
modified Fenton’s process (below) is anticipated to be as effective with little or no metals 
mobilization.  Therefore, traditional Fenton’s reagent is eliminated from consideration in 
this FS Report. 

Modified Fenton’s Process.  Any deviation from the traditional low-concentration 
hydrogen peroxide/iron mixture is known as a modified Fenton’s system.  This system 
includes the use of higher concentrations of hydrogen peroxide or calcium peroxide, with 
or without chelating agents.  The chemical reactions associated with this type of system 
are more complex than traditional Fenton’s chemistry.  The modified Fenton’s process 
uses proprietary chelated-iron catalysts and stabilized hydrogen peroxide that were 
developed with the goal of improving on the traditional Fenton’s process.  The greatest 
advantage of the modified Fenton’s process is that it is accomplished without altering the 
groundwater pH and without producing a significant rise in groundwater temperature 
(typically an increase of no more than 2 degrees Celsius).  This advantage not only extends 
the longevity of the oxidant, but also minimizes the mobilization of metals from the aquifer 
matrix (Haskins 2006). 

This ISCO process option can oxidize a wide range of VOCs, including chlorinated 
ethenes.  Its effectiveness in oxidizing VOCs has been widely studied and confirmed.  
However, since hydrogen peroxide has a relatively short half-life, this technology 
would require closely spaced injection points and would not allow sufficient time for 
diffusion into fine-grained soils. 

The Navy has used the modified Fenton’s process fairly extensively at Alameda Point for 
sites with chlorinated ethenes in shallow groundwater.  The Navy’s experience with these 
sites indicates that the modified Fenton’s system is generally applicable to sites with 
higher VOC concentrations than those found at OU-4B sites.  Follow-on remedial 
actions, such as ISB and/or MNA, may be required in order to reach MCLs. 

Sodium Percarbonate.  Another ISCO option is a proprietary mixture utilizing percarbonate 
called RegenOx.  According to the manufacturer (Regenesis), RegenOx is an advanced 
ISCO technology designed to treat organic chemicals, including those in high concentration 
source areas in the saturated and vadose zones.  RegenOx maximizes in situ performance 
using a solid alkaline oxidant that employs a sodium percarbonate complex containing 
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peroxide.  Once in the subsurface, the combined product produces an effective oxidation 
reaction comparable to that of Fenton’s reagent without a violent exothermic reaction.  
RegenOx is reportedly effective in treating TPH, PAHs (e.g., naphthalene), and chlorinated 
hydrocarbons (Regenesis n.d.).  RegenOx is reportedly better in source zones with 
concentrations above 10 parts per million, which is higher than the VOC concentrations 
requiring treatment at OU-4B. 

Effectiveness and Implementability of ISCO at OU-4B Sites.  The effectiveness of ISCO 
depends on the appropriate dosing of the oxidant, effective distribution of the reagents in 
the treatment zone, and the reactivity of a particular oxidant with the contaminants 
present.  Failure to account for subsurface heterogeneities or preferential flow paths can 
cause an uneven distribution of the oxidant, resulting in pockets of untreated 
contaminants.  The effectiveness of ISCO at OU-4B sites would need to be determined 
through pilot testing.  The applied reagents also consume NOM in the soil, some of 
which has sorbed contaminants.  The optimal oxidant loading, including both target and 
nontarget compounds, is determined before injection.  Within the ISCO treatment zone, 
changes in oxidation states and/or pH may result in temporary mobilization of metals. 

Implementability of ISCO is dependent on several factors, including aquifer 
heterogeneity and interferences from formation materials.  Aquifer heterogeneity may 
adversely affect delivery of reagents for all retained ISCO process options.  Problems 
with aquifer heterogeneity could be reduced through coupling the ISCO injection with 
soil fracturing.  Interferences from or reactions with formation materials (carbonates, 
total organic carbon, and TDS) could result in higher reagent usage and increased costs.  
In environments where carbonate soil minerals or alkaline conditions are prevalent, 
vigorous reactions may occur between the carbonate and acid species. 

Some of the potential disadvantages of ISCO include concentration rebound (higher 
concentrations of VOCs after ISCO), surfacing of chemicals during injections, 
consumption of oxidant by nontarget organic compounds such as MTBE or petroleum 
hydrocarbons, and risks associated with handling of chemical reagents used in the ISCO 
process.  However, if rebound in VOC concentrations is observed, it is typically a result 
of desorption of VOCs from the aquifer, and significant reductions in VOC mass still 
would have been accomplished.  Other disadvantages described above can be overcome 
readily with bench- and pilot-scale testing and proper application of the ISCO 
technology. 

ISCO has been shown to reduce a wide range of VOCs to nontoxic compounds.  When 
coupled with a process such as soil fracturing, the effectiveness of ISCO would be 
increased.  In addition, most ISCO process options (except permanganate) may be used 
effectively in conjunction with other technologies as part of a site-closure strategy.  ISCO 
has been used to supplement pump and treat systems, air sparging/soil vapor extraction, 
MNA, and in situ aerobic biodegradation technology applications.  ISCO also breaks 
down NOM, making it more available to anaerobic bacteria.  Although ISCO is typically 
utilized for higher concentration areas and source zones, information provided by vendors 
indicates that it may be an effective option for OU-4B sites.  Based on these 
considerations, all process options for ISCO except traditional Fenton’s reagent are 
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retained for further consideration in this FS Report.  If this process option is selected, 
pilot testing would be conducted and the final ISCO chemistry would be developed in the 
remedial design stage. 

3.2.2.8 GROUNDWATER DISCHARGE (DISPOSAL) 
Groundwater extracted during hydraulic containment at former MCAS Tustin must be 
discharged.  There are disposal options for both treated and untreated groundwater.  
Treated groundwater could be reinjected or discharged, with discharge options including 
sanitary sewer and storm drains on-site.  Untreated groundwater could also be transported 
to an off-site facility for treatment and disposal. 

Reinjection 

With reinjection, treated groundwater is injected and/or infiltrated upgradient of the 
OU-4B sites back into the ground.  The effectiveness of reinjection/infiltration over the 
long term at OU-4B would depend on the capacity of the aquifer to receive the effluent 
and the duration of the injection.  Construction of reinjection wells would be 
straightforward. 

In addition to reinjection wells, another common method of groundwater recharge is use 
of infiltration basins/galleries.  Infiltration galleries consist of an engineered structure that 
facilitates infiltration of water into the subsurface.  The effectiveness of infiltration would 
depend on flow rates, percolation rates, and availability of land over the long term.  
Because the existing groundwater treatment system is already permitted and discharges to 
a sanitary sewer, an infiltration gallery is not considered a cost-effective option for 
disposal of groundwater at OU-4B.  Reinjection is not considered further as a process 
option for disposal of extracted groundwater because of high cost and low 
implementability. 

Groundwater Discharge 

For discharge of groundwater extracted from OU-4B sites, the most easily implementable 
option would be to transport extracted groundwater to systems installed at OU-1A and 
OU-1B for treatment and discharge.  Discharge to the OCSD sanitary sewer system was 
implemented as the selected disposal option for treated groundwater at OU-1A and 
OU-1B (ERRG 2007). 

Discharge to Peters Canyon Channel through a storm drain was originally identified in 
the OU-1A and OU-1B final RODs as the selected disposal option for groundwater 
treated by GAC systems at these sites (SWDIV 2004a,b).  However, the RWQCB issued 
updated discharge limits for selenium, nitrogen, and TDS for NPDES permits throughout 
the San Diego Creek/Newport Bay watershed, which includes former MCAS Tustin 
(RWQCB 2006).  The updated discharge limits are below the background concentrations 
of these constituents at OU-4B, so additional treatment would be required by the Navy to 
remove these constituents prior to discharge.  As a result, the Navy conducted a study of 
disposal options and concluded that discharge to the OCSD sanitary sewer system was 
the preferred disposal method, primarily because this option did not require additional 
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treatment, and sewer connections near OU-1A and OU-B collection points were planned 
for the site by the IRWD. 

Other potential discharge options for treated water identified during the OU-1A and 
OU-1B FSs included discharge to storm drains and off-site disposal.  These options were 
not considered further as long-term discharge options because of the presence of existing 
discharge connections to the sewer for the OU-1A and OU-1B systems.  Off-site disposal 
may be employed for small amounts of extracted groundwater only (e.g., from 
groundwater monitoring).  Discharge of extracted groundwater to a sanitary sewer is 
retained for further consideration in this FS Report. 

3.2.2.9 SCREENING RESULTS FOR GROUNDWATER 
Table 3-3 lists the technologies retained for consideration in the development of remedial 
alternatives for VOC-contaminated groundwater at OU-4B.  Several retained 
technologies may be combined for use at individual plumes.  For example, moderate 
concentration plumes may be treated first by ISCO, followed by ISB, and then MNA, 
with ICs in place until groundwater meets remedial goals.  Alternatives are presented in 
Section 4 of this FS Report.  The results of the screening process can be summarized as 
follows. 

• Thirteen remedial technologies involving 30 process options were screened for 
the collection, treatment, and disposal of contaminated groundwater. 

• Three remedial technologies and 20 process options were eliminated from further 
consideration based on limited effectiveness, implementability, or a finding that 
equivalent results could be obtained using a lower cost process option. 

• Support technologies, defined as those that would not meet response objectives 
when applied individually, but could be valuable when combined with other 
technologies, were retained. 



Table 3-3 
Summary of Retained Remedial Technologies and  

Process Options for OU-4B Groundwater 

General Response Action Remedial Technology Process Options 

No action None None 

Institutional controls Institutional controls Legal and administrative mechanisms 

Monitoring Groundwater monitoring Groundwater sampling and analysis 

MNA MNA Groundwater sampling and analysis, 
natural attenuation monitoring 

Containment Hydraulic control Groundwater extraction  

In situ treatment Biological treatment 
Thermal treatment 
Physical treatment 
Chemical treatment 

Enhanced ISB 
Electrical resistive heating 
Soil fracturing 
Permeable reactive barrier, ISCO 

Groundwater discharge (disposal) Groundwater discharge Sanitary sewer, off-site disposal 

Acronyms/Abbreviations: 
ISB – in situ bioremediation 
ISCO – in situ chemical oxidation 
MNA – monitored natural attenuation 
OU – operable unit 

09/10/08 7:43 AM sam cto062\ou-4b fs\table 3-3.doc page 1 of 1 
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Typically, under U.S. EPA guidance for conducting an RI/FS (U.S. EPA 1988b) at a site 
with interacting media (e.g., soil being a primary source of groundwater contamination), 
media-specific remedial alternatives are combined into sitewide alternatives, resulting in 
considerably more potential remedial alternatives to be evaluated.  At the OU-4B sites, 
interactions between soil and groundwater in relation to the current nature and extent of 
contamination appear to be limited, and contaminants in soil have been found not to pose 
an unacceptable risk to human health and the environment; therefore, only groundwater 
remedial alternatives are presented and evaluated in this FS Report. 

Alternatives to address VOC-affected groundwater at OU-4B were developed in light of 
the individual site conditions, statutory requirements, and the RAOs presented in Section 2.  
The development of alternatives also considered the following site-specific factors: the 
age of the individual OU-4B plumes (ranging from at least 20 to over 40 years), the 
observation that VOC concentrations in general are declining at OU-4B sites, and 
modeling results indicating that the plumes appear to be stable.  However, recent 
groundwater monitoring results at the MPA indicate slightly increasing TCE 
concentrations at the leading edge of the first WBZ plume, suggesting some amount of 
plume migration is occurring at this site (Brown and Caldwell 2007). 

The selected remedies for each area will support the restoration program for former 
MCAS Tustin.  In addition, consideration was given to the following criteria that must be 
addressed in this FS Report and the ROD to support the eventual selection of preferred 
remedial actions for OU-4B sites (U.S. EPA 1988b). 

• Be protective of human health and the environment. 

• Meet chemical-specific ARARs, and be consistent with location- and action-
specific ARARs. 

• Be cost effective. 

• Use permanent solutions and alternative treatment and/or resource recovery 
technologies to the maximum extent practicable. 

• Satisfy the preference for treatment as a principal element of the remedial action 
to reduce the toxicity, mobility, or volume of contaminants. 

This FS Report also includes alternatives that do not involve treatment.  In these cases, 
human health would be protected by ICs that prevent or control exposure to site-related 
contaminants. 

4.2 REMEDIAL ALTERNATIVES FOR OU-4B 
Table 4-1 summarizes the components, supporting rationale, and performance objectives 
of the following remedial alternatives developed to address VOC-affected groundwater at 
OU-4B sites: 

1. Alternative 1 – no action 

2. Alternative 2 – ICs 

3. Alternative 3 – MNA/ICs 
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4. Alternative 4 – ISB/MNA/ICs 

5. Alternative 5 – ISCO/ISB/MNA/ICs 

6. Alternative 6 – hydraulic control/MNA/ICs 

Groundwater at former MCAS Tustin is not currently used for domestic purposes, and it 
is considered unlikely that a domestic groundwater use pathway will develop in the future 
because the public water supply in the City of Tustin is provided by the Orange County 
Water District.  However, one of the RWQCB’s beneficial use designations for 
groundwater at OU-4B is municipal drinking water supply.  Therefore, the remediation 
goals described in Section 2 are based on drinking water standards (MCLs). 

The remainder of this section describes major components of each alternative and the 
rationales for their inclusion in the alternatives.  Section 4.3 discusses the screening of the 
remedial alternatives that will be carried into Section 5.  Section 5 develops each 
alternative further, presenting a detailed analysis of the alternatives using the NCP 
evaluation criteria. 

4.2.1 Alternative 1 – No Action 
The no action alternative (Alternative 1) is included in this FS Report to serve as a 
baseline against which other alternatives are compared.  Evaluation of the no action 
alternative is required under CERCLA.  This alternative would involve NFA at the 
OU-4B sites.  It would not include groundwater monitoring.  This alternative may present 
risk to human health and the environment due to the absence of an engineered response 
or ICs to address OU-4B groundwater contamination. 

4.2.2 Alternative 2 – ICs 
Alternative 2 would rely on ICs to:  1) prevent domestic use of groundwater at OU-4B 
sites by prohibiting installation of groundwater supply wells, and 2) maintain the integrity 
of the remedial action until remediation goals have been achieved.  Periodic groundwater 
monitoring and sampling would be performed to track progress toward remediation.  This 
alternative assumes that natural processes will continue to reduce VOC concentrations in 
groundwater.  ICs would also prohibit actions that would interfere with groundwater 
monitoring activities. 

As part of the remedial design for this alternative, a predesign groundwater investigation 
would be performed for the purposes of further delineating each plume, evaluating 
current well locations, and locating new monitoring wells, as necessary.  New monitoring 
wells would be installed at each plume for which this alternative is selected to verify the 
extent of VOCs in groundwater at concentrations above remediation goals.  The current 
interpreted extent of VOCs above remediation goals in each plume area is based largely 
on grab groundwater samples, which tend to bias groundwater analytical results upward.  
During the remedial design phase, groundwater monitoring data collected to date would 
be evaluated with respect to groundwater modeling results presented in this FS Report, 
and additional modeling would be conducted as necessary to support the remedial design.  
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The final determination of IC areas at each plume area would be determined during the 
remedial design stage based on interpretation of groundwater monitoring results. 

Groundwater would be sampled periodically under Alternative 2 to assess whether ICs 
are still necessary.  A limited groundwater sampling program, which would include 
periodic reviews, would be designed and implemented to provide information about 
groundwater concentrations for comparison to remediation goals.  ICs would remain in 
place until sampling results indicate that the concentrations in groundwater were reduced 
to the remediation goals. 

ICs would be put in place to: 
• prohibit the installation of new groundwater supply wells and extraction of 

groundwater unless approved in writing by the Navy and regulatory agencies, 

• allow the Navy and its contractors access to site(s) and components of the 
remedy, and 

• prohibit the alteration, disturbance, or removal of groundwater monitoring and 
remediation systems (as applicable) without written approval from the Navy. 

Five-year reviews would be conducted to evaluate the protectiveness of the alternative.  
For costing purposes, ICs were assumed to be in place for 10 years for the three low 
concentration sites (IRP-11, IRP-13W, and MMS-04) and 30 years for the three moderate 
concentration sites.  Please refer to Section 4.2.3 for a summary of individual plumes and 
predicted future concentration trends. 

4.2.3 Alternative 3 – MNA/ICs 
Alternative 3 is similar to Alternative 2, the only difference being a more expanded 
monitoring program, which includes regular sampling for VOCs and natural attenuation 
parameters.  This alternative would not entail any engineered response actions to treat or 
prevent migration of contaminant plumes at the OU-4B sites.  It would employ the same 
ICs described for Alternative 2 (Section 4.2.2) to prevent domestic use of groundwater at 
OU-4B sites and protect and allow access to components of the remedy. 

The same predesign groundwater investigation and monitoring well installation described 
above for Alternative 2 would be included for this alternative.  In addition, Alternative 3 
would include development and implementation of a groundwater monitoring program, 
including testing for natural attenuation parameters.  Results would be used to track 
plume stability, concentration trends, and VOC migration to support future evaluations of 
the protectiveness of natural attenuation processes.  During the remedial design phase, 
groundwater monitoring data collected to date would be evaluated with respect to 
groundwater modeling results presented in this FS Report, and additional modeling 
would be conducted as necessary to support the remedial design. 

The monitoring program would be reviewed and optimized regularly, in accordance with 
Navy policy, to reduce monitoring costs to the extent feasible while still accomplishing 
monitoring program objectives.  MNA monitoring programs typically include an 
extensive list of MNA parameters (e.g., sulfate, nitrate, TDS, dissolved gases), many of 
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which would not require testing at each monitoring event.  After the first year of 
monitoring has been completed, and annually thereafter, the Navy would review the 
sampling frequency and list of analyses for each well in an effort to optimize monitoring 
program costs. 

Alternative 3 is based on the following assumptions. 
• Naturally occurring processes in the subsurface at former MCAS Tustin will 

continue to reduce contaminant concentrations. 

• Contaminant migration in the subsurface is limited, and primarily horizontal. 

• VOC-affected groundwater in the first WBZ does not threaten deeper (second or 
third) WBZs.  VOC-affected groundwater in the second WBZ at the MPA does 
not threaten the third WBZ or the underlying regional aquifer. 

• Plumes can be readily tracked, and the extent of future MCL exceedances 
reliably predicted. 

Dissolved oxygen and ORP measurements from recent groundwater monitoring events 
(Brown and Caldwell 2007) generally indicate aerobic conditions in first WBZ 
groundwater.  These measurements, coupled with the absence of TCE daughter products 
(cis-1,2-DCE and vinyl chloride), indicate that anaerobic biodegradation of TCE is not a 
dominant attenuation process.  Data on anaerobic biodegradation were collected during 
the microcosm study at IRP-5S(a).  The results indicated that indigenous anaerobes at 
IRP-5S(a) would not degrade significant amounts of TCE or DCE in an anaerobic 
environment (ECS 2007).  However, intrinsic aerobic cometabolism and other processes 
appear to be occurring to reduce VOC concentrations.  Thus, other attenuation processes 
would likely dominate at OU-4B sites.  Natural attenuation mechanisms that are assumed 
to be active at OU-4B sites under this MNA alternative include aerobic cometabolism, 
adsorption, dispersion, volatilization, diffusion, and dilution. 

Therefore, the most conservative approach (assuming no biodegradation) was used for 
groundwater modeling conducted for the RI (BNI 1997b) and for this FS.  Groundwater 
modeling results obtained for low concentration sites indicate that under MNA, 
VOC-affected groundwater would not migrate beyond the areas of attainment at 
concentrations exceeding remediation goals.  For moderate concentration sites, 
groundwater modeling results suggest that plume migration would be limited, and natural 
attenuation would result in significant reductions in VOC concentrations. 

VOCs in groundwater from the MPA also are not expected to migrate beyond areas of 
attainment at concentrations exceeding remediation goals.  VOCs in groundwater 
samples from several monitoring wells at IRP-5S(a) indicate that this plume extends 
beyond the Navy property boundary at concentrations exceeding MCLs.  At IRP-6, 
groundwater samples collected from temporary monitoring wells do not indicate off-site 
groundwater impacts exceeding MCLs (BEI 2008), and modeling results indicate that the 
main IRP-6 plume will not migrate beyond the area of attainment at concentrations 
exceeding remediation goals.  Areas of attainment at OU-4B, described in Section 2.8, 
are defined as the carve-out areas for Navy-owned property, and current plume 
boundaries for non-Navy property (i.e., IRP-5S[a]). 
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4.2.4 Alternative 4 – ISB/MNA/ICs 
Alternative 4 is included to evaluate the feasibility of accelerating the reduction of 
contaminant mass using enhanced anaerobic ISB at OU-4B sites.  This alternative would 
also include groundwater monitoring for VOCs and natural attenuation parameters to 
evaluate the efficiency of the remedy after ISB treatment.  The same ICs described for 
Alternatives 2 and 3 would be implemented to prevent domestic use of groundwater at 
OU-4B sites and protect and allow access to components of the remedy. 

A predesign groundwater investigation and monitoring well installation (similar to that 
described for Alternatives 2 and 3 in Section 4.2.2) would be included for this alternative.  
Monitoring wells would be used to track the performance of the ISB component of the 
remedy and track the progress of MNA after completion of ISB.  Performance objectives, 
optimization strategy, and criteria for determining transition from ISB to MNA would be 
developed at the remedial design phase using methodology recommended in the Radian 
guidance document (Radian 2001).  During the remedial design phase, groundwater 
monitoring data collected to date would be evaluated with respect to groundwater 
modeling results presented in this FS Report, and additional modeling would be 
conducted as necessary to support the remedial design. 

Under Alternative 4, a biostimulation compound such as emulsified vegetable oil or 
another proprietary agent would be used to accelerate the biodegradation of VOCs.  
Based on microcosm study results (ECS 2006), bioaugmentation is assumed to be 
performed in each area for which this alternative is selected using a commercially 
available strain of DHE bacteria.  The DHE bacteria cultures are available from several 
vendors including but not limited to SiRem Labs, Terra Systems, and EOS Remediation.  
A bioaugmentation culture is typically harvested from another chlorinated solvent site 
where a robust population of DHE bacteria is capable of degrading a wide range of 
chlorinated compounds, particularly chlorinated ethenes. 

The bioaugmentation and biostimulation compounds would be injected via direct-push 
methods in rows to create PRBs or in a grid pattern to initiate rapid reductive 
dechlorination.  Groundwater monitoring and periodic reviews would then be used to 
assess the progress of the ISB process toward remediation goals. 

Prior to selecting the biostimulation compound and bioaugmentation culture, bench- and 
pilot-scale testing would be performed to confirm the effectiveness of enhanced ISB at 
the OU-4B sites and collect key design parameters for full-scale implementation.  Design 
details such as effectiveness of different electron donor materials, dose of injected 
biostimulation compounds, fracturing pressures and effectiveness, and injection point 
spacing would be assessed at this stage.  Pilot testing results would also be used to 
better estimate the time to reach remediation goals in each area for which this 
alternative is selected. 

It should be noted that the presence of competing electron acceptors, such as elevated 
concentrations of sulfate, may interfere with degradation of chlorinated ethenes such as 
TCE.  Based on the available groundwater data for OU-4B plumes, elevated sulfate 
concentrations in groundwater would be an important consideration in calculating the 
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amount of biostimulation compound required for injection, the need for supplemental 
applications, and possible complications with precipitation of by-products that may occur 
as a result of the in situ application.  However, results of bench- and pilot-scale tests 
would assist in optimizing the design of the treatment and determining whether a PRB 
configuration or matrix of injection points would be best suited for each plume.  For FS 
cost estimating purposes, a proprietary emulsified oil substrate was assumed, but 
implementation costs for several other injectable biostimulation compounds would be 
comparable to the emulsified oil product.  This product typically persists for 3 to 5 years.  
Because bioaugmentation is included, and the biostimulation compound would be 
distributed throughout the plume, a 3- to 5-year time frame is assumed to be sufficient to 
remediate contaminated groundwater at OU-4B sites. 

The one-time application of the biostimulation compound would be designed to reduce 
VOC concentrations toward remediation goals throughout each plume.  However, if VOC 
concentrations were not reduced to remediation goals by the ISB process, MNA would be 
performed after completion of the ISB process to track reductions in VOC concentrations 
until remediation goals are reached. 

4.2.5 Alternative 5 – ISCO/ISB/MNA/ICs 
Alternative 5 is included to evaluate the feasibility of accelerating the reduction of 
contaminant concentrations by using ISCO, followed by ISB, and then MNA, as needed, 
to reach remediation goals.  This alternative is similar to Alternative 4, except that ISCO 
would be performed in areas with higher VOC concentrations prior to ISB.  The purpose 
of the ISCO component of this alternative would be to reduce the mass of VOCs in the 
higher concentration areas of OU-4B plumes prior to ISB.  This alternative would employ 
the same ICs described for Alternative 2 (Section 4.2.2) to prevent domestic use of 
groundwater at OU-4B sites and protect and allow access to components of the remedy. 

A predesign groundwater investigation and monitoring well installation (similar to that 
described for Alternative 4 in Section 4.2.3) would be included for this alternative.  
Monitoring wells would be used to track the performance of the ISCO and ISB 
components of the remedy and track the progress of MNA after completion of ISB.  
During the remedial design phase, groundwater monitoring data collected to date would 
be evaluated with respect to groundwater modeling results presented in this FS Report, 
and additional modeling would be conducted as necessary to support the remedial design. 

Chemical oxidizing reagents would be injected into groundwater at locations with higher 
concentrations of VOCs.  The ISCO reagent would produce oxidizing agents that would 
degrade organic chemicals to water and carbon dioxide.  The ISCO reagent would be 
injected in a grid pattern at each area for which this alternative is selected using direct-
push methods.  Typically, multiple injection events are performed; the exact number of 
events and injection points would be determined based on ISCO objectives, and 
performance monitoring would be performed after each round of injections.  It is 
anticipated that ISCO operations would result in a rapid reduction in contaminant mass; 
however, reductions to concentrations below remediation goals are not expected to occur 
with ISCO alone.  Therefore, follow-on ISB treatment is included in this alternative.  

alisaseneor
Rectangle



CLEAN 3 
BEI-7526-0062-0219.R1 
September 2008 

Section 4   Development of Remedial Alternatives 

page 4-8 Final Feasibility Study Report – Operable Unit 4B, Former MCAS Tustin 
9/30/2008 10:06:38 AM sam l:\word_processing\reports\cto062\ou-4b fs\final (chg pkg)\pdf\2008064a.doc 

After ISCO injections are completed, the aquifer would be allowed to return to pre-ISCO 
conditions, and ISB pilot testing and full-scale ISB treatment would then be conducted.  
Performance objectives, optimization strategy, and criteria for determining transition 
from ISCO to ISB would be developed at the remedial design phase using recommended 
methodology (Radian 2001). 

Several types of ISCO, such as the modified Fenton’s process and activated persulfate, 
are available for consideration at OU-4B sites as described in Section 3.2.2.7, and each 
ISCO reagent has different advantages and drawbacks.  Bench- and pilot-scale testing are 
assumed to be conducted during the remedial design stage to assess the most appropriate 
ISCO chemistry and collect design information such as estimated radius of influence, 
dosing rates, possible need for fracturing to aid in reagent delivery, and injection point 
spacing.  For costing purposes in this FS Report, modified Fenton’s chemistry (which 
involves minimal temperature rise, and is performed at neutral pH) was assumed to be the 
selected ISCO technology.  The Navy has used this ISCO option successfully at other 
BRAC installations including Alameda Point, and results indicate that metals 
mobilization is not a significant concern with this option. 

4.2.6 Alternative 6 – Hydraulic Control/MNA/ICs 
Alternative 6 would use a combination of engineered response actions and ICs to limit 
further migration of VOCs and prevent human exposure to VOC-contaminated shallow 
groundwater.  Hydraulic control wells would be placed at locations that would prevent 
the migration of VOCs at concentrations exceeding remediation goals beyond current 
plume boundaries.  A predesign groundwater investigation and monitoring well 
installation (similar to that described for the preceding alternatives) would be included for 
this alternative.  Monitoring wells would be used to track the performance of the 
hydraulic control well system during its operation.  During the remedial design phase, 
groundwater monitoring data collected to date would be evaluated with respect to 
groundwater modeling results presented in this FS Report, and additional modeling 
would be conducted as necessary to support the remedial design.  The exact number and 
locations of extraction wells and pumping rates would also be determined at that time. 

Extracted groundwater would be conveyed to the existing OU-1A and/or OU-1B 
groundwater treatment systems currently operating.  Given greater contaminant mass and 
plume size at OU-1A and OU-1B, remediation systems at these OUs are both anticipated 
to operate for a longer period of time (approximately 30 years) than would be required to 
achieve hydraulic containment and reach remediation goals at IRP-5S(a) and the MPA.  
According to the Final Remedial Design (ERRG 2007), the OU-1A and OU-1B systems 
were designed for a maximum flow rate capacity of 1.5 times the design flow rate so that 
additional wells or flow could be accommodated.  Although not anticipated to be 
necessary, these systems could be redesigned and expanded during OU-4B remedial 
design to include additional flow from IRP-5S(a) and/or the MPA. 

Groundwater monitoring and treatment system performance monitoring requirements 
would be detailed in the remedial design phase, and would be performed regularly.  Five-
year reviews would be used to assess the effectiveness of the remedy components and to  
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support recommendations for shutting down pumps in the extraction wells to allow MNA 
to complete the process of reducing VOC concentrations to site remediation goals.  
Performance objectives, optimization strategy, and criteria for determining when this 
would be appropriate would be developed in the remedial design using recommended 
methodology (Radian 2001).  These would focus on monitoring to confirm hydraulic 
control and stable and/or shrinking plume conditions based on decreasing VOC 
concentrations that would indicate remediation goals could be achieved via MNA.  The 
monitoring program established in the remedial design would also allow for evaluation of 
potential rebound and/or plume migration after pump shut-down and possible need to 
resume hydraulic containment pumping. 

Groundwater extracted from OU-4B would be subject to the requirements of the OU-1A 
and OU-1B sanitary sewer discharge permit.  Groundwater quality at OU-4B sites is 
similar to that at OU-1A and OU-1B (which is treated by GAC), so no additional 
treatment or system modifications are assumed to be necessary at the OU-1 treatment 
systems. 

The principal benefit of Alternative 6 is that it could be used to prevent VOC migration 
beyond existing plume boundaries.  While not primarily intended as an aquifer 
restoration alternative, this remedial action would, over time, accomplish some 
reductions in both VOC mass and concentration within the plumes, which would also 
reduce risks.  Some acceleration in the rates of attenuation processes would be expected 
as a result of this alternative.  An additional advantage of Alternative 6 is that it would 
take advantage of the treatment systems already operating at OU-1A/OU-1B. 

4.3 ALTERNATIVES SCREENING 
When multiple viable remedial alternatives exist, they may be refined and screened to 
reduce the number of alternatives to be analyzed in detail (U.S. EPA 1988b).  This 
screening step aids in streamlining the FS process while assuring that the most promising 
alternatives are being considered. 

In accordance with U.S. EPA criteria, information available at the time of screening is 
used primarily to identify differences among the various alternatives and evaluate each 
alternative’s effectiveness, implementability, and cost.  Only the alternatives judged to be 
the best or most promising on the basis of these evaluation factors are retained for further 
consideration unless additional information becomes available that indicates further 
evaluation is warranted (U.S. EPA 1988b). 

Table 4-2 summarizes the results of the screening process for each of the six OU-4B 
plumes evaluated in this FS Report.  These results are described below for low and 
moderate concentration sites. 

4.3.1 Low Concentration Sites 
Alternatives 1 through 3 are retained for the OU-4B low concentration sites (IRP-11, 
IRP-13W, and MMS-04) and will be further evaluated in the detailed analyses in Section 5.  
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Table 4-1 
Summary of Remedial Alternatives for OU-4B 

Alternative Components Supporting Rationale Performance Objectives 

1 – no action None • This alternative is included as required 
under CERCLA and is used as a baseline 
for comparison with other alternatives. 

• No current exposure pathway exists for 
VOC-affected groundwater. 

• Potential for horizontal and vertical VOC 
migration is limited. 

• Not applicable. 

2 – ICs • ICs to prevent extraction of groundwater 
for domestic purposes and protect 
monitoring wells 

• Limited groundwater sampling to assess 
need for continuing ICs 

• Five-year reviews to assess continued 
effectiveness of selected remedy 

• No current exposure pathways exist for 
VOC-affected groundwater. 

• Future unacceptable exposure to VOC-
affected groundwater is limited by ICs, 
which are compatible with reuse. 

• Plumes are generally stable, except the 
MPA plume. 

• Limited potential for VOC migration into 
second or third WBZ of the shallow 
aquifer or into the deeper regional aquifer. 

• Prevent domestic use of VOC-affected 
groundwater. 

• Conduct sufficient monitoring to support 
discontinuing ICs in the future. 

• Perform periodic reviews to assess 
continued effectiveness of selected 
remedy and appropriate time for site 
closure. 

3 – MNA/ICs • Groundwater monitoring program to 
assess cleanup progress and rate of MNA 
processes 

• ICs to prevent extraction of groundwater 
for domestic purposes and protect 
monitoring wells 

• Five-year reviews to assess continued 
effectiveness of selected remedy 

Same supporting rationale as Alternative 2, 
plus: 
• MNA processes will continue to reduce 

VOC concentrations over time. 

• Prevent domestic use of VOC-affected 
groundwater. 

• Monitor progress of natural attenuation 
processes in groundwater. 

• Perform periodic reviews to assess 
continued effectiveness of selected 
remedy and appropriate time for site 
closure. 
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Table 4-1 (continued) 

Alternative Components Supporting Rationale Performance Objectives 

4 – ISB/MNA/ICs  • Introduction of a biostimulation compound 
and bacteria for enhanced anaerobic 
biodegradation 

• Performance monitoring of ISB process 
• Groundwater monitoring program to assess 

cleanup progress and rate of subsequent 
MNA processes 

• ICs to prevent extraction of groundwater 
for domestic purposes and protect remedy 
components 

• Five-year reviews to assess continued 
effectiveness of selected remedy 

Same supporting rationale as Alternative 3, plus:
• Uses treatment to accomplish significant 

reductions in VOC concentrations and 
mass. 

• Treatment occurs in situ; therefore, it is not 
necessary to mobilize contaminants to treat 
them. 

• No treated groundwater disposal required. 

Same performance objectives as Alternative 3, 
plus: 
• Employ anaerobic bioremediation to 

destroy VOCs in groundwater. 
• Monitor ISB effectiveness to assure that 

VOC concentrations are being effectively 
reduced. 

5 – ISCO/ISB/ 
MNA/ICs 

Same components as Alternative 4, plus: 
• ISCO before the ISB process to reduce 

contaminant mass in areas of higher VOC 
concentrations 

Same supporting rationale as Alternative 4. Same performance objectives as Alternative 4, 
plus: 
• Reduce mass of VOCs with ISCO in 

areas of higher VOC concentrations prior 
to ISB. 

6 – hydraulic 
control/ 
MNA/ICs 

• Groundwater extraction 
• Conveyed to the nearer of two existing 

groundwater treatment systems currently 
operating at OU-1A and OU-1B 

• MNA and ICs as described for 
Alternative 3 

Same supporting rationale as Alternative 3, 
plus: 
• Utilizes OU-1A/OU-1B treatment 

systems. 
• Accomplishes hydraulic control of OU-4B 

plumes.  
• Increases rate of MNA processes by 

accomplishing some mass removal. 

• Operate the hydraulic control system in 
the most cost-effective manner that 
prevents migration of contaminants and 
accelerates MNA processes. 

• Monitor contaminant trends in 
groundwater to determine earliest 
possible time that the system should be 
terminated (e.g., asymptotic mass 
removal rates in extracted groundwater, 
stable or decreasing concentrations in 
monitoring wells, temporary system 
shutdown/performance monitoring).  

• Evaluate MNA for further reductions/ 
migration control; performance 
objectives as per Alternative 3, above. 
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Table 4-1 (continued) 

Acronyms/Abbreviations: 
CERCLA – Comprehensive Environmental Response, Compensation, and Liability Act 
IC – institutional control 
ISB – in situ bioremediation 
ISCO – in situ chemical oxidation 
MNA – monitored natural attenuation 
MPA – Mingled Plumes Area 
OU – operable unit 
VOC – volatile organic compound 
WBZ – water-bearing zone 
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Table 5-4 
Cost Estimate Summary for Alternative 2 (ICs) at Low Concentration Sites 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $50,000   $50,000 
Predesign investigation     

USA notification and utility-locating survey $4,000    $4,000 
Define extent of VOCs in groundwater $38,000    $38,000 
Install and develop monitoring wells (12 wells) $95,000    $95,000 
Sample monitoring wells $13,000    $13,000 
Profile and dispose of IDW $6,000    $6,000 
Postconstruction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $70,000    $70,000 
Subtotal Capital Costs With Markupsa    $309,000 

O&M Costs     
ICs (10 years)  $10,000  $100,000 
Long-term groundwater monitoring (3 events)   $23,333 $70,000 
Five-year reviews (2 reports)   $30,000 $60,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $260,000 

Subtotal With Markupsa    $569,000 
Contingency (20%)    $114,000 

Subtotal With Markups and Contingency    $683,000 
Escalation (Base December 2007)    $0 

Total Cost    $683,000 
 Present Value of Alternative 2 (based on 2007 dollars)b     $623,000 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b the present value is calculated by adding the capital costs to the present worth of the O&M annual 

expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 2.8 percent (OMB 2007) was used 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
O&M – operation and maintenance 
USA – underground service alert 
VOC – volatile organic compound 
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Cost Item
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Calendar
 Year6

Calendar
 Year 7

Calendar
 Year 8

Calendar
 Year 9

Calendar
 Year 10

Item
Total

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Capital Cost

Predesign investigation work plan (500 hrs) $50,000 $50,000
Predesign investigation

USA notification and sitewide utility-locating survey (2 
persons, 2 10-hr days, 40 hrs @ $100/hr)

$4,000
$4,000

Define extent of VOCs in GW $37,653 $37,653
Install and develop monitoring wells (12 each) $94,961 $94,961
Sample monitoring wells $13,089 $13,089
Profile and dispose of IDW $6,283 $6,283
Postconstruction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (700 hrs) $70,000 $70,000
O&M

ICs (10 years) $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $100,000
Long-term monitoring (10 years) $23,344 $23,344 $23,344 $70,032
Annual monitoring report $0
5-year reviews (300 hrs x $100/hr) $30,000 $30,000 $60,000
Close-out report $30,000 $30,000

Subtotal (with markups) $342,179 $10,000 $10,000 $10,000 $63,344 $10,000 $10,000 $10,000 $10,000 $93,344 $568,867

Contingency (20%) $68,436 $2,000 $2,000 $2,000 $12,669 $2,000 $2,000 $2,000 $2,000 $18,669 $113,774

Subtotal  (with contingency and markups) $410,615 $12,000 $12,000 $12,000 $76,013 $12,000 $12,000 $12,000 $12,000 $112,013 $682,641

Escalation $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Cost $410,615 $12,000 $12,000 $12,000 $76,013 $12,000 $12,000 $12,000 $12,000 $112,013 $682,641

NET PRESENT VALUE FACTOR 0.972763 0.946267 0.920493 0.895422 0.871033 0.847308 0.824230 0.801780 0.779941 0.758698

NET PRESENT VALUE $399,431 $11,355 $11,046 $10,745 $66,210 $10,168 $9,891 $9,621 $9,359 $84,984 $622,810

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
O&M – operation and maintenance
USA – underground service alert
VOC – volatile organic compound

Table C-2
Cost Estimate Details for Alternative 2 (ICs) at Low Concentration Sites
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Table 5-9 
Cost Estimate Summary for Alternative 3 (MNA/ICs) at Low Concentration Sites 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $50,000   $50,000 
Predesign investigation     

USA notification and utility-locating survey $4,000    $4,000 
Define extent of VOCs in groundwater $38,000    $38,000 
Install and develop monitoring wells (12 wells) $95,000    $95,000 
Sample monitoring wells $13,000    $13,000 
Profile and dispose of IDW $6,000    $6,000 
Postconstruction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $70,000    $70,000 
Subtotal Capital Costs With Markupsa    $309,000 

O&M Costs     
ICs (10 years)  $10,000  $100,000 
Long-term groundwater monitoring (10 years)  $39,700  $397,000 
Annual groundwater monitoring report (10 reports)  $15,000  $150,000 
Five-year reviews (2 reports)   $30,000 $60,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $737,000 

Subtotal With Markupsa    $1,046,000 
Contingency (20%)    $209,000 

Subtotal With Markups and Contingency    $1,255,000 
Escalation (Base December 2007)    $0 

Total Cost    $1,255,000 
 Present Value of Alternative 3 (based on 2007 dollars)b     $1,135,000 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b the present value is calculated by adding the capital costs to the present worth of the O&M annual 

expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 2.8 percent (OMB 2007) was used 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
MNA – monitored natural attenuation 
O&M – operation and maintenance 
USA – underground service alert 
VOC – volatile organic compound 
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Cost Item
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Calendar
 Year6

Calendar
 Year 7

Calendar
 Year 8

Calendar
 Year 9

Calendar
 Year 10

Item
Total

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Capital Cost

Predesign investigation work plan (500 hrs) $50,000 $50,000
Predesign Investigation

USA notification and sitewide utility-locating survey 
(2 persons, 2 10-hr days, 40 hrs @ $100/hr)

$4,000
$4,000

Define extent of VOCs in GW $37,653 $37,653
Install and develop monitoring wells (12 each) $94,961 $94,961
Sample monitoring wells $13,089 $13,089
Profile and dispose of IDW $6,283 $6,283
Post construction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (700 hrs) $70,000 $70,000
O&M

ICs (10 years) $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $100,000
Long-term monitoring (10 years) $105,076 $104,741 $25,934 $25,934 $25,934 $21,859 $21,859 $21,859 $21,859 $21,859 $396,914
Annual monitoring reports (10 reports) $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $150,000
5-year reviews (300 hrs x $100/hr) $30,000 $30,000 $60,000
Close-out report $30,000 $30,000

Subtotal (with markups) $438,911 $129,741 $50,934 $50,934 $80,934 $46,859 $46,859 $46,859 $46,859 $106,859 $1,045,749

Contingency (20%) $87,782 $25,948 $10,187 $10,187 $16,187 $9,372 $9,372 $9,372 $9,372 $21,372 $209,151

Subtotal  (with contingency and markups) $526,693 $155,689 $61,121 $61,121 $97,121 $56,231 $56,231 $56,231 $56,231 $128,231 $1,254,900

Escalation $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Cost $526,693 $155,689 $61,121 $61,121 $97,121 $56,231 $56,231 $56,231 $56,231 $128,231 $1,254,900

NET PRESENT VALUE FACTOR 0.972763 0.946267 0.920493 0.895422 0.871033 0.847308 0.824230 0.801780 0.779941 0.758698

NET PRESENT VALUE $512,347 $147,323 $56,261 $54,729 $84,596 $47,645 $46,347 $45,085 $43,857 $97,289 $1,135,479

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
MNA – monitored natural attenuation
O&M – operation and maintenance
USA – underground service alert
VOC – volatile organic compound

Table C-6
Cost Estimate Details for Alternative 3 (MNA/ICs) at Low Concentration Sites

9/10/2008 10:16 AM Table C-6 Page 1 of 1



Table 5-5 
Cost Estimate Summary for Alternative 2 (ICs) at IRP-5S(a) 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $30,000   $30,000 
Predesign investigation     

USA notification and utility-locating survey $4,000    $4,000 
Define extent of VOCs in groundwater $22,000    $22,000 
Install and develop monitoring wells (2 wells) $19,000    $19,000 
Sample monitoring wells $19,000    $19,000 
Profile and dispose of IDW $6,000    $6,000 
Postconstruction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $70,000    $70,000 
Subtotal Capital Costs With Markupsa    $203,000 

O&M Costs     
ICs (30 years)  $10,000  $300,000 
Long-term groundwater monitoring (7 events)   $26,429 $185,000 
Five-year reviews (6 reports)   $30,000 $180,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $695,000 

Subtotal With Markupsa    $898,000 
Contingency (20%)    $179,000 

Subtotal With Markups and Contingency    $1,077,000 
Escalation (Base December 2007)    $0 

Total Cost    $1,077,000 
 Present Value of Alternative 2 (based on 2007 dollars)b     $767,000 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b the present value is calculated by adding the capital costs to the present worth of the O&M annual 

expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 3.0 percent (OMB 2007) was used 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
IRP – Installation Restoration Program 
O&M – operation and maintenance 
USA – underground service alert 
VOC – volatile organic compound 
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Cost Item
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Calendar
 Year6

Calendar
 Year 7

Calendar
 Year 8

Calendar
 Year 9

Calendar
 Year 10

Calendar
 Year 11

Calendar
 Year 12

Calendar
 Year 13

Calendar
 Year 14

Calendar
 Year 15

Calendar
 Year 16

Calendar
 Year 17

Calendar
 Year 18

Calendar
 Year 19

Calendar
 Year 20

Calendar
 Year 21

Calendar
 Year 22

Calendar
 Year 23

Calendar
 Year 24

Calendar
 Year 25

Calendar
 Year 26

Calendar
 Year 27

Calendar
 Year 28

Calendar
 Year 29

Calendar
 Year 30

Item
Total

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2039
Capital Cost

Predesign investigation work plan (300 hrs) $30,000 $30,000
Predesign investigation

USA notification and sitewide utility-locating 
survey (2 persons, 2 10-hr days, 40 hrs @ 
$100/hr)

$4,000

$4,000
Define extent of VOCs in GW $21,620 $21,620
Install and develop monitoring wells (2 each) $18,582 $18,582
Sample monitoring wells $18,952 $18,952
Profile and dispose of IDW $5,937 $5,937
Postconstruction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (700 hrs) $70,000 $70,000
O&M

ICs (30 years) $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $300,000
Long-term monitoring (30 years) $26,521 $26,521 $26,521 $26,521 $26,521 $26,521 $26,521 $185,647
Annual monitoring report
5-Year reviews (300 hrs x $100/hr) $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $180,000
Close-out report $30,000 $30,000

Subtotal (with markups) $238,461 $10,000 $10,000 $10,000 $66,521 $10,000 $10,000 $10,000 $10,000 $66,521 $10,000 $10,000 $10,000 $10,000 $66,521 $10,000 $10,000 $10,000 $10,000 $66,521 $10,000 $10,000 $10,000 $10,000 $66,521 $10,000 $10,000 $10,000 $10,000 $96,521 $897,587

Contingency (20%) $47,692 $2,000 $2,000 $2,000 $13,304 $2,000 $2,000 $2,000 $2,000 $13,304 $2,000 $2,000 $2,000 $2,000 $13,304 $2,000 $2,000 $2,000 $2,000 $13,304 $2,000 $2,000 $2,000 $2,000 $13,304 $2,000 $2,000 $2,000 $2,000 $19,304 $179,516

Subtotal  (with contingency and markups) $286,153 $12,000 $12,000 $12,000 $79,825 $12,000 $12,000 $12,000 $12,000 $79,825 $12,000 $12,000 $12,000 $12,000 $79,825 $12,000 $12,000 $12,000 $12,000 $79,825 $12,000 $12,000 $12,000 $12,000 $79,825 $12,000 $12,000 $12,000 $12,000 $115,825 $1,077,103

Escalation $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Cost $286,153 $12,000 $12,000 $12,000 $79,825 $12,000 $12,000 $12,000 $12,000 $79,825 $12,000 $12,000 $12,000 $12,000 $79,825 $12,000 $12,000 $12,000 $12,000 $79,825 $12,000 $12,000 $12,000 $12,000 $79,825 $12,000 $12,000 $12,000 $12,000 $115,825 $1,077,103

NET PRESENT VALUE FACTOR 0.970874 0.942596 0.915142 0.888487 0.862609 0.837484 0.813092 0.789409 0.766417 0.744094 0.722421 0.701380 0.680951 0.661118 0.641862 0.623167 0.605016 0.587395 0.570286 0.553676 0.537549 0.521893 0.506692 0.491934 0.477606 0.463695 0.450189 0.437077 0.424346 0.411987

NET PRESENT VALUE $277,818 $11,311 $10,982 $10,662 $68,858 $10,050 $9,757 $9,473 $9,197 $59,397 $8,669 $8,417 $8,171 $7,933 $51,237 $7,478 $7,260 $7,049 $6,843 $44,197 $6,451 $6,263 $6,080 $5,903 $38,125 $5,564 $5,402 $5,245 $5,092 $47,718 $766,602

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
IRP – Installation Restoration Program
O&M – operation and maintenance
USA – underground service alert
VOC – volatile organic compound

Table C-3
Cost Estimate Details for Alternative 2 (ICs) at IRP-5S(a)
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Table 5-6 
Cost Estimate Summary for Alternative 2 (ICs) at IRP-6 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $20,000   $20,000 
Predesign investigation     

USA notification and utility-locating survey $4,000    $4,000 
Define extent of VOCs in groundwater $13,000    $13,000 
Install and develop monitoring wells (3 wells) $28,000    $28,000 
Sample monitoring wells $13,000    $13,000 
Profile and dispose of IDW $3,000    $3,000 
Postconstruction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $70,000    $70,000 
Subtotal Capital Costs With Markupsa    $184,000 

O&M Costs     
ICs (30 years)  $10,000  $300,000 
Long-term groundwater monitoring (7 events)   $24,857 $174,000 
Five-year reviews (6 reports)   $30,000 $180,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $684,000 

Subtotal With Markupsa    $868,000 
Contingency (20%)    $173,000 

Subtotal With Markups and Contingency    $1,041,000 
Escalation (Base December 2007)    $0 

Total Cost    $1,041,000 
   Present Value of Alternative 2 (based on 2007 dollars)b     $736,000 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b the present value is calculated by adding the capital costs to the present worth of the O&M annual 

expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 3.0 percent (OMB 2007) was used 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
IRP – Installation Restoration Program 
O&M – operation and maintenance 
USA – underground service alert 
VOC – volatile organic compound 
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Cost Item
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Calendar
 Year6

Calendar
 Year 7

Calendar
 Year 8

Calendar
 Year 9

Calendar
 Year 10

Calendar
 Year 11

Calendar
 Year 12

Calendar
 Year 13

Calendar
 Year 14

Calendar
 Year 15

Calendar
 Year 16

Calendar
 Year 17

Calendar
 Year 18

Calendar
 Year 19

Calendar
 Year 20

Calendar
 Year 21

Calendar
 Year 22

Calendar
 Year 23

Calendar
 Year 24

Calendar
 Year 25

Calendar
 Year 26

Calendar
 Year 27

Calendar
 Year 28

Calendar
 Year 29

Calendar
 Year 30

Item
Total

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2039
Capital Cost

Predesign investigation work plan (200 hrs) $20,000 $20,000
Predesign investigation

USA notification and sitewide utility-locating 
survey (2 persons, 2 10-hr days, 40 hrs @ 
$100/hr)

$4,000

$4,000
Define extent of VOCs in GW $12,609 $12,609
Install and develop monitoring wells (3 each) $27,954 $27,954
Sample monitoring wells $12,785 $12,785
Profile and dispose of IDW $3,022 $3,022
Postconstruction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (700 hrs) $70,000 $70,000
O&M

ICs (30 years) $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $300,000
Long-term monitoring (30 years) $24,893 $24,893 $24,893 $24,893 $24,893 $24,893 $24,893 $174,251
Annual monitoring report $0
5-year reviews (300 hrs x $100/hr) $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $180,000
Close-out report $30,000 $30,000

Subtotal (with markups) $218,112 $10,000 $10,000 $10,000 $64,893 $10,000 $10,000 $10,000 $10,000 $64,893 $10,000 $10,000 $10,000 $10,000 $64,893 $10,000 $10,000 $10,000 $10,000 $64,893 $10,000 $10,000 $10,000 $10,000 $64,893 $10,000 $10,000 $10,000 $10,000 $94,893 $867,470

Contingency (20%) $43,622 $2,000 $2,000 $2,000 $12,979 $2,000 $2,000 $2,000 $2,000 $12,979 $2,000 $2,000 $2,000 $2,000 $12,979 $2,000 $2,000 $2,000 $2,000 $12,979 $2,000 $2,000 $2,000 $2,000 $12,979 $2,000 $2,000 $2,000 $2,000 $18,979 $173,496

Subtotal  (with contingency and markups) $261,734 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $113,872 $1,040,966

Escalation $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Cost $261,734 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $113,872 $1,040,966

NET PRESENT VALUE FACTOR 0.970874 0.942596 0.915142 0.888487 0.862609 0.837484 0.813092 0.789409 0.766417 0.744094 0.722421 0.701380 0.680951 0.661118 0.641862 0.623167 0.605016 0.587395 0.570286 0.553676 0.537549 0.521893 0.506692 0.491934 0.477606 0.463695 0.450189 0.437077 0.424346 0.411987

NET PRESENT VALUE $254,111 $11,311 $10,982 $10,662 $67,173 $10,050 $9,757 $9,473 $9,197 $57,944 $8,669 $8,417 $8,171 $7,933 $49,983 $7,478 $7,260 $7,049 $6,843 $43,116 $6,451 $6,263 $6,080 $5,903 $37,192 $5,564 $5,402 $5,245 $5,092 $46,914 $735,685

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
IRP – Installation Restoration Program
O&M – operation and maintenance
USA – underground service alert
VOC – volatile organic compound

Table C-4
Cost Estimate Details for Alternative 2 (ICs) at IRP-6
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Table 5-7 
Cost Estimate Summary for Alternative 2 (ICs) at the MPA 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $30,000   $30,000 
Predesign investigation     

USA notification and utility-locating survey $4,000    $4,000 
Define extent of VOCs in groundwater $14,000    $14,000 
Install and develop monitoring wells (4 wells) $31,000    $31,000 
Sample monitoring wells $14,000    $14,000 
Profile and dispose of IDW $3,000    $3,000 
Postconstruction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $70,000    $70,000 
Subtotal Capital Costs With Markupsa    $199,000 

O&M Costs     
ICs (30 years)  $10,000  $300,000 
Long-term groundwater monitoring (7 events)   $24,857 $174,000 
Five-year reviews (6 reports)   $30,000 $180,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $684,000 

Subtotal With Markupsa    $883,000 
Contingency (20%)    $177,000 

Subtotal With Markups and Contingency    $1,060,000 
Escalation (Base December 2007)    $0 

Total Cost    $1,060,000 
   Present Value of Alternative 2 (based on 2007 dollars)b     $755,000 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b the present value is calculated by adding the capital costs to the present worth of the O&M annual 

expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 3.0 percent (OMB 2007) was used 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
MPA – Mingled Plumes Area 
O&M – operation and maintenance 
USA – underground service alert 
VOC – volatile organic compound 
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Cost Item 
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Calendar
 Year6

Calendar
 Year 7

Calendar
 Year 8

Calendar
 Year 9

Calendar
 Year 10

Calendar
 Year 11

Calendar
 Year 12

Calendar
 Year 13

Calendar
 Year 14

Calendar
 Year 15

Calendar
 Year 16

Calendar
 Year 17

Calendar
 Year 18

Calendar
 Year 19

Calendar
 Year 20

Calendar
 Year 21

Calendar
 Year 22

Calendar
 Year 23

Calendar
 Year 24

Calendar
 Year 25

Calendar
 Year 26

Calendar
 Year 27

Calendar
 Year 28

Calendar
 Year 29

Calendar
 Year 30

Item
Total

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2039
Capital Cost

Predesign investigation work plan (300 hrs) $30,000 $30,000
Predesign Investigation

USA notification and sitewide utility-locating 
survey (2 persons, 2 10-hr days, 40 hrs @ 
$100/hr)

$4,000

$4,000
Define extent of VOCs in GW $14,361 $14,361
Install and develop monitoring wells (4 each) $31,428 $31,428
Sample monitoring wells $14,119 $14,119
Profile and dispose of IDW $3,034 $3,034
Postconstruction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (700 hrs) $70,000 $70,000
O&M

ICs (30 years) $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $300,000
Long-term monitoring (30 years) $24,893 $24,893 $24,893 $24,893 $24,893 $24,893 $24,893 $174,251
Annual monitoring report $0
5-year reviews (300 hrs x $100/hr) $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $180,000
Close-out report $30,000 $30,000

Subtotal (with markups) $234,684 $10,000 $10,000 $10,000 $64,893 $10,000 $10,000 $10,000 $10,000 $64,893 $10,000 $10,000 $10,000 $10,000 $64,893 $10,000 $10,000 $10,000 $10,000 $64,893 $10,000 $10,000 $10,000 $10,000 $64,893 $10,000 $10,000 $10,000 $10,000 $94,893 $884,042

Contingency (20%) $46,937 $2,000 $2,000 $2,000 $12,979 $2,000 $2,000 $2,000 $2,000 $12,979 $2,000 $2,000 $2,000 $2,000 $12,979 $2,000 $2,000 $2,000 $2,000 $12,979 $2,000 $2,000 $2,000 $2,000 $12,979 $2,000 $2,000 $2,000 $2,000 $18,979 $176,811

Subtotal  (with contingency and markups) $281,621 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $113,872 $1,060,853

Escalation $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Cost $281,621 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $77,872 $12,000 $12,000 $12,000 $12,000 $113,872 $1,060,853

NET PRESENT VALUE FACTOR 0.970874 0.942596 0.915142 0.888487 0.862609 0.837484 0.813092 0.789409 0.766417 0.744094 0.722421 0.701380 0.680951 0.661118 0.641862 0.623167 0.605016 0.587395 0.570286 0.553676 0.537549 0.521893 0.506692 0.491934 0.477606 0.463695 0.450189 0.437077 0.424346 0.411987

NET PRESENT VALUE $273,418 $11,311 $10,982 $10,662 $67,173 $10,050 $9,757 $9,473 $9,197 $57,944 $8,669 $8,417 $8,171 $7,933 $49,983 $7,478 $7,260 $7,049 $6,843 $43,116 $6,451 $6,263 $6,080 $5,903 $37,192 $5,564 $5,402 $5,245 $5,092 $46,914 $754,992

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
MPA – Mingled Plumes Area 
O&M – operation and maintenance
USA – underground service alert
VOC – volatile organic compound

Table C-5
Cost Estimate Details for Alternative 2 (ICs) at MPA
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Table 5-10 
Cost Estimate Summary for Alternative 3 (MNA/ICs) at IRP-5S(a) 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $30,000   $30,000 
Predesign investigation     

USA notification and utility-locating survey $4,000    $4,000 
Define extent of VOCs in groundwater $22,000    $22,000 
Install and develop monitoring wells (2 wells) $19,000    $19,000 
Sample monitoring wells $19,000    $19,000 
Profile and dispose of IDW $6,000    $6,000 
Postconstruction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $70,000    $70,000 
Subtotal Capital Costs With Markupsa    $203,000 

O&M Costs     
ICs (30 years)  $10,000  $300,000 
Long-term groundwater monitoring (30 years)  $16,433  $493,000 
Annual groundwater monitoring report (10 reports)b  $15,000  $150,000 
Five-year reviews (6 reports)   $30,000 $180,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $1,153,000 

Subtotal With Markupsa    $1,356,000 
Contingency (20%)    $271,000 

Subtotal With Markups and Contingency    $1,627,000 
Escalation (Base December 2007)    $0 

Total Cost    $1,627,000 
 Present Value of Alternative 3 (based on 2007 dollars)c     $1,265,000 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b groundwater monitoring reporting assumed to be performed annually for the first 10 years  

c the present value is calculated by adding the capital costs to the present worth of the O&M annual 
expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 3.0 percent (OMB 2007) was used 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
IRP – Installation Restoration Program 
MNA – monitored natural attenuation 
O&M – operation and maintenance 
USA – underground service alert 
VOC – volatile organic compound 
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Cost Item
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Calendar
 Year6

Calendar
 Year 7

Calendar
 Year 8

Calendar
 Year 9

Calendar
 Year 10

Calendar
 Year 11

Calendar
 Year 12

Calendar
 Year 13

Calendar
 Year 14

Calendar
 Year 15

Calendar
 Year 16

Calendar
 Year 17

Calendar
 Year 18

Calendar
 Year 19

Calendar
 Year 20

Calendar
 Year 21

Calendar
 Year 22

Calendar
 Year 23

Calendar
 Year 24

Calendar
 Year 25

Calendar
 Year 26

Calendar
 Year 27

Calendar
 Year 28

Calendar
 Year 29

Calendar
 Year 30

Item
Total

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2039
Capital Cost

Predesign investigation work plan (300 hrs) $30,000 $30,000
Predesign investigation

USA notification and sitewide utility-locating 
survey (2 persons, 2 10-hr days, 40 hrs @ 
$100/hr)

$4,000

$4,000
Define extent of VOCs in GW $21,620 $21,620
Install and develop monitoring wells (2 each) $18,582 $18,582
Sample monitoring wells $18,952 $18,952
Profile and dispose of IDW $5,937 $5,937
Postconstruction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (700 hrs) $70,000 $70,000
O&M

ICs (30 years) $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $300,000
Long-term monitoring (30 years) $138,275 $88,127 $22,572 $22,572 $22,572 $22,151 $22,151 $22,151 $22,151 $22,151 $22,151 $22,151 $22,151 $22,151 $493,477
Annual monitoring reports (10 reports) $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $150,000
5-year reviews (300 hrs x $100/hr) $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $180,000
Close-out report $30,000 $30,000

Subtotal (with markups) $365,215 $113,127 $47,572 $47,572 $77,572 $47,151 $47,151 $47,151 $47,151 $77,151 $10,000 $10,000 $10,000 $10,000 $62,151 $10,000 $10,000 $10,000 $10,000 $62,151 $10,000 $10,000 $10,000 $10,000 $62,151 $10,000 $10,000 $10,000 $10,000 $92,151 $1,355,417

Contingency (20%) $73,043 $22,625 $9,514 $9,514 $15,514 $9,430 $9,430 $9,430 $9,430 $15,430 $2,000 $2,000 $2,000 $2,000 $12,430 $2,000 $2,000 $2,000 $2,000 $12,430 $2,000 $2,000 $2,000 $2,000 $12,430 $2,000 $2,000 $2,000 $2,000 $18,430 $271,080

Subtotal (with contingency and markups) $438,258 $135,752 $57,086 $57,086 $93,086 $56,581 $56,581 $56,581 $56,581 $92,581 $12,000 $12,000 $12,000 $12,000 $74,581 $12,000 $12,000 $12,000 $12,000 $74,581 $12,000 $12,000 $12,000 $12,000 $74,581 $12,000 $12,000 $12,000 $12,000 $110,581 $1,626,497

Escalation $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Cost $438,258 $135,752 $57,086 $57,086 $93,086 $56,581 $56,581 $56,581 $56,581 $92,581 $12,000 $12,000 $12,000 $12,000 $74,581 $12,000 $12,000 $12,000 $12,000 $74,581 $12,000 $12,000 $12,000 $12,000 $74,581 $12,000 $12,000 $12,000 $12,000 $110,581 $1,626,497

NET PRESENT VALUE FACTOR 0.970874 0.942596 0.915142 0.888487 0.862609 0.837484 0.813092 0.789409 0.766417 0.744094 0.722421 0.701380 0.680951 0.661118 0.641862 0.623167 0.605016 0.587395 0.570286 0.553676 0.537549 0.521893 0.506692 0.491934 0.477606 0.463695 0.450189 0.437077 0.424346 0.411987

NET PRESENT VALUE $425,493 $127,959 $52,242 $50,720 $80,297 $47,386 $46,006 $44,666 $43,365 $68,889 $8,669 $8,417 $8,171 $7,933 $47,871 $7,478 $7,260 $7,049 $6,843 $41,294 $6,451 $6,263 $6,080 $5,903 $35,620 $5,564 $5,402 $5,245 $5,092 $45,558 $1,265,186

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
IRP – Installation Restoration Program
MNA – monitored natural attenuation
O&M – operation and maintenance
USA – underground service alert
VOC – volatile organic compound

Table C-7
Cost Estimate Details for Alternative 3 (MNA/ICs) at IRP-5S(a)
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Table 5-11 
Cost Estimate Summary for Alternative 3 (MNA/ICs) at IRP-6 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $20,000   $20,000 
Predesign investigation     

USA notification and utility-locating survey $4,000    $4,000 
Define extent of VOCs in groundwater $13,000    $13,000 
Install and develop monitoring wells (3 wells) $28,000    $28,000 
Sample monitoring wells $13,000    $13,000 
Profile and dispose of IDW $3,000    $3,000 
Postconstruction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $70,000    $70,000 
Subtotal Capital Costs With Markupsa    $184,000 

O&M Costs     
ICs (30 years)  $10,000  $300,000 
Long-term groundwater monitoring (30 years)  $15,900  $477,000 
Annual groundwater monitoring report (10 reports)b  $15,000  $150,000 
Five-year reviews (6 reports)    $30,000 $180,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $1,137,000 

Subtotal With Markupsa    $1,321,000 
Contingency (20%)    $264,000 

Subtotal With Markups and Contingency    $1,585,000 
Escalation (Base December 2007)    $0 

Total Cost    $1,585,000 
 Present Value of Alternative 3 (based on 2007 dollars)c     $1,226,000 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b groundwater monitoring reporting assumed to be performed annually for the first 10 years 
c the present value is calculated by adding the capital costs to the present worth of the O&M annual 

expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 3.0 percent (OMB 2007) was used 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
IRP – Installation Restoration Program 
MNA – monitored natural attenuation 
O&M – operation and maintenance 
USA – underground service alert 
VOC – volatile organic compound 

09/10/08 7:59 AM sam cto062\fs\table 5-11.doc page 1 of 1 

alisaseneor
Stamp



Cost Item
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Calendar
 Year6

Calendar
 Year 7

Calendar
 Year 8

Calendar
 Year 9

Calendar
 Year 10

Calendar
 Year 11

Calendar
 Year 12

Calendar
 Year 13

Calendar
 Year 14

Calendar
 Year 15

Calendar
 Year 16

Calendar
 Year 17

Calendar
 Year 18

Calendar
 Year 19

Calendar
 Year 20

Calendar
 Year 21

Calendar
 Year 22

Calendar
 Year 23

Calendar
 Year 24

Calendar
 Year 25

Calendar
 Year 26

Calendar
 Year 27

Calendar
 Year 28

Calendar
 Year 29

Calendar
 Year 30

Item
Total

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2039
Capital Cost

Predesign investigation work plan (200 hrs) $20,000 $20,000
Predesign investigation

USA notification and sitewide utility-locating 
survey (2 persons, 2 10-hr days, 40 hrs @ 
$100/hr)

$4,000

$4,000
Define extent of VOCs in GW $12,609 $12,609
Install and develop monitoring wells (3 each) $27,954 $27,954
Sample monitoring wells $12,785 $12,785
Profile and dispose of IDW $3,022 $3,022
Postconstruction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (700 hrs) $70,000 $70,000
O&M

ICs (30 years) $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $300,000
Long-term monitoring (30 years) $100,639 $83,090 $27,751 $27,751 $27,751 $27,751 $27,751 $27,751 $27,751 $27,751 $17,754 $17,754 $17,754 $17,754 $476,753
Annual monitoring reports (10 reports) $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $150,000
5-year reviews (300 hrs x $100/hr) $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $180,000
Close-out report $30,000 $30,000

Subtotal (with markups) $308,858 $108,090 $52,751 $52,751 $82,751 $52,751 $52,751 $52,751 $52,751 $82,751 $10,000 $10,000 $10,000 $10,000 $57,754 $10,000 $10,000 $10,000 $10,000 $57,754 $10,000 $10,000 $10,000 $10,000 $57,754 $10,000 $10,000 $10,000 $10,000 $87,754 $1,319,972

Contingency (20%) $61,772 $21,618 $10,550 $10,550 $16,550 $10,550 $10,550 $10,550 $10,550 $16,550 $2,000 $2,000 $2,000 $2,000 $11,551 $2,000 $2,000 $2,000 $2,000 $11,551 $2,000 $2,000 $2,000 $2,000 $11,551 $2,000 $2,000 $2,000 $2,000 $17,551 $263,994

Subtotal  (with contingency and markups) $370,630 $129,708 $63,301 $63,301 $99,301 $63,301 $63,301 $63,301 $63,301 $99,301 $12,000 $12,000 $12,000 $12,000 $69,305 $12,000 $12,000 $12,000 $12,000 $69,305 $12,000 $12,000 $12,000 $12,000 $69,305 $12,000 $12,000 $12,000 $12,000 $105,305 $1,583,966

Escalation $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Cost $370,630 $129,708 $63,301 $63,301 $99,301 $63,301 $63,301 $63,301 $63,301 $99,301 $12,000 $12,000 $12,000 $12,000 $69,305 $12,000 $12,000 $12,000 $12,000 $69,305 $12,000 $12,000 $12,000 $12,000 $69,305 $12,000 $12,000 $12,000 $12,000 $105,305 $1,583,966

NET PRESENT VALUE FACTOR 0.970874 0.942596 0.915142 0.888487 0.862609 0.837484 0.813092 0.789409 0.766417 0.744094 0.722421 0.701380 0.680951 0.661118 0.641862 0.623167 0.605016 0.587395 0.570286 0.553676 0.537549 0.521893 0.506692 0.491934 0.477606 0.463695 0.450189 0.437077 0.424346 0.411987

NET PRESENT VALUE $359,835 $122,262 $57,929 $56,242 $85,658 $53,014 $51,470 $49,970 $48,515 $73,889 $8,669 $8,417 $8,171 $7,933 $44,484 $7,478 $7,260 $7,049 $6,843 $38,372 $6,451 $6,263 $6,080 $5,903 $33,100 $5,564 $5,402 $5,245 $5,092 $43,384 $1,225,944

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
IRP – Installation Restoration Program
MNA – monitored natural attenuation
USA – underground service alert
VOC – volatile organic compound

Table C-8
Cost Estimate Details for Alternative 3 (MNA/ICs) at IRP-6
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Table 5-12 
Cost Estimate Summary for Alternative 3 (MNA/ICs) at the MPA 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $30,000   $30,000 
Predesign investigation     

USA notification and utility-locating survey $4,000    $4,000 
Define extent of VOCs in groundwater $14,000    $14,000 
Install and develop monitoring wells (4 wells) $31,000    $31,000 
Sample monitoring wells $14,000    $14,000 
Profile and dispose of IDW $3,000    $3,000 
Postconstruction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $70,000    $70,000 
Subtotal Capital Costs With Markupsa    $199,000 

O&M Costs     
ICs (30 years)  $10,000  $300,000 
Long-term groundwater monitoring (30 years)  $15,900  $477,000 
Annual groundwater monitoring report (10 reports)b  $15,000  $150,000 
Five-year reviews (6 reports)   $30,000 $180,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $1,137,000 

Subtotal With Markupsa    $1,336,000 
Contingency (20%)    $267,000 

Subtotal With Markups and Contingency    $1,603,000 
Escalation (Base December 2007)    $0 

Total Cost    $1,603,000 
 Present Value of Alternative 3 (based on 2007 dollars)c     $1,245,000 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b groundwater monitoring reporting assumed to be performed annually for the first 10 years 
c the present value is calculated by adding the capital costs to the present worth of the O&M annual 

expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 3.0 percent (OMB 2007) was used 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
MNA – monitored natural attenuation 
MPA – Mingled Plumes Area 
O&M – operation and maintenance 
USA – underground service alert 
VOC – volatile organic compound 
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Cost Item
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Calendar
 Year6

Calendar
 Year 7

Calendar
 Year 8

Calendar
 Year 9

Calendar
 Year 10

Calendar
 Year 11

Calendar
 Year 12

Calendar
 Year 13

Calendar
 Year 14

Calendar
 Year 15

Calendar
 Year 16

Calendar
 Year 17

Calendar
 Year 18

Calendar
 Year 19

Calendar
 Year 20

Calendar
 Year 21

Calendar
 Year 22

Calendar
 Year 23

Calendar
 Year 24

Calendar
 Year 25

Calendar
 Year 26

Calendar
 Year 27

Calendar
 Year 28

Calendar
 Year 29

Calendar
 Year 30

Item
Total

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2039
Capital Cost

Predesign investigation work plan (300 hrs) $30,000 $30,000
Predesign investigation

USA notification and sitewide utility-locating 
survey (2 persons, 2 10-hr days, 40 hrs @ 
$100/hr)

$4,000

$4,000
Define extent of VOCs in GW $14,361 $14,361
Install and develop monitoring wells (4 each) $31,428 $31,428
Sample monitoring wells $14,119 $14,119
Profile and dispose of IDW $3,034 $3,034
Postconstruction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (700 hrs) $70,000 $70,000
O&M

ICs (30 years) $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $300,000
Long-term monitoring (30 years) $100,639 $83,090 $27,751 $27,751 $27,751 $27,751 $27,751 $27,751 $27,751 $27,751 $17,754 $17,754 $17,754 $17,754 $476,753
Annual monitoring reports (10 reports) $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $150,000
5-year reviews (300 hrs x $100/hr) $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $180,000
Close-out report $30,000 $30,000

Subtotal (with markups) $325,430 $108,090 $52,751 $52,751 $82,751 $52,751 $52,751 $52,751 $52,751 $82,751 $10,000 $10,000 $10,000 $10,000 $57,754 $10,000 $10,000 $10,000 $10,000 $57,754 $10,000 $10,000 $10,000 $10,000 $57,754 $10,000 $10,000 $10,000 $10,000 $87,754 $1,336,544

Contingency (20%) $65,086 $21,618 $10,550 $10,550 $16,550 $10,550 $10,550 $10,550 $10,550 $16,550 $2,000 $2,000 $2,000 $2,000 $11,551 $2,000 $2,000 $2,000 $2,000 $11,551 $2,000 $2,000 $2,000 $2,000 $11,551 $2,000 $2,000 $2,000 $2,000 $17,551 $267,308

Subtotal  (with contingency and markups) $390,516 $129,708 $63,301 $63,301 $99,301 $63,301 $63,301 $63,301 $63,301 $99,301 $12,000 $12,000 $12,000 $12,000 $69,305 $12,000 $12,000 $12,000 $12,000 $69,305 $12,000 $12,000 $12,000 $12,000 $69,305 $12,000 $12,000 $12,000 $12,000 $105,305 $1,603,852

Escalation $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Cost $390,516 $129,708 $63,301 $63,301 $99,301 $63,301 $63,301 $63,301 $63,301 $99,301 $12,000 $12,000 $12,000 $12,000 $69,305 $12,000 $12,000 $12,000 $12,000 $69,305 $12,000 $12,000 $12,000 $12,000 $69,305 $12,000 $12,000 $12,000 $12,000 $105,305 $1,603,852

NET PRESENT VALUE FACTOR 0.970874 0.942596 0.915142 0.888487 0.862609 0.837484 0.813092 0.789409 0.766417 0.744094 0.722421 0.701380 0.680951 0.661118 0.641862 0.623167 0.605016 0.587395 0.570286 0.553676 0.537549 0.521893 0.506692 0.491934 0.477606 0.463695 0.450189 0.437077 0.424346 0.411987

NET PRESENT VALUE $379,142 $122,262 $57,929 $56,242 $85,658 $53,014 $51,470 $49,970 $48,515 $73,889 $8,669 $8,417 $8,171 $7,933 $44,484 $7,478 $7,260 $7,049 $6,843 $38,372 $6,451 $6,263 $6,080 $5,903 $33,100 $5,564 $5,402 $5,245 $5,092 $43,384 $1,245,251

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
MNA – monitored natural attenuation
MPA – Mingled Plumes Area 
O&M – operation and maintenance
USA – underground service alert
VOC – volatile organic compound

Table C-9
Cost Estimate Details for Alternative 3 (MNA/ICs) at the MPA
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Table 5-13 
Cost Estimate Summary for Alternative 4 (ISB/MNA/ICs) at IRP-5S(a) 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $30,000   $30,000 
Predesign investigation     

USA notification and utility-locating survey $20,000    $20,000 
Define extent of VOCs in groundwater $22,000    $22,000 
Install and develop monitoring wells (2 wells) $19,000    $19,000 
Sample monitoring wells $19,000    $19,000 
Profile and dispose of IDW $6,000    $6,000 
Postconstruction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $100,000   $100,000 
ISB treatment     

ISB treatability testing $60,000    $60,000 
ISB treatment (300,000 square feet) $543,000   $543,000 
ISB baseline sampling $50,000    $50,000 
Prepare ISB implementation report $40,000    $40,000 

Subtotal Capital Costs With Markupsa    $942,000 
O&M Costs     

ICs (5 years)  $10,000  $50,000 
Long-term groundwater monitoring (5 years)  $69,400  $347,000 
Annual groundwater monitoring report (5 reports)  $15,000  $75,000 
Five-year review   $30,000 $30,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $532,000 

Subtotal With Markupsa    $1,474,000 
Contingency (20%)    $295,000 

Subtotal With Markups and Contingency    $1,769,000 
Escalation (Base December 2007)    $0 

Total Cost    $1,769,000 
 Present Value of Alternative 4 (based on 2007 dollars)b     $1,696,000 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b the present value is calculated by adding the capital costs to the present worth of the O&M annual 

expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 2.6 percent (OMB 2007) was used 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
IRP – Installation Restoration Program 
ISB – in situ bioremediation 

MNA – monitored natural attenuation 
O&M – operation and maintenance 
USA – underground service alert 
VOC – volatile organic compound 
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Cost Item
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Item
Total

2009 2010 2011 2012 2013
Capital Cost

Predesign investigation work plan (300 hrs) $30,000 $30,000
Predesign Investigation

USA notification and sitewide utility-locating survey 
(2 persons, 10 10-hr days, 200 hrs @ $100/hr)

$20,000
$20,000

Define extent of VOCs in GW $21,620 $21,620
Install and develop monitoring wells (2 each) $18,582 $18,582
Sample monitoring wells $18,952 $18,952
Profile and dispose of IDW $5,937 $5,937
Postconstruction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (1,000 hrs) $100,000 $100,000
ISB Treatment

ISB treatability testing $60,000 $60,000
ISB treatment (300,000 SF) $542,939 $542,939
ISB baseline sampling $49,732 $49,732
Prepare ISB implementation report (400 hrs) $40,000 $40,000

O&M
ICs (5 years) $10,000 $10,000 $10,000 $10,000 $10,000 $50,000
Long-term monitoring (5 years) $165,010 $51,350 $43,603 $43,603 $43,603 $347,169
Annual monitoring report (5 reports) $15,000 $15,000 $15,000 $15,000 $15,000 $75,000
5-year reviews (300 hrs x $100/hr) $30,000 $30,000
Close-out report $30,000 $30,000

Subtotal (with markups) $1,130,621 $76,350 $68,603 $68,603 $128,603 $1,472,780

Contingency (20%) $226,124 $15,270 $13,721 $13,721 $25,721 $294,557

Subtotal  (with contingency and markups) $1,356,745 $91,620 $82,324 $82,324 $154,324 $1,767,337

Escalation $0 $0 $0 $0 $0 $0

Total Cost $1,356,745 $91,620 $82,324 $82,324 $154,324 $1,767,337

NET PRESENT VALUE FACTOR 0.974659 0.949960 0.925887 0.902424 0.879555

NET PRESENT VALUE $1,322,364 $87,035 $76,223 $74,291 $135,737 $1,695,650

Table C-10
Cost Estimate Details for Alternative 4 (ISB/MNA/ICs) at IRP-5S(a)
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Table C-10 (continued)

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
IRP – Installation Restoration Program
ISB – in situ  bioremediation
MNA – monitored natural attenuation
O&M – operation and maintenance
SF – square foot
USA – underground service alert
VOC – volatile organic compound
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Table 5-14 
Cost Estimate Summary for Alternative 4 (ISB/MNA/ICs) at IRP-6 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $20,000   $20,000 
Predesign investigation     

USA notification and utility-locating survey $6,000    $6,000 
Define extent of VOCs in groundwater $12,000    $12,000 
Install and develop monitoring wells (3 wells) $28,000    $28,000 
Sample monitoring wells $13,000    $13,000 
Profile and dispose of IDW $3,000    $3,000 
Postconstruction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $100,000    $100,000 
ISB treatment     

ISB treatability testing $60,000    $60,000 
ISB treatment (12,000 square feet) $284,000    $284,000 
ISB baseline sampling $34,000    $34,000 
Prepare ISB implementation report $30,000    $30,000 

Subtotal Capital Costs With Markupsa    $624,000 
O&M Costs     

ICs (5 years)  $10,000  $50,000 
Long-term groundwater monitoring (5 years)  $60,000  $300,000 
Annual groundwater monitoring report (5 reports)  $15,000  $75,000 
Five-year review   $30,000 $30,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $485,000 

Subtotal With Markupsa    $1,108,000 
Contingency (20%)    $221,000 

Subtotal With Markups and Contingency    $1,329,000 
Escalation (Base December 2007)    $0 

Total Cost    $1,329,000 
   Present Value of Alternative 4 (based on 2007 dollars)b     $1,269,000 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b the present value is calculated by adding the capital costs to the present worth of the O&M annual 

expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 2.6 percent (OMB 2007) was used 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
IRP – Installation Restoration Program 
ISB – in situ bioremediation 

MNA – monitored natural attenuation 
O&M – operation and maintenance 
USA – underground service alert 
VOC – volatile organic compound 
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Cost Item
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Item
Total

2009 2010 2011 2012 2013
Capital Cost

Predesign investigation work plan (200 hrs) $20,000 $20,000
Predesign Investigation

USA notification and sitewide utility-locating survey 
(2 persons, 3 10-hr days, 60 hr @ $100/hr)

$6,000
$6,000

Define extent of VOCs in GW $12,609 $12,609
Install and develop monitoring wells (3 each) $27,954 $27,954
Sample monitoring wells $12,785 $12,785
Profile and dispose of IDW $3,022 $3,022
Postconstruction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (1,000 hrs) $100,000 $100,000
ISB Treatment

ISB treatability testing $60,000 $60,000
ISB treatment (12,000 SF) $283,859 $283,859
ISB baseline sampling $34,017 $34,017
Prepare ISB implementation report (300 hrs) $30,000 $30,000

O&M
ICs (5 years) $10,000 $10,000 $10,000 $10,000 $10,000 $50,000
Long-term monitoring (5 years) $117,448 $51,350 $43,603 $43,603 $43,603 $299,607
Annual monitoring report (5 reports) $15,000 $15,000 $15,000 $15,000 $15,000 $75,000
5-year reviews (300 hrs x $100/hr) $30,000 $30,000
Close-out report $30,000 $30,000

Subtotal (with markups) $765,543 $76,350 $68,603 $68,603 $128,603 $1,107,702

Contingency (20%) $153,109 $15,270 $13,721 $13,721 $25,721 $221,542

Subtotal  (with contingency and markups) $918,652 $91,620 $82,324 $82,324 $154,324 $1,329,244

Escalation $0 $0 $0 $0 $0 $0

Total Cost $918,652 $91,620 $82,324 $82,324 $154,324 $1,329,244

NET PRESENT VALUE FACTOR 0.974659 0.949960 0.925887 0.902424 0.879555

NET PRESENT VALUE $895,372 $87,035 $76,223 $74,291 $135,737 $1,268,658

Table C-11
Cost Estimate Details for Alternative 4 (ISB/MNA/ICs) at IRP-6

9/10/2008 10:18 AM Table C-11 page 1 of 2



Table C-11 (continued)

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
IRP – Installation Restoration Program
ISB – in situ  bioremediation
MNA – monitored natural attenuation
O&M – operation and maintenance
SF – square foot
USA – underground service alert
VOC – volatile organic compound
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Table 5-15 
Cost Estimate Summary for Alternative 4 (ISB/MNA/ICs) at the MPA 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $30,000   $30,000 
Predesign investigation     

USA notification and utility-locating survey $30,000    $30,000 
Define extent of VOCs in groundwater $14,000    $14,000 
Install and develop monitoring wells (4 wells) $31,000    $31,000 
Sample monitoring wells $14,000    $14,000 
Profile and dispose of IDW $3,000    $3,000 
Postconstruction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $100,000    $100,000 
ISB treatment     

ISB treatability testing $60,000    $60,000 
ISB treatment (600,000 square feet) $911,000    $911,000 
ISB baseline sampling $34,000    $34,000 
Prepare ISB implementation report $50,000    $50,000 

Subtotal Capital Costs With Markupsa    $1,310,000 
O&M Costs     

ICs (5 years)  $10,000  $50,000 
Long-term groundwater monitoring (5 years)  $60,000  $300,000 
Annual groundwater monitoring report (5 reports)  $15,000  $75,000 
Five-year review   $30,000 $30,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $485,000 

Subtotal With Markupsa    $1,795,000 
Contingency (20%)    $359,000 

Subtotal With Markups and Contingency    $2,154,000 
Escalation (Base December 2007)    $0 

Total Cost    $2,154,000 
 Present Value of Alternative 4 (based on 2007 dollars)b     $2,073,000 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b the present value is calculated by adding the capital costs to the present worth of the O&M annual 

expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 2.6 percent (OMB 2007) was used 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
ISB – in situ bioremediation 
MNA – monitored natural attenuation 

MPA – Mingled Plumes Area 
O&M – operation and maintenance 
USA – underground service alert 
VOC – volatile organic compound 
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Cost Item
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Item
Total

2009 2010 2011 2012 2013
Capital Cost

Predesign investigation work plan (300 hrs) $30,000 $30,000
Predesign investigation

USA notification and sitewide utility-locating survey (2 
persons, 15 10-hr days 300 hr @ $100/hr)

$30,000
$30,000

Define extent of VOCs in GW $14,361 $14,361
Install and develop monitoring wells (4 each) $31,428 $31,428
Sample monitoring wells $14,119 $14,119
Profile and dispose of IDW $3,034 $3,034
Postconstruction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (1,000 hrs) $100,000 $100,000
ISB Treatment

ISB treatability testing $60,000 $60,000
ISB treatment (600,000 SF) $911,413 $911,413
ISB baseline sampling $34,017 $34,017
Prepare ISB implementation report (500 hrs) $50,000 $50,000

O&M
ICs (5 years) $10,000 $10,000 $10,000 $10,000 $10,000 $50,000
Long-term monitoring (5 years) $117,448 $51,350 $43,603 $43,603 $43,603 $299,607
Annual monitoring report (5 reports) $15,000 $15,000 $15,000 $15,000 $15,000 $75,000
5-year reviews (300 hrs x $100/hr) $30,000 $30,000
Close-out report $30,000 $30,000

Subtotal (with markups) $1,453,669 $76,350 $68,603 $68,603 $128,603 $1,795,828

Contingency (20%) $290,734 $15,270 $13,721 $13,721 $25,721 $359,167

Subtotal  (with contingency and markups) $1,744,403 $91,620 $82,324 $82,324 $154,324 $2,154,995

Escalation $0 $0 $0 $0 $0 $0

Total Cost $1,744,403 $91,620 $82,324 $82,324 $154,324 $2,154,995

NET PRESENT VALUE FACTOR 0.974659 0.949960 0.925887 0.902424 0.879555

NET PRESENT VALUE $1,700,198 $87,035 $76,223 $74,291 $135,737 $2,073,484

Table C-12
Cost Estimate Details for Alternative 4 (ISB/MNA/ICs) at the MPA

9/10/2008 10:19 AM Table C-12 page 1 of 2



Table C-12 (continued)

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
ISB – in situ  bioremediation
MNA – monitored natural attenuation
MPA – Mingled Plumes Area 
O&M – operation and maintenance
SF – square foot
USA – underground service alert
VOC – volatile organic compound
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Table 5-16 
Cost Estimate Summary for Alternative 5 (ISCO/ISB/MNA/ICs) at IRP-5S(a) 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $30,000   $30,000 
Predesign investigation     

USA notification and utility-locating survey $24,000    $24,000 
Define extent of VOCs in groundwater $22,000    $22,000 
Install and develop monitoring wells (2 wells) $19,000    $19,000 
Sample monitoring wells $19,000    $19,000 
Profile and dispose of IDW $6,000    $6,000 
Postconstruction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $120,000    $120,000 
ISCO treatment     

ISCO treatability testing $72,000    $72,000 
ISCO baseline sampling $49,000    $49,000 
ISCO treatment (24,000 square feet) $313,000    $313,000 
ISCO performance sampling $59,000    $59,000 

ISB treatment     
ISB treatability testing $60,000    $60,000 
ISB treatment (300,000 square feet) $543,000    $543,000 
ISB baseline sampling $50,000    $50,000 
Prepare ISB implementation report $40,000    $40,000 

Subtotal Capital Costs With Markupsa    $1,459,000 
O&M Costs     

ICs (5 years)  $10,000  $50,000 
Long-term groundwater monitoring (5 years)  $69,400  $347,000 
Annual groundwater monitoring report (5 reports)  $15,000  $75,000 
Five-year review   $30,000 $30,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $532,000 

Subtotal With Markupsa    $1,991,000 
Contingency (20%)    $398,000 

Subtotal With Markups and Contingency    $2,389,000 
Escalation (Base December 2007)    $0 

Total Cost    $2,389,000 
   Present Value of Alternative 5 (based on 2007 dollars)b     $2,300,000 

 

09/10/08 8:01 AM sam cto062\fs\table 5-16.doc page 1 of 2 

alisaseneor
Stamp



Table 5-16 (continued) 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b the present value is calculated by adding the capital costs to the present worth of the O&M annual 

expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 2.6 percent (OMB 2007) was used 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
IRP – Installation Restoration Program 
ISB – in situ bioremediation 
ISCO – in situ chemical oxidation 
MNA – monitored natural attenuation 
O&M – operation and maintenance 
USA – underground service alert 
VOC – volatile organic compound 
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Cost Item
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Item
Total

2009 2010 2011 2012 2013
Capital Cost

Predesign investigation work plan (300 hrs) $30,000 $30,000
Predesign Investigation

USA notification and sitewide utility-locating survey (2 $24,000 $24,000
Define extent of VOCs in GW $21,620 $21,620
Install and develop monitoring wells (2 each) $18,582 $18,582
Sample monitoring wells $18,952 $18,952
Profile and dispose of IDW $5,937 $5,937
Postconstruction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (1,200 hrs) $120,000 $120,000
ISCO Treatment

ISCO treatability testing $72,000 $72,000
ISCO baseline sampling $48,781 $48,781
ISCO treatment (24,000 SF) $313,165 $313,165
ISCO performance sampling $58,967 $58,967

ISB Treatment
ISB treatability testing $60,000 $60,000
ISB treatment (300,000 SF) $542,939 $542,939
ISB baseline sampling $49,732 $49,732
Prepare ISB implementation report (400 hrs) $40,000 $40,000

O&M
ICs (5 years) $10,000 $10,000 $10,000 $10,000 $10,000 $50,000
Long-term monitoring (5 years) $165,010 $51,350 $43,603 $43,603 $43,603 $347,169
Annual monitoring report (5 reports) $15,000 $15,000 $15,000 $15,000 $15,000 $75,000
5-year reviews (300 hrs x $100/hr) $30,000 $30,000
Close-out report $30,000 $30,000

Subtotal (with markups) $1,647,534 $76,350 $68,603 $68,603 $128,603 $1,989,693

Contingency (20%) $329,507 $15,270 $13,721 $13,721 $25,721 $397,940

Subtotal  (with contingency and markups) $1,977,041 $91,620 $82,324 $82,324 $154,324 $2,387,633

Escalation $0 $0 $0 $0 $0 $0

Total Cost $1,977,041 $91,620 $82,324 $82,324 $154,324 $2,387,633

NET PRESENT VALUE FACTOR 0.974659 0.949960 0.925887 0.902424 0.879555

NET PRESENT VALUE $1,926,941 $87,035 $76,223 $74,291 $135,737 $2,300,227

Table C-13
Cost Estimate Details for Alternative 5 (ISCO/ISB/MNA/ICs) at IRP-5S(a)

9/10/2008 10:19 AM Table C-13 page 1 of 2



Table C-13 (continued)

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
IRP – Installation Restoration Program
ISB – in situ  bioremediation
ISCO – in situ chemical oxidation
MNA – monitored natural attenuation
O&M – operation and maintenance
SF – square foot
USA – underground service alert
VOC – volatile organic compound
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Table 5-17 
Cost Estimate Summary for Alternative 5 (ISCO/ISB/MNA/ICs) at IRP-6 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $30,000   $30,000 
Predesign investigation     

USA notification and utility-locating survey $8,000    $8,000 
Define extent of VOCs in groundwater $13,000    $13,000 
Install and develop monitoring wells (3 wells) $28,000    $28,000 
Sample monitoring wells $13,000    $13,000 
Profile and dispose of IDW $3,000    $3,000 
Postconstruction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $120,000    $120,000 
ISCO treatment     

ISCO treatability testing $72,000    $72,000 
ISCO baseline sampling $39,000    $39,000 
ISCO treatment (3,200 square feet) $134,000    $134,000 
ISCO performance sampling $44,000    $44,000 

ISB treatment     
ISB treatability testing $60,000    $60,000 
ISB treatment (12,000 square feet) $284,000    $284,000 
ISB baseline sampling $34,000    $34,000 
Prepare ISB implementation report $30,000    $30,000 

Subtotal Capital Costs With Markupsa    $945,000 
O&M Costs     

ICs (5 years)  $10,000  $50,000 
Long-term groundwater monitoring (5 years)  $60,000  $300,000 
Annual groundwater monitoring report (5 reports)  $15,000  $75,000 
Five-year review   $30,000 $30,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $485,000 

Subtotal With Markupsa    $1,430,000 
Contingency (20%)    $286,000 

Subtotal With Markups and Contingency    $1,716,000 
Escalation (Base December 2007)    $0 

Total Cost    $1,716,000 
   Present Value of Alternative 5 (based on 2007 dollars)b     $1,644,000 
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Table 5-17 (continued) 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b the present value is calculated by adding the capital costs to the present worth of the O&M annual 

expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 2.6 percent (OMB 2007) was used 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
IRP – Installation Restoration Program 
ISB – in situ bioremediation 
ISCO – in situ chemical oxidation 
MNA – monitored natural attenuation 
O&M – operation and maintenance 
USA – underground service alert 
VOC – volatile organic compound 
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Cost Item
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Item
Total

2009 2010 2011 2012 2013
Capital Cost

Predesign investigation work plan (300 hrs) $30,000 $30,000
Predesign investigation

USA notification and sitewide utility-locating survey (2 
persons, 4 10-hr days, 80 hrs @ $100/hr)

$8,000
$8,000

Define extent of VOCs in GW $12,609 $12,609
Install and develop monitoring wells (3 each) $27,954 $27,954
Sample monitoring wells $12,785 $12,785
Profile and dispose of IDW $3,022 $3,022
Postconstruction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (1,200 hrs) $120,000 $120,000
ISCO Treatment

ISCO treatability testing $72,000 $72,000
ISCO baseline sampling $39,173 $39,173
ISCO treatment (24,000 SF) $133,564 $133,564
ISCO performance sampling $43,895 $43,895

ISB Treatment
ISB treatability testing $60,000 $60,000
ISB treatment (300,000 SF) $283,859 $283,859
ISB baseline sampling $34,017 $34,017
Prepare ISB implementation report (400 hrs) $30,000 $30,000

O&M
ICs (5 years) $10,000 $10,000 $10,000 $10,000 $10,000 $50,000
Long-term monitoring (5 years) $117,448 $51,350 $43,603 $43,603 $43,603 $299,607
Annual monitoring report (5 reports) $15,000 $15,000 $15,000 $15,000 $15,000 $75,000
5-year reviews (300 hrs x $100/hr) $30,000 $30,000
Close-out report $30,000 $30,000

Subtotal (with markups) $1,086,175 $76,350 $68,603 $68,603 $128,603 $1,428,334

Contingency (20%) $217,235 $15,270 $13,721 $13,721 $25,721 $285,668

Subtotal  (with contingency and markups) $1,303,410 $91,620 $82,324 $82,324 $154,324 $1,714,002

Escalation $0 $0 $0 $0 $0 $0

Total Cost $1,303,410 $91,620 $82,324 $82,324 $154,324 $1,714,002

NET PRESENT VALUE FACTOR 0.974659 0.949960 0.925887 0.902424 0.879555

NET PRESENT VALUE $1,270,380 $87,035 $76,223 $74,291 $135,737 $1,643,666

Table C-14
Cost Estimate Details for Alternative 5 (ISCO/ISB/MNA/ICs) at IRP-6

9/10/2008 10:19 AM Table C-14 page 1 of 2



Table C-14 (continued)

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
IRP – Installation Restoration Program
ISB – in situ  bioremediation
ISCO – in situ chemical oxidation
MNA – monitored natural attenuation
O&M – operation and maintenance
SF – square foot
USA – underground service alert
VOC – volatile organic compound
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Table 5-19 
Cost Estimate Summary for Alternative 6 (Hydraulic Control/MNA/ICs) at IRP-5S(a) 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $30,000   $30,000 
Predesign investigation     

USA notification and utility-locating survey $4,000    $4,000 
Define extent of VOCs in groundwater $22,000    $22,000 
Install and develop monitoring wells (2 wells) $18,000    $18,000 
Sample monitoring wells $19,000    $19,000 
Profile and dispose of IDW $6,000    $6,000 
Post-construction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $80,000    $80,000 
Groundwater extraction system     

Install extraction well $33,000    $33,000 
Profile and dispose of well cuttings $2,000    $2,000 
Piping to OU-1 treatment facility $120,000    $120,000 

Prepare well installation report $4,000    $4,000 
Subtotal Capital Costs With Markupsa    $371,000 

O&M Costs     
ICs (30 years)  $10,000  $300,000 
Long-term groundwater monitoring (30 years)  $16,433  $493,000 
O&M of extraction system (30 years)  $3,033  $91,000 
Annual groundwater monitoring report (10 reports)b  $15,000  $150,000 
Five-year reviews (6 reports)   $30,000 $180,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $1,244,000 

Subtotal With Markupsa    $1,615,000 
Contingency (20%)    $323,000 

Subtotal With Markups and Contingency    $1,938,000 
Escalation (Base December 2007)    $0 

Total Cost    $1,938,000 
Present Value of Alternative 6 (based on 2007 dollars)c     $1,532,000 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b groundwater monitoring reporting assumed to be performed annually for the first 10 years 
c the present value is calculated by adding the capital costs to the present worth of the O&M annual 

expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 3.0 percent (OMB 2007) was used 
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Table 5-19 (continued) 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
IRP – Installation Restoration Program 
MNA – monitored natural attenuation 
O&M – operation and maintenance 
OU – operable unit 
USA – underground service alert 
VOC – volatile organic compound 
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Cost Item
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Calendar
 Year6

Calendar
 Year 7

Calendar
 Year 8

Calendar
 Year 9

Calendar
 Year 10

Calendar
 Year 11

Calendar
 Year 12

Calendar
 Year 13

Calendar
 Year 14

Calendar
 Year 15

Calendar
 Year 16

Calendar
 Year 17

Calendar
 Year 18

Calendar
 Year 19

Calendar
 Year 20

Calendar
 Year 21

Calendar
 Year 22

Calendar
 Year 23

Calendar
 Year 24

Calendar
 Year 25

Calendar
 Year 26

Calendar
 Year 27

Calendar
 Year 28

Calendar
 Year 29

Calendar
 Year 30

Item
Total

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2039
Capital Cost

Predesign investigation work plan (300 hrs) $30,000 $30,000
Predesign investigation

USA notification and sitewide utility-locating 
survey (2 persons, 2 10-hr days, 40 hrs @ 
$100/hr)

$4,000

$4,000
Define extent of VOCs in GW $21,620 $21,620
Install and develop monitoring wells (2 each) $18,582 $18,582
Sample monitoring wells $18,952 $18,952
Profile and dispose of IDW $5,937 $5,937
Postconstruction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (800 hrs) $80,000 $80,000
GW Extraction System

Install extraction well $33,360 $33,360
Profile and dispose well cuttings $2,157 $2,157
Piping to OU-1 treatment facility $119,761 $119,761
Prepare well installation report (40 hrs) $4,000 $4,000

O&M
ICs (30 years) $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $300,000
Long-term monitoring (30 years) $138,275 $88,127 $22,572 $22,572 $22,572 $22,151 $22,151 $22,151 $22,151 $22,151 $22,151 $22,151 $22,151 $22,151 $493,477
Operate and maintain extraction system (30 years) $260 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $90,508
Annual monitoring reports (10 reports) $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $150,000
5-year reviews (300 hrs x $100/hr) $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $180,000
Close-out report $30,000 $30,000

Subtotal (with markups) $534,753 $116,239 $50,684 $50,684 $80,684 $50,263 $50,263 $50,263 $50,263 $80,263 $13,112 $13,112 $13,112 $13,112 $65,263 $13,112 $13,112 $13,112 $13,112 $65,263 $13,112 $13,112 $13,112 $13,112 $65,263 $13,112 $13,112 $13,112 $13,112 $95,263 $1,615,203

Contingency (20%) $106,951 $23,248 $10,137 $10,137 $16,137 $10,053 $10,053 $10,053 $10,053 $16,053 $2,622 $2,622 $2,622 $2,622 $13,053 $2,622 $2,622 $2,622 $2,622 $13,053 $2,622 $2,622 $2,622 $2,622 $13,053 $2,622 $2,622 $2,622 $2,622 $19,053 $323,039

Subtotal  (with contingency and markups) $641,704 $139,487 $60,821 $60,821 $96,821 $60,316 $60,316 $60,316 $60,316 $96,316 $15,734 $15,734 $15,734 $15,734 $78,316 $15,734 $15,734 $15,734 $15,734 $78,316 $15,734 $15,734 $15,734 $15,734 $78,316 $15,734 $15,734 $15,734 $15,734 $114,316 $1,938,242

Escalation $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Cost $641,704 $139,487 $60,821 $60,821 $96,821 $60,316 $60,316 $60,316 $60,316 $96,316 $15,734 $15,734 $15,734 $15,734 $78,316 $15,734 $15,734 $15,734 $15,734 $78,316 $15,734 $15,734 $15,734 $15,734 $78,316 $15,734 $15,734 $15,734 $15,734 $114,316 $1,938,242

NET PRESENT VALUE FACTOR 0.970874 0.942596 0.915142 0.888487 0.862609 0.837484 0.813092 0.789409 0.766417 0.744094 0.722421 0.701380 0.680951 0.661118 0.641862 0.623167 0.605016 0.587395 0.570286 0.553676 0.537549 0.521893 0.506692 0.491934 0.477606 0.463695 0.450189 0.437077 0.424346 0.411987

NET PRESENT VALUE $623,014 $131,480 $55,660 $54,039 $83,519 $50,514 $49,042 $47,614 $46,227 $71,668 $11,367 $11,036 $10,714 $10,402 $50,268 $9,805 $9,519 $9,242 $8,973 $43,362 $8,458 $8,211 $7,972 $7,740 $37,404 $7,296 $7,083 $6,877 $6,677 $47,097 $1,532,280

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
IRP – Installation Restoration Program
MNA – monitored natural attenuation
O&M – operation and maintenance
OU – operable unit
USA – underground service alert
VOC – volatile organic compound

Table C-15
Cost Estimate Details for Alternative 6 (Hydraulic Control/MNA/ICs) at IRP-5S(a)
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Table 5-20 
Cost Estimate Summary for Alternative 6 (Hydraulic Control/MNA/ICs) at the MPA 

Description 
Capital 

Cost 

Annual 
Average 

Cost 

Every 
Fifth 
Year 
Cost Total Cost 

Capital Costs      
Predesign investigation work plan design $30,000   $30,000 
Predesign investigation     

USA notification and utility-locating survey $4,000    $4,000 
Define extent of VOCs in groundwater $14,000    $14,000 
Install and develop monitoring wells (4 wells) $31,000    $31,000 
Sample monitoring wells $14,000    $14,000 
Profile and dispose of IDW $3,000    $3,000 
Post-construction survey $3,000    $3,000 
Initial investigation report $30,000    $30,000 

Remedial design $80,000    $80,000 
Groundwater extraction system     

Install extraction well $33,000    $33,000 
Profile and dispose of well cuttings $2,000    $2,000 
Piping to OU-1 treatment facility $10,000    $10,000 

Prepare well installation report $4,000    $4,000 
Subtotal Capital Costs With Markupsa    $258,000 

O&M Costs     
ICs (30 years)  $10,000  $300,000 
Long-term groundwater monitoring (30 years)  $15,900  $477,000 
O&M of extraction system (30 years)  $3,033  $91,000 
Annual groundwater monitoring report (10 reports)b  $15,000  $150,000 
Five-year reviews (6 reports)   $30,000 $180,000 
Close-out report    $30,000 

Subtotal O&M Costs With Markupsa    $1,228,000 

Subtotal With Markupsa    $1,486,000 
Contingency (20%)    $297,000 

Subtotal With Markups and Contingency    $1,783,000 
Escalation (Base December 2007)    $0 

Total Cost    $1,783,000 
   Present Value of Alternative 6 (based on 2007 dollars)c     $1,384,000 

Notes: 
a markups include general conditions consisting of overall project management, overhead, bonds 

and insurance, home office support, taxes, and profit 
b groundwater monitoring reporting assumed to be performed annually for the first 10 years 
c the present value is calculated by adding the capital costs to the present worth of the O&M annual 

expenditures and periodic costs priced as of December 2007 (including contingency allowances); 
because the tasks may be completed at different times, the present value was calculated on the 
basis of real discount rate; for this alternative, a discount rate of 3.0 percent (OMB 2007) was used 

09/10/08 8:02 AM sam cto062\fs\table 5-20.doc page 1 of 2 
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Table 5-20 (continued) 

Acronyms/Abbreviations: 
IC – institutional control 
IDW – investigation-derived waste 
MNA – monitored natural attenuation 
MPA – Mingled Plumes Area 
O&M – operation and maintenance 
OU – operable unit 
USA – underground service alert 
VOC – volatile organic compound 

09/10/08 8:02 AM sam cto062\fs\table 5-20.doc page 2 of 2 



Cost Item
Calendar
 Year 1

Calendar
 Year 2

Calendar
 Year 3

Calendar
 Year 4

Calendar
 Year 5

Calendar
 Year6

Calendar
 Year 7

Calendar
 Year 8

Calendar
 Year 9

Calendar
 Year 10

Calendar
 Year 11

Calendar
 Year 12

Calendar
 Year 13

Calendar
 Year 14

Calendar
 Year 15

Calendar
 Year 16

Calendar
 Year 17

Calendar
 Year 18

Calendar
 Year 19

Calendar
 Year 20

Calendar
 Year 21

Calendar
 Year 22

Calendar
 Year 23

Calendar
 Year 24

Calendar
 Year 25

Calendar
 Year 26

Calendar
 Year 27

Calendar
 Year 28

Calendar
 Year 29

Calendar
 Year 30

Item
Total

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2039
Capital Cost

Predesign investigation work plan (300 hrs) $30,000 $30,000
Predesign investigation

USA notification and sitewide utility-locating 
survey (2 persons, 2 10-hr days, 40 hrs @ 
$100/hr)

$4,000

$4,000
Define extent of VOCs in GW $14,361 $14,361
Install and develop monitoring wells (4 each) $31,428 $31,428
Profile and dispose of IDW $3,034 $3,034
Sample monitoring wells $14,119 $14,119
Postconstruction site survey $2,849 $2,849
Initial investigation report (300 hrs) $30,000 $30,000

Remedial design (800 hrs) $80,000 $80,000
GW Extraction System

Install extraction well $66,720 $66,720
Profile and dispose well cuttings $4,314 $4,314
Piping to OU-1 treatment facility (700 LF) $17,157 $17,157
Prepare well installation report (50 hrs) $5,000 $5,000

O&M
ICs (30 years) $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $300,000
Long-term monitoring (30 years) $100,639 $83,090 $27,751 $27,751 $27,751 $27,751 $27,751 $27,751 $27,751 $27,751 $17,754 $17,754 $17,754 $17,754 $476,753
Operate and maintain extraction system (30 years) $260 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $3,112 $90,508
Annual monitoring report (10 reports) $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $150,000
5-year reviews (300 hrs x $100/hr) $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $180,000
Close-out report $30,000 $30,000

Subtotal (with markups) $428,881 $111,202 $55,863 $55,863 $85,863 $55,863 $55,863 $55,863 $55,863 $85,863 $13,112 $13,112 $13,112 $13,112 $60,866 $13,112 $13,112 $13,112 $13,112 $60,866 $13,112 $13,112 $13,112 $13,112 $60,866 $13,112 $13,112 $13,112 $13,112 $90,866 $1,530,243

Contingency (20%) $85,776 $22,240 $11,173 $11,173 $17,173 $11,173 $11,173 $11,173 $11,173 $17,173 $2,622 $2,622 $2,622 $2,622 $12,173 $2,622 $2,622 $2,622 $2,622 $12,173 $2,622 $2,622 $2,622 $2,622 $12,173 $2,622 $2,622 $2,622 $2,622 $18,173 $306,044

Subtotal  (with contingency and markups) $514,657 $133,442 $67,036 $67,036 $103,036 $67,036 $67,036 $67,036 $67,036 $103,036 $15,734 $15,734 $15,734 $15,734 $73,039 $15,734 $15,734 $15,734 $15,734 $73,039 $15,734 $15,734 $15,734 $15,734 $73,039 $15,734 $15,734 $15,734 $15,734 $109,039 $1,836,287

Escalation $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Cost $514,657 $133,442 $67,036 $67,036 $103,036 $67,036 $67,036 $67,036 $67,036 $103,036 $15,734 $15,734 $15,734 $15,734 $73,039 $15,734 $15,734 $15,734 $15,734 $73,039 $15,734 $15,734 $15,734 $15,734 $73,039 $15,734 $15,734 $15,734 $15,734 $109,039 $1,836,287

NET PRESENT VALUE FACTOR 0.970874 0.942596 0.915142 0.888487 0.862609 0.837484 0.813092 0.789409 0.766417 0.744094 0.722421 0.701380 0.680951 0.661118 0.641862 0.623167 0.605016 0.587395 0.570286 0.553676 0.537549 0.521893 0.506692 0.491934 0.477606 0.463695 0.450189 0.437077 0.424346 0.411987

NET PRESENT VALUE $499,667 $125,782 $61,347 $59,561 $88,880 $56,142 $54,506 $52,919 $51,378 $76,668 $11,367 $11,036 $10,714 $10,402 $46,881 $9,805 $9,519 $9,242 $8,973 $40,440 $8,458 $8,211 $7,972 $7,740 $34,884 $7,296 $7,083 $6,877 $6,677 $44,923 $1,435,350

Acronyms/Abbreviations:
GW – groundwater
hr – hour
IC – institutional control
IDW – investigation-derived waste
LF – linear feet
MNA – monitored natural attenuation
MPA – Mingled Plumes Area 
O&M – operation and maintenance
OU – operable unit
USA – underground service alert
VOC – volatile organic compound

Table C-16
Cost Estimate Details for Alternative 6 (Hydraulic Control/MNA/ICs) at the MPA
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Section 5 
DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 
This section describes the remedial alternatives in further detail and evaluates their performance 
against NCP criteria.  Based on technology screening results (Section 3), alternatives have been 
developed and screened for each of the six OU-4B sites (Section 4).  For purposes of this FS 
Report, OU-4B sites were grouped into two general categories as defined previously in Section 1:  
low concentration sites (IRP-11, IRP-13W, and MMS-04) and moderate concentrations sites 
(IRP-5S[a], IRP-6, and the MPA). 

The following retained remedial alternatives are described and evaluated in this section to 
provide decision makers a range of alternatives for groundwater at OU-4B sites. 

• Alternative 1 – no action (evaluated for all six sites) 

• Alternative 2 – ICs (evaluated for all six sites) 

• Alternative 3 – MNA/ICs (evaluated for all six sites) 

• Alternative 4 – ISB/MNA/ICs (evaluated for the three moderate concentration sites) 

• Alternative 5 – ISCO/ISB/MNA/ICs (evaluated for IRP-5S[a] and IRP-6) 

• Alternative 6 – hydraulic control/MNA/ICs (evaluated for IRP-5S[a] and MPA) 

Section 5.1 describes the criteria specified in CERCLA and the NCP for assessment of remedial 
alternatives.  Sections 5.2 through 5.7 present detailed analyses of the six remedial alternatives 
and include the following: 

• a description of the key components of each remedial alternative, emphasizing how 
selected technologies and process options would be applied at the low and moderate 
concentrations sites 

• an assessment of each remedial alternative by comparison with the CERCLA/NCP 
evaluation criteria described in Section 5.1 

In this section, the six OU-4B remedial alternatives are evaluated against the NCP criteria.  A 
comparative analysis of the relative advantages and disadvantages for each alternative for low 
and moderate concentration sites is presented in Section 6. 

5.1 EVALUATION CRITERIA 
The following nine criteria are stipulated in the NCP at 40 C.F.R. § 300.430(e)(9)(iii) for 
the evaluation of remedial alternatives under CERCLA: 

• 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, or volume through treatment 
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– short-term effectiveness 

– implementability 

– cost 

• modifying criteria: 

– state acceptance 

– community acceptance 

CERCLA Section 121(d) and the NCP at 40 C.F.R. § 300.430(f)(1)(ii) require that a 
cleanup remedy must protect human health and the environment and comply with 
ARARs unless justification to waive a specific ARAR is provided in the ROD.  In other 
words, both threshold criteria must be satisfied for a remedial alternative to be eligible for 
selection unless an ARAR waiver applies.  The remedial alternatives do not have to 
meet all five balancing criteria, although it is preferred.  Evaluation against modifying 
criteria is the final test in determining whether the state and the community find the 
alternative acceptable. 

The nine NCP criteria are further defined by subcriteria and other factors (U.S. EPA 1988b).  
The following sections explain the nine NCP criteria and summarize the relevant 
subcriteria and other factors. 

5.1.1 Overall Protection of Human Health and the Environment 
This threshold criterion assesses the extent to which an alternative protects human health 
and the environment, considering site characteristics and expected risk reduction.  
Evaluation of the overall protection of human health and the environment afforded by each 
alternative draws on assessments made under several other NCP criteria, especially short-
term effectiveness, long-term effectiveness and permanence, and compliance with ARARs. 

The following issues are considered for each alternative under this criterion: 
• whether an alternative achieves adequate protection of human health 

• reduction in risk to human health and the environment for complete pathways 

• achievement of remediation goals for OU-4B groundwater 

5.1.2 Compliance With ARARs 
This threshold criterion determines whether an alternative would comply with all federal 
and state ARARs, as defined by CERCLA Section 121 and identified in Appendix A of 
this report for OU-4B.  When an ARAR is not met, the basis for justifying one of the six 
waivers allowed under CERCLA should be discussed. 

5.1.3 Long-Term Effectiveness and Permanence 
This balancing criterion examines the impact of a remedial alternative in the long term, 
defined in U.S. EPA guidance as the risk remaining after response objectives have been 
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met (U.S. EPA 1988a).  Evaluation of a remedial alternative relative to its long-term 
effectiveness and permanence is made considering the following factors: 

• magnitude of the residual risk to human and environmental receptors from 
remaining affected groundwater contaminants at the completion of remedial 
activities 

• type, degree, and adequacy of long-term management (including ICs, 
monitoring, and O&M) required for affected groundwater remaining at the site 

• long-term reliability of ICs to provide continued protection to human and 
environmental receptors from affected groundwater 

• potential need to replace components of the remedy and the continuing need for 
repairs or maintenance 

5.1.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 
This balancing criterion addresses CERCLA’s statutory preference for remedial 
alternatives that employ treatment technologies to permanently and significantly reduce 
the toxicity, mobility, or volume of hazardous substances compared to baseline 
conditions.  For OU-4B, this preference would be satisfied when treatment is used to 
reduce the exposure to impacted groundwater, immobilize or remove contaminants in the 
subsurface, reduce the total mass of VOCs in the subsurface, reduce the volume of 
VOC-impacted groundwater, or irreversibly reduce VOC mobility.  Alternatives that do 
not use treatment technologies to achieve these goals, such as excavation and off-site 
landfill disposal of VOC-affected soil without treatment, are not rated favorably under 
this criterion. 

The evaluation of alternatives by this criterion considers several specific factors: 
• treatment processes used 

• amount of hazardous materials that would be treated, including how the 
principal threats would be addressed 

• degree of expected reduction in toxicity, mobility, or volume measured as a 
percentage of baseline conditions 

• degree to which the treatment is irreversible 

• type and quantity of treatment residuals 

5.1.5 Short-Term Effectiveness 
This balancing criterion considers how an alternative affects human health and the 
environment during cleanup (i.e., the short term).  “Short term” is defined in U.S. EPA 
guidance as the time required to plan, design, construct, and operate a system of cleanup 
until response objectives are met (U.S. EPA 1988b).  The short-term effectiveness of a 
remedial alternative is evaluated relative to its effect on human health and the 
environment during implementation.  The following factors are considered: 
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• short-term risks that might be imposed on the community, such as dust from 
excavation or transportation of chemicals through the local area to the 
treatment location 

• potential impacts on workers during construction and O&M, as well as the 
effectiveness and reliability of the protective measures that would be taken 

• potential environmental impacts of the remedial action and the effectiveness and 
reliability of mitigation measures that would be taken during implementation 

• amount of time required before protection is achieved, i.e., the duration of the 
short term 

5.1.6 Implementability 
This balancing criterion evaluates the technical and administrative feasibility of an 
alternative.  The availability of required equipment, materials, and services is also 
considered.  When assessing implementability, the following factors are considered: 

• technical feasibility, which refers to the relative ease of implementing or 
completing an action based on site-specific constraints, including the use of 
established technologies; the following factors are considered: 

– constructability of components necessary for the alternative 

– operational reliability, or the likelihood that a technology would meet 
specified efficiency levels or performance goals 

– ability to undertake future remedial actions that may be required and the 
difficulty involved with implementing such actions 

– ability to monitor the effectiveness of the remedy 

• administrative feasibility, which includes the ability (as well as the time) 
required to obtain approvals from governmental bodies 

• availability of services and materials required to implement an alternative, 
including the following: 

– capacity and location of off-site TSD services 

– equipment (such as heavy construction equipment) and specialists needed to 
operate that equipment 

– time needed to develop new or innovative technologies under consideration, 
including the time required for bench- and pilot-scale testing 

– potential for obtaining competitive construction bids, a factor that may be 
particularly important for innovative technologies  

5.1.7 Cost 
Procedures outlined in U.S. EPA guidance (U.S. EPA 1987, 1988b, 2000) have been 
followed in developing cost estimates for each retained remedial alternative.  These cost 
estimates are based on the conceptual engineering designs described in Sections 5.2 
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through 5.7.  All estimates include capital costs and O&M costs and are expressed as 
present value in terms of December 2007 dollars (Appendix C).  Details of the 
alternatives (e.g., number of new monitoring wells, frequency of groundwater sampling, 
analysis parameters, and amendment type and volume) would be determined in the 
remedial design phase.  The assumptions used in estimating costs in this FS Report are 
described in Appendix C.  The estimated costs presented in this FS Report are solely for 
the purpose of comparing alternatives; these costs should not be used for budgetary or 
planning purposes, because actual costs may change based on the final design, pilot-test 
results, and the length of time ICs are in place. 

For costing purposes, proprietary products were evaluated for the ISB and ISCO portions 
of Alternatives 4 and 5.  The costs to implement ISB and ISCO using different substrates 
for treatment of TCE and 1,1-DCE will vary somewhat, but cost estimates are intended to 
be representative of these technologies for comparison purposes.  The actual products to 
be used at OU-4B (if these alternatives are selected) would be specified in the remedial 
design. 

5.1.8 State Acceptance 
This modifying criterion evaluates remedial alternatives with respect to the concerns of 
state agencies.  Formal comments made by the State of California during review of the 
draft FS Report (BEI 2005) were evaluated and considered in the preparation of this 
revised draft FS Report.  Comments from the State of California, as well as from U.S. EPA 
and the City of Tustin, on the revised draft FS Report have been taken into consideration 
for the final version of this document.  Copies of these comments and the Navy’s 
responses are included in Appendix E.  State comments on the remedy selected for 
OU-4B will also be addressed in the ROD.  Because state acceptance will be evaluated 
after receipt of comments on this document, this criterion is not evaluated as part of the 
detailed analysis of each alternative presented in Sections 5.2 through 5.7. 

5.1.9 Community Acceptance 
This modifying criterion assesses issues of concern to the community regarding each 
remedial alternative.  As stated above, comments on the revised draft FS Report 
(Appendix E) have been taken into consideration for the final version of the document.  
Comments will be solicited from community members during the public review period 
for the Proposed Plan (PP) for OU-4B.  These comments will be considered in the 
remedy selection process.  A summary of public comments and responses will be 
included in the ROD.  Since community acceptance will be evaluated after the public 
comment period for this document, this criterion is not evaluated as part of the detailed 
analysis of each alternative presented in Sections 5.2 through 5.7. 

5.2 ALTERNATIVE 1 – NO ACTION 
Alternative 1 is the no action alternative.  Per the NCP at 40 C.F.R. § 300.430(e)(6), this 
alternative must be evaluated in the same manner as the other remedial response actions 
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would apply under the no action alternative; according to CERCLA Section 121, the 
requirement to meet ARARs applies only when a response action is taken. 

5.3 ALTERNATIVE 2 – ICs 
Alternative 2 would rely on ICs to protect human health and prevent potentially 
unacceptable human exposure to contaminants in groundwater.  This alternative is 
evaluated for all six OU-4B sites; it would not include active measures to extract, treat, or 
contain VOC plumes at OU-4B, but would depend on natural attenuation processes at 
each site for which this alternative is selected to reduce contaminant concentrations.  This 
alternative relies on physical (nonbiological) attenuation processes to reduce VOC 
concentrations in groundwater with time; thus, analysis of groundwater samples for MNA 
parameters is not considered a necessary component of this alternative.  Therefore, the 
groundwater sampling conducted as part of this alternative is assumed to be limited to the 
amount of sampling required to assess the need for continuing ICs. 

For cost-estimating and FS purposes, a limited amount of groundwater sampling is 
assumed to be conducted under this alternative.  Groundwater sampling would be 
performed with the purpose of comparing VOC concentrations against remediation goals.  
Five-year reviews would be included to evaluate the continued protectiveness of the 
alternative.  ICs would be discontinued once remediation goals were met or once the 
Navy and regulatory agencies agreed that the site no longer warranted continuation of the 
IC program. 

5.3.1 Description 
Alternative 2 includes the following components: 

• a predesign groundwater investigation with new monitoring well installation 

• ICs to prohibit domestic use of groundwater 

• limited groundwater sampling in conjunction with 5-year reviews to assess 
concentrations relative to remediation goals 

• periodic reviews 

For cost-estimating purposes, the duration of ICs at low concentration sites (IRP-11, 
IRP-13W, and MMS-04) is assumed to be 10 years.  The duration of ICs at moderate 
concentration sites (IRP-5S[a], IRP-6, and the MPA) is assumed to be 30 years.  The 
extent of VOCs in groundwater above remediation goals would be refined based on 
analytical results from the predesign investigation included as part of this alternative. 

5.3.1.1 PREDESIGN GROUNDWATER INVESTIGATION AND MONITORING 
WELL INSTALLATION 

A predesign groundwater investigation would be conducted for Alternative 2 to verify the 
extent of VOCs in groundwater at concentrations above remediation goals and to 
determine where to install new monitoring wells.  The current interpreted extent of VOCs 
for each of the six areas is shown on Figures 5-3 through 5-8. 
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The predesign groundwater investigation is assumed for FS purposes to consist of the 
following components. 

• Collect discrete groundwater samples from approximately 18 locations at the 
three low concentration sites, 4 locations at IRP-5S(a), 3 locations at IRP-6, and 
4 locations at the MPA (29 locations total).  Each discrete groundwater sample 
would be collected from temporary prepack monitoring wells installed in direct-
push borings.  This sampling method is intended to minimize the upward bias 
typically associated with grab groundwater sampling and to collect samples 
more representative of monitoring well samples. 

• Install, develop, and sample 12 new first WBZ monitoring wells in the three low 
concentration sites, 2 new wells at IRP-5S(a), 3 new wells at IRP-6, and 4 new 
wells in the MPA (21 new monitoring wells total).  Groundwater samples would 
also be collected from existing wells at the moderate concentration sites.  The 
groundwater samples from the new and existing monitoring wells would be 
analyzed for VOCs and field parameters (e.g., pH, conductivity, temperature, 
turbidity, ferrous iron, ORP, and dissolved oxygen).  The VOC results and field 
parameters reported for these samples would serve as a baseline against which 
subsequent groundwater sampling results would be compared. 

The assumed discrete groundwater sampling locations and the assumed locations of the 
new monitoring wells for each site are shown on Figures 5-3 through 5-8.  These 
locations are assumed to delineate each plume and evaluate the extent of VOCs at each 
site.  The actual locations would be determined during the remedial design phase.  During 
the remedial design phase, groundwater monitoring data collected to date would be 
evaluated with respect to groundwater modeling results presented in this FS Report, and 
additional modeling would be conducted as necessary to support the remedial design. 

5.3.1.2 INSTITUTIONAL CONTROLS 
Under Alternative 2, ICs have been assumed for the purpose of this FS Report; however, 
the actual ICs to be implemented would be established in the ROD and subsequent 
remedial design/remedial action documentation.  ICs would be implemented to prohibit 
the domestic use of groundwater at OU-4B sites and to maintain the integrity of the 
remedial action components until remediation goals were met or the Navy and regulatory 
agencies agreed that the site no longer warranted continuation of the IC program.  (If 
monitoring well sampling results in the plume area at a given site indicate that VOC 
concentrations do not exceed MCLs, then ICs would not be necessary and would not be 
implemented in that area.) 

Where monitoring well sampling results at OU-4B sites indicate that remediation goals 
are exceeded, ICs would be put in place to:  

• prohibit the alteration, disturbance, or removal of groundwater monitoring and 
remediation systems;  

• allow access to construct, operate, and maintain components of the remedy; and  

• prohibit the extraction of groundwater for domestic purposes and installation of 
new groundwater supply wells. 
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The Navy would develop and implement an IC program using the strategies described in 
Section 3.2.2.2.  The final ICs would be described in the ROD and subsequent remedial 
design documents and would be geared toward future uses of the property. 

The effectiveness of ICs for this alternative would be reviewed periodically as part of the 
CERCLA 5-year review process.  For cost-estimating purposes, the assumed duration of 
ICs is 10 years for low concentration sites and 30 years for moderate concentration sites. 

5.3.1.3 LIMITED GROUNDWATER SAMPLING 
For Alternative 2, it is assumed that the Navy would develop and implement a limited 
groundwater sampling program for the purpose of assessing whether or not remediation 
goals have been met.  The assumed monitoring schedule for the six sites is summarized in 
Table 5-3.  The groundwater sampling program would include sampling of existing and 
new monitoring wells for VOC analysis once in year 1 as part of remedial design and 
once every fifth year in conjunction with 5-year reviews for the duration of the IC 
program.  Water levels would be measured in each well at each event, and field 
parameters (pH, conductivity, temperature, turbidity, ORP, and dissolved oxygen) would 
also be recorded.  Wastewater generated from sampling would be treated by the existing 
OU-1A and OU-1B treatment systems and discharged in accordance with the existing 
OCSD discharge permit.  No analysis for MNA parameters would be performed because 
assessment of attenuation processes is not an objective of this alternative.  Results of 
groundwater sampling would be reported in conjunction with 5-year review reports. 

5.3.1.4 REVIEWS AND REPORTING 
Five-year review reports would be prepared pursuant to CERCLA Section 121 and the 
NCP requirements.  For Alternative 2, it is assumed that two 5-year reviews would be 
prepared for low concentration sites, and six 5-year reviews would be conducted for the 
moderate concentration sites.  A closeout report would be prepared at the termination of 
the ICs.  Reviews would be documented in summary reports issued to appropriate 
regulatory agencies.  In addition, a summary report would be prepared detailing the 
activities and findings of the predesign groundwater investigation. 

5.3.2 Evaluation by Criteria 
Evaluation of Alternative 2 by the balancing criteria for low and moderate concentration 
sites at OU-4B is presented in Tables 5-1 and 5-2, respectively.  Estimated costs 
associated with Alternative 2 for low concentration sites are summarized in Table 5-4.  
Estimated costs associated with moderate concentration sites (IRP-5S[a], IRP-6, and the 
MPA) for Alternative 2 are summarized in Tables 5-5 through 5-7.  Appendix C provides 
cost backup and supporting details.  A discussion of Alternative 2 relative to the 
threshold criteria follows.  Modifying criteria are discussed in Section 6. 

5.3.2.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
Alternative 2 is considered protective of human health and the environment for all six 
sites.  This alternative could be considered if risk management decision makers conclude 
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Table 5-3 
Assumed Monitoring Schedule for Alternative 2 

Year 
Number of New 
Wells Installed 

Number of Wells 
Sampled 

Sampling 
Frequency 

Number of 
Sampling Events 

Low Concentration Sites (3 sites) 
0–10 12 12 Every 5 years 3 

IRP-5S(a) 
0–30 2 16 Every 5 years 7 

IRP-6 
0–30 3 11 Every 5 years 7 

Mingled Plumes Area 
0–30 4 11 Every 5 years 7 

Acronym/Abbreviation: 
IRP – Installation Restoration Program 

09/10/08 7:56 AM sam cto062\fs\table 5-3.doc page 1 of 1 
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requirements.  Two 5-year reports would be prepared at low concentration sites, and six 
5-year review reports would be prepared for moderate concentration sites.  A closeout 
report would be prepared for each site at the end of the MNA program.  Reviews would 
be documented in summary reports issued to appropriate regulatory agencies.  In 
addition, a summary report would be prepared detailing the activities and findings of the 
initial groundwater investigation. 

The periodic reviews would include use of remedial system optimization checklists and 
geographic information system (GIS) software to organize, manage, and evaluate 
monitoring data.  In addition, software designed to track the progress of MNA would be 
used to evaluate the effectiveness of Alternative 3. 

5.4.2 Evaluation by Criteria 
Evaluation of Alternative 3 by the balancing criteria for low and moderate concentration 
sites at OU-4B is presented in Tables 5-1 and 5-2, respectively.  Estimated costs 
associated with Alternative 3 for low concentration sites are summarized in Table 5-9.  
Estimated costs associated with moderate concentration sites (IRP-5S[a], IRP-6, and the 
MPA) for Alternative 3 are summarized in Tables 5-10, 5-11, and 5-12.  Appendix C 
provides cost backup and supporting details.  A discussion of Alternative 3 relative to the 
threshold criteria follows.  Modifying criteria are discussed in Section 6. 

5.4.2.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
Alternative 3 is considered protective of human health and the environment for all six 
sites.  This alternative could be considered if risk management decision makers conclude 
that an active remedy is not warranted at the site.  Groundwater monitoring data would be 
collected to assess the progress of MNA toward achieving remediation goals in each area 
for which this alternative is selected.  Alternative 3 would use ICs to prohibit domestic 
use of groundwater.  The ICs are assumed for costing purposes to be in place for 10 years 
at low concentration sites and 30 years at moderate concentration sites.  ICs would 
remain in place until remediation goals were met or the Navy and agencies agreed that 
the site did not present an unacceptable risk.  Groundwater sampling and periodic reviews 
would track progress toward achieving remediation goals and provide information to 
support future remedial action decisions. 

5.4.2.2 COMPLIANCE WITH ARARs 
The potential ARARs associated with Alternative 3 would be identical to those identified 
for Alternative 2 in Section 5.3.2.2.  A full discussion of ARARs is included in 
Appendix A. 

5.5 ALTERNATIVE 4 – ISB/MNA/ICs 
This subsection provides a description and detailed analysis of Alternative 4, which 
would treat VOCs in groundwater using enhanced anaerobic ISB technology.  This 
alternative is evaluated for the three moderate concentration sites (IRP-5S[a], IRP-6 and 
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the MPA).  Alternative 4 was not evaluated for low concentration sites for the reasons set 
forth in Section 4.3.1. 

A groundwater monitoring program would be implemented in conjunction with ISB to 
track bioremediation progress and reductions in VOC concentrations.  ICs would be 
instituted to prohibit domestic use of groundwater in the plume areas during the 
remediation time frame.  After the ISB process has been implemented, this alternative 
assumed that a period of MNA may be required to meet remediation goals. 

5.5.1 Description of Alternative 
Alternative 4 would employ anaerobic ISB technology to accelerate VOC contaminant 
degradation in the OU-4B plume areas for which this alternative is selected.  The same 
ICs described for Alternative 2 would be put in place for Alternative 4.  Major 
components of this alternative include a predesign groundwater investigation and 
monitoring well installation, enhanced anaerobic ISB treatment, groundwater monitoring, 
and ICs.  The assumed duration of Alternative 4 is 5 years. 

Figures 5-9, 5-10, and 5-11 depict the conceptual design of the ISB process for 
IRP-5S(a), IRP-6, and the MPA, respectively.  The extent of COCs in groundwater above 
remediation goals would be refined during the remedial design stage based on analytical 
results from the predesign investigation included as part of this alternative.  Assumptions 
made in this FS Report, such as the injected products, number and placement of the 
injection points, and the depth of the treatment areas, would also be evaluated at that 
time. 

5.5.1.1 PREDESIGN GROUNDWATER INVESTIGATION AND MONITORING 
WELL INSTALLATION 

A predesign groundwater investigation as described above for Alternative 2 (Section 5.3.1.1) 
would also be conducted for Alternative 4 in the areas for which this alternative is selected.  
The purpose and scope of the investigation would be identical to that described for 
Alternative 2.  During the remedial design phase, groundwater monitoring data collected 
to date would be evaluated with respect to groundwater modeling results presented in this 
FS Report, and additional modeling would be conducted as necessary to support the 
remedial design. 

5.5.1.2 ENHANCED ANAEROBIC ISB 
Alternative 4 would employ enhanced anaerobic ISB technology to accelerate the 
anaerobic degradation of TCE and 1,1-DCE in groundwater at OU-4B sites.  Enhanced 
anaerobic ISB is a process that generally accelerates the natural biodegradation of 
chlorinated VOCs by introducing a carbon substrate into the subsurface as an electron 
donor to provide a reducing environment.  A commercially available, robust strain of 
DHE bacteria capable of degrading the target compounds would also be added 
throughout the treatment zones.  Various types of carbon substrate and bioaugmentation 
strains might be selected by the Navy to treat the groundwater plumes as part of this 
enhanced anaerobic ISB alternative.  Anaerobic ISB treatment of chlorinated ethenes in 
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groundwater has been demonstrated at hundreds of sites across North America using a 
variety of food-grade substrates such as cheese whey, molasses, and several proprietary 
products. 

For FS purposes, it has been assumed that bench- and pilot-scale testing would be 
performed, including a bioaugmentation component on groundwater samples from IRP-6 
(where elevated sulfates present in groundwater must be considered in electron donor 
effectiveness evaluations) and other areas where this alternative is selected.  The type of 
electron donor product to be used would be specified in the remedial design phase of the 
project, based on bench- and pilot-testing results.  Samples for treatability testing would 
be collected before or during the predesign investigation.  Results of the treatability 
testing would be reported in remedial design documents and used to develop an 
appropriate ISB injection program.  The focus would be to assess different carbon 
substrates, dose rates, affect of elevated sulfate in groundwater (at IRP-6), and effects of 
bioaugmentation. 

For FS cost-estimating purposes, it has been assumed that a proprietary emulsified 
vegetable oil product and bioaugmentation culture would be injected as follows. 

• At IRP-5S(a), injections would be performed in ten rows (PRBs) averaging 
20 points per row (at 200 locations) with a spacing of 15 feet on center within 
each row (Figure 5-9).  The carbon substrate dose rate would be approximately 
1.1 drums per point (Sankey, pers. com. 2007). 

• At IRP-6, injections would be performed in six rows averaging 6 points per row 
(at 36 locations) with a spacing of 10 feet within each row (Figure 5-10).  The 
carbon substrate dose rate would be approximately 4.8 drums per point to 
account for elevated sulfate at this location (Sankey, pers. com. 2007). 

• At the MPA, injections would be performed in both the first and second WBZs.  
In the first WBZ, injection points would be advanced in ten rows averaging 
20 points per row with a spacing of 15 feet within each row (Figure 5-11).  In 
the second WBZ, injection points would be advanced in three rows with 
10 points per row.  The carbon substrate dose rate would be approximately 
1.5 drums per point at an assumed 230 points at this location (Sankey, pers. 
com. 2007). 

Injection point spacing presented in this FS Report (Figures 5-9, 5-10, and 5-11) was 
based on site geology, estimated sizes of treatment areas, experience with similar sites, 
and consultation with the product vendor.  The assumed dose rate stated above is subject 
to change based on bench- and pilot-scale test results. 

It is assumed that one injection treatment would be sufficient to reach remediation goals, 
based on an expected longevity of 3 to 5 years for the emulsified oil product.  If 
performance monitoring results indicate that remediation goals are not met within this 
time frame, then MNA monitoring would continue.  During remedial design, intermediate 
remediation goals (performance objectives) would be established to signal the time to 
switch from the ISB component of this alternative to MNA monitoring. 
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Measures to minimize possible contaminant migration during injection would be 
considered in the remedial design stage.  The injections would be performed using direct-
push drilling technology.  The material would be pumped into the subsurface through 
temporary injection screens at a rate of approximately 10 gpm and a pressure of 
approximately 50 pounds per square inch.  For cost-estimating purposes, it is assumed 
that the injections would focus on an approximately 15-foot-thick treatment zone for 
enhanced anaerobic ISB.  The depth of the treatment interval might be refined based on 
results of additional groundwater sampling conducted before remediation.  Performance 
of the ISB process would be evaluated through postinjection groundwater monitoring, as 
described below. 

For cost-estimating purposes, a total duration of 5 years is assumed for this alternative.  It 
is assumed that COC concentrations would have declined to levels below remediation 
goals and that 5 years of monitoring would have been completed within this period. 

5.5.1.3 ISB PERFORMANCE MONITORING 
Groundwater sampling and data evaluation would be performed prior to and following 
the electron donor and bioaugmentation product injections to document reductions in 
contaminant concentrations after enhanced anaerobic ISB implementation.  The 
monitoring program would be designed during the remedial design phase of the project.  
For FS purposes, this monitoring program is assumed to include the following. 

• Baseline Event – One baseline sampling event would be performed at each site for 
which this alternative is selected prior to the full-scale injections.  Samples 
collected during this baseline event would be analyzed for VOCs; MNA 
parameters (dissolved gases, anions, cations, total organic carbon, TDS, and 
dissolved metals); ferrous iron, sulfide, and chemical oxygen demand using field 
test kits; plus microbial analysis by a specialty laboratory.  Microbial tests are 
assumed to include quantitative polymerase chain reaction (qPCR) testing and 
phospholipid fatty acid (PLFA) testing.  The qPCR testing would provide bacteria 
counts for Dehalococcoides and total bacteria counts.  The PLFA testing would 
provide a ratio of different major groups of bacteria such as percent 
sulfate-reducing, percent aerobic, and percent anaerobic bacteria (Ogles, pers. 
com. 2007). 

• Three Monthly Events – Monthly, for the first 3 months after ISB injections, 
groundwater samples would be collected and analyzed for VOCs, field 
parameters, ferrous iron, and sulfide.  In the third monthly event, microbial 
testing would be repeated. 

• Quarterly Performance Monitoring – For the remainder of the first year, 
quarterly sampling would be performed similar to the baseline sampling event 
described above.  In the second through fifth years, quarterly sampling is 
assumed to continue with a shorter list of analyses and a reduced number 
of wells. 

The assumed monitoring program is described in detail for each of the three moderate 
concentration sites (IRP-5S[a], IRP-6, and the MPA) in Appendix C, Table C-1.  The 
above monitoring assumptions are for FS cost-estimating purposes only.  The actual 
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monitoring program would be presented during the remedial design stage and optimized 
during ISB implementation based on analysis of analytical results. 

5.5.1.4 MNA AND INSTITUTIONAL CONTROLS 
ICs have been included as a component of Alternative 4.  The actual ICs to be 
implemented would be established in the ROD and subsequent remedial design/remedial 
action documentation.  The scope of the ICs would be identical to that described for 
Alternative 2, except that the assumed duration of ICs for Alternative 4 would be 5 years. 

The ISB process described for this alternative is expected to continue for 3 to 5 years.  If, 
on completion of the ISB process, monitoring results indicate the remediation goals have 
not yet been achieved, this alternative assumes that the Navy would continue MNA 
monitoring until those goals are met. 

5.5.1.5 REVIEWS AND REPORTING 
For Alternative 4, it is assumed that five annual groundwater monitoring reports would be 
prepared.  One 5-year review report (at year 5) and one closeout report are included.  In 
addition, a summary report would be prepared detailing the activities and findings of the 
predesign groundwater investigation and implementation of the enhanced anaerobic ISB 
injections. 

A 5-year review pursuant to CERCLA Section 121 and the NCP is required if the 
selected remedy allows contaminants to remain at the site above levels that would permit 
unrestricted use of the site.  If the enhanced anaerobic ISB technology reduces 
concentrations of COCs to levels below remediation goals in less than 5 years, a 5-year 
review is not expected to be required.  However, the Navy would conduct a 5-year review 
for this site if the remediation goals were not achieved when the 5-year review was due. 

5.5.2 Evaluation by Criteria 
Evaluation of Alternative 4 by the balancing criteria for the three moderate concentration 
sites at OU-4B is presented in Table 5-2.  Estimated costs associated with this alternative 
for IRP-5S(a), IRP-6, and the MPA are summarized in Tables 5-13, 5-14, and 5-15 
respectively.  Appendix C provides cost backup and supporting details.  A discussion of 
Alternative 4 relative to the threshold criteria follows.  Modifying criteria are discussed in 
Section 6. 

5.5.2.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
Alternative 4 would be protective of human health and the environment.  The enhanced 
anaerobic ISB process should significantly reduce TCE and 1,1-DCE concentrations in 
groundwater at the OU-4B moderate concentration sites.  During remediation, ICs would 
prohibit domestic use of groundwater.  Groundwater monitoring would track the overall 
performance of the remedy. 
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5.5.2.2 COMPLIANCE WITH ARARs 
Alternative 4 is expected to meet potential chemical-specific, location-specific, and 
action-specific ARARs.  Potential ARARs for this alternative have been evaluated and 
identified in Appendix A.  Potential ARARs associated with monitoring, ICs, and 
management of IDW are the same as those described for Alternative 2 in Section 5.3.2.2. 

The SDWA Underground Injection Control Program regulations at 40 C.F.R. § 144.12(a) 
and 144.82(a)(1) are potentially applicable federal ARARs for the injection of treatment 
chemicals for this alternative.  These requirements prohibit injections that might violate 
primary drinking water standards or other health-based standards, which could adversely 
affect human health.  However, the injection of treatment chemicals under this alternative 
is not expected to result in a violation of primary drinking water standards or to adversely 
affect human health.  Injection of treatment chemicals would involve food-grade products 
and is directed at reducing COC concentrations. 

Some of the ISB injections for the MPA plume would be performed inside and adjacent 
to Building 28 (blimp hangar), a cultural resource.  The injections inside the blimp hangar 
would require coring approximately 3-inch-diameter holes in the floor of the hangar.  
Based on consultation with the State Historic Preservation Office, it is assumed that these 
activities would not adversely affect the hangar, and that a finding of no adverse impact 
would be granted for this component of the alternative.  The two blimp hangars at former 
MCAS Tustin were listed in the National Register of Historic Places in 1974.  Therefore, 
the National Historic Preservation Act (identified in Section 5.3.2.2) is a potential federal 
location-specific ARAR for this component of Alternative 4. 

5.6 ALTERNATIVE 5 – ISCO/ISB/MNA/ICs 
This subsection provides a description and detailed analysis of Alternative 5, which 
would treat areas of higher TCE concentrations with ISCO, followed by ISB, MNA, and 
ICs.  This alternative is evaluated for IRP-5S(a) and IRP-6.  Alternative 5 was not 
evaluated for the MPA or low concentration sites for the reasons set forth in Section 4.3.  
Major components of this alternative include a predesign groundwater investigation and 
monitoring well installation, ISCO treatment followed by enhanced anaerobic ISB 
treatment, groundwater monitoring, and ICs.  The assumed duration of Alternative 5 is 
5 years. 

5.6.1 Description of Alternative 
Alternative 5 would use ISCO to target the area with the highest concentrations of VOCs 
in groundwater for mass removal prior to ISB treatment.  A groundwater monitoring 
program would be implemented to track reductions in contaminant concentrations.  Based 
on interpretation of post-ISCO monitoring results, the Navy would evaluate the 
effectiveness of ISCO and the extent of ISB treatment required to reach remediation 
goals.  Figures 5-12 and 5-13 present the conceptual design of Alternative 5 for 
IRP-5S(a) and IRP-6, respectively.  The extent of COCs in groundwater with 
concentrations above remediation goals would be refined during the remedial design 
stage based on analytical results from the predesign investigation included as part of this 
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            1                        OPENING REMARKS  

            2       PRESENTED BY DEB THEROUX, DEPUTY BASE CLOSURE MANAGER

            3            NAVY INTERIM BRAC ENVIRONMENTAL COORDINATOR

            4               

            5               MS. THEROUX:  I want to welcome everyone to 
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            6     tonight's public meeting.  I appreciate you being here.  

            7     My name is Deb Theroux.  I am the BRAC Environmental 

            8     Coordinator representing the Navy and former MCAS Tustin.  

            9               Tonight's public meeting focuses on the 

           10     Operable Unit 4B proposed plan; and hopefully everyone 

           11     has had an opportunity to take a look at the poster 

           12     boards that are outside and an opportunity to pick up any 

           13     of the handouts, one of which would be a copy of the 

           14     proposed plan if you do not have that.  There are also 

           15     copies of tonight's presentation.  

           16               The purpose of the meeting is to present that, 

           17     the overview to you, and provide you, the public, an 

           18     opportunity to provide either written or oral comments, 

           19     questions on that proposed plan.  To help assist in that, 

           20     we have a court reporter, who will be taking down all of 

           21     the dialogue and any of the questions that you have 

           22     following the presentation.  

           23               As far as members of the BRAC cleanup team 

           24     represented by the Navy is myself.  Mr. Jim Callian is 

           25     the project manager, who will be doing the presentation

                                                                          3
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            1     tonight.  

            2               We also have our regulatory partner represented 

            3     here by Mr. Ram Peddada with the DTSC; and Patricia 

            4     Hannon with the Regional Water Quality Control Board, 

            5     Santa Ana Region; as well as the Navy's Lead Technical 

            6     Remedial Project Manager, Ms. Content Arnold.  

            7               Hopefully, each of you have had an opportunity, 

            8     and we also have the blank comment forms, if you are 
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            9     interested in submitting a written comment tonight, 

           10     please feel free.  There is a box outside that you can 

           11     insert it in, or if you would like, you could also sit 

           12     with the court reporter, and she will scribe your 

           13     comments or questions for you or you can take the form 

           14     with you, and all that we ask is that you fax it or mail 

           15     it in.  You can also e-mail comments in to the point of 

           16     contact here, who is Mr. Tony Megliola.  

           17               The public comment period for the proposed plan 

           18     is through March 6 of 2009.  We are requesting that all 

           19     comments be submitted and postmarked by March 6 in order 

           20     to be taken into consideration.  

           21               As I mentioned, tonight, we will be running a 

           22     presentation given by Mr. Jim Callian.  That presentation 

           23     will include an overview of the preferred alternatives 

           24     for the six IRP sites under Operable Unit 4B, otherwise 

           25     known as (OU)-4B.  This will include a description of 

                                                                          4

�
            1     each of the sites, the chemicals of concern or 

            2     contaminants, and their cleanup goals.  

            3               There will be a summary of the risk assessment 

            4     process used, as well as a summary of the alternatives 

            5     development and evaluation of cleanup of the groundwater, 

            6     and closing with a summary of the comparative analyses of 

            7     all the alternatives under consideration.  

            8               We do ask that all of your questions be held 

            9     until after the presentation.  Immediately following the 

           10     presentation, if there are any clarifying questions, the 
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           11     team can address those.  Again, otherwise, we will be 

           12     using the court reporter and/or any written comments that 

           13     you would like to submit tonight.  

           14               At this time, Mr. Jim Callian.

           15     

           16        PROPOSED PLAN/DRAFT REMEDIAL ACTION PLAN SUMMARY  

           17          PRESENTED BY:  JAMES CALLIAN, PG, CHG, CEG

           18                    REMEDIAL PROJECT MANAGER

           19          NAVY BRAC PROGRAM MANAGEMENT OFFICE WEST

           20               

           21               MR. CALLIAN:  Thank you, Deb.  Good evening, 

           22     ladies and gentlemen.  My name is Jim Callian.  I am the 

           23     Remedial Project Manager responsible for this project 

           24     under the Navy's BRAC program.  

           25               Tonight, I am presenting a summary of the 

                                                                          5
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            1     Navy's Proposed Plan/Draft Remedial Action Plan for 

            2     groundwater remediation at six Installation Restoration 

            3     Program or IRP sites under Operable Unit 4B.  I would 

            4     like to point out that there are going to be many 

            5     acronyms and abbreviations used here tonight.  You can 

            6     find a listing of your definitions in the last slide of 

            7     this presentation or handout.  

            8               I have been asked to describe the "soup" behind 

            9     my name.  I'm a professional geologist.  I'm also a 

           10     certified hydrogeologist and a California-certified 

           11     engineering geologist.  

           12               We are here tonight to present the Navy's 

           13     preferred alternatives for cleanup of groundwater 
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           14     contaminations at six sites that OU-4B comprises and to 

           15     invite the public to review and comment on these 

           16     alternatives.  

           17               Here is an advanced list of the preferred 

           18     alternatives for the sites that will put them into a 

           19     framework for you and provide an easy, more easily 

           20     understandable framework to put tonight's presentation 

           21     into.  

           22               The preferred alternatives include Alternative 

           23     2, Institutional Controls or ICs for IRP-11, 13W, and 

           24     MMS-04.  These sites are located in the northwestern 

           25     portion of the station.  MMS-04 is right here; IRP-11 is 

                                                                          6

�
            1     right here; and 13W is right here, if I can see it.  

            2     These three sites are known as low-concentration sites.  

            3     I will be providing more information on these sites as 

            4     the presentation progresses.  

            5               The second preferred alternative is Alternative 

            6     4, In Situ Bioremediation or ISB, Monitored Natural 

            7     Attenuation or MNA, and Institutional Controls or ICs for 

            8     IRP-5S(a) and IRP-6, which are located here.  This is 

            9     IRP-6, and this is IRP-5S(a).  

           10               And the third preferred alternative for these 

           11     six sites is Hydraulic Control.  Alternative 6, Hydraulic 

           12     Control, Monitored Natural Attenuation, and Institutional 

           13     Controls for the Mingled Plumes Area, which is this 

           14     pink-colored plume in the middle here.

           15               These three sites, the Mingled Plumes Area, 
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           16     IRP-6, and IRP-5S(a), comprise the moderate concentration 

           17     sites; and I will be giving more information on those as 

           18     the presentation progresses.  

           19               This slide lists the Chemicals of Concern or 

           20     COCs in groundwater at the sites.  They include 

           21     Trichloroethene or TCE and 1,1-DCE or Dichloroethene.  

           22     These COCs are in a class of chemicals known as Volatile 

           23     Organic Compounds or VOCs, which were used primarily as 

           24     industrial solvents for cleaning and degreasing 

           25     activities at the former station.  

                                                                          7

�
            1               Cleanup goals for these COCs are based on 

            2     Maximum Contaminant Levels for drinking water, which are 

            3     5 micrograms per liter for TCE and 6 micrograms per liter 

            4     for 1,1-DCE.

            5               This is the site location map showing the 

            6     relative locations of the six sites under OU-4B.  You can 

            7     find this map on page 2 of your proposed plan.  You can 

            8     see that the six OU-4B sites are scattered throughout the 

            9     station.  They are mostly in the northeastern portion of 

           10     the former station.  The red boundaries are here, and 

           11     they demark the only property of the former station that 

           12     the Navy still retains to facilitate its environmental 

           13     cleanup programs.  

           14               Again, going from south to north, we have 

           15     IRP-6, IRP-5S(a), the Mingled Plumes Area.  I will try 

           16     and go north to south -- south to north:  MMS-04, a 

           17     little dot there; IRP-11, which is over there someplace; 

           18     and 13W.  
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           19               This slide shows the approximate areal extent 

           20     of COCs in groundwater at concentrations exceeding the 

           21     MCLs for these compounds.

           22               These OU-4B sites were investigated under the 

           23     Navy's Installation Restoration Program or IRP, which 

           24     identifies, investigates, and remediates chemical 

           25     releases to soil and groundwater that resulted from past 

                                                                          8
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            1     Navy activities.

            2               The IRP complies with:  The Comprehensive 

            3     Environmental Response, Compensation, and Liability Act 

            4     known as CERCLA; the Resource Conservation and Recovery 

            5     Act known as RCRA; the National Oil and Hazardous 

            6     Substances Pollution Contingency plan known as the NCP; 

            7     and all other federal and state laws that govern 

            8     environmental cleanups.

            9               This slide presents a listing of the major 

           10     previous investigations and reports conducted at these 

           11     OU-4B sites.  You can see that they have been conducted 

           12     from about 1991 through to the present.  

           13               At this time, I would like to encourage you all 

           14     to go to these two locations to review the previous 

           15     investigation reports and to obtain any other additional 

           16     information.  The first one is the Information Repository 

           17     at UCI's Langston Library or the MCAS Tustin 

           18     Administrative Record File, which is located in Building 

           19     307 at the BRAC Office at Former MCAS El Toro.  The 

           20     contact information and the locations are listed on page 
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           21     7 of your proposed plan.  

           22               As I mentioned earlier, these six OU-4B sites 

           23     were grouped into low and moderate concentration sites to 

           24     facilitate the development and evaluation of remedial 

           25     alternatives for groundwater cleanup.  These sites 

                                                                          9
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            1     include IRP-11 for Drum Storage Area No. 1; IRP-13W, Drum 

            2     Storage Area No. 3; and MMS-04, the former auto hobby 

            3     shop.  These low concentration sites have VOCs in 

            4     groundwater at concentrations less than about 20 

            5     micrograms per liter.  

            6               Moderate concentration sites, which I will get 

            7     to here, have VOCs in groundwater at concentrations 

            8     exceeding 20 micrograms per liter and generally range 

            9     from about 23 to 430 micrograms per liter.  

           10               The moderate concentration sites I mentioned 

           11     earlier include IRP-5S(a), Drainage Ditch Area No. 1, 5a 

           12     South; IRP-6, paint locker and drum storage area; and the 

           13     Mingled Plume Area or the MPA, which includes five Areas 

           14     of Concern or AOCs, which I will define later in the 

           15     program.  You can find those definitions also on the last 

           16     page of this presentation in the acronyms and 

           17     abbreviations list.  

           18               Now on to the next several slides, which 

           19     present the site descriptions.  IRP-11, Drum Storage Area 

           20     No. 1, is a former hazardous waste storage area used from 

           21     1975 to 1984 to store up to 400 drums of hydraulic fluid, 

           22     crankcase oils, solvents, and aviation parts.  

           23               TCE was reported in groundwater at 
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           24     concentrations exceeding 5 micrograms per liter, MCL, 

           25     over an approximate area of 50 by 190 feet and at maximum 

                                                                         10

�
            1     concentrations of 15 micrograms per liter in 1996 and 8.5 

            2     micrograms per liter in 2003.

            3               IRP-13W, again, this is the Mingled Plumes area 

            4     right here.  IRP-13W, Drum Storage Area No. 3, consists 

            5     of two former disposal areas where hazardous materials, 

            6     including hydraulic and diesel fluid, leaded gasoline, 

            7     oil, paint strippers, battery acid, and solvents, were 

            8     stored.  

            9               TCE was reported in groundwater at 

           10     concentrations exceeding the MCL over an approximate area 

           11     of 150 by 270 feet and at maximum concentrations of 25 

           12     micrograms per liter in 1996 and 16 micrograms per liter 

           13     in 2003.  You'll notice that the concentrations for these 

           14     two sites and a third low concentration site have 

           15     decreased over time.

           16               MMS-04, the third low concentration site, the 

           17     auto hobby shop, was a concrete underground storage tank 

           18     or UST used for waste-oil that periodically overflowed 

           19     onto unpaved ground during rain events.  

           20               TCE was reported in two grab-groundwater 

           21     samples at one location at concentrations of 18 

           22     micrograms per liter in 1996 and 7.4 micrograms per liter 

           23     in 2003.  The estimated areal extent of TCE in 

           24     groundwater at concentrations exceeding the MCL is 

           25     approximately 12 by 20 feet.  That is this little dot 
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                                                                         11

�
            1     right in here.  

            2               Based on discussions with the regulatory 

            3     agencies, one groundwater monitoring well will be 

            4     installed and sampled for one year.  If TCE does not 

            5     exceed the MCL of 5 micrograms per liter, then the site 

            6     will be recommended for no further action or NFA.

            7               Now on to the moderate concentration sites.  We 

            8     start with IRP-5S(a), Drainage Ditch No. 1, Ditch 5a 

            9     South, which formed part of a culvert system that 

           10     collected water from the northwestern part of the former 

           11     station.  

           12               TCE was reported in groundwater at 

           13     concentrations exceeding 5 micrograms per liter over an 

           14     approximate area of 350 by 850 feet and at a maximum 

           15     concentration of 193 micrograms per liter during the 

           16     period from 1999 to 2000.  Again, 5 South (a) is this 

           17     plume right here.

           18               The second moderate concentration site, IRP-6, 

           19     the paint locker and drum storage area, was used from 

           20     1972 to 1981?  1,1-DCE was reported in groundwater at 

           21     concentrations exceeding 6 micrograms per liter, the MCL, 

           22     over an approximate area of 50 by 160 feet at a maximum 

           23     concentration of 179 micrograms per liter during the 

           24     period from 1999 to 2007.  Again, IRP-6 is this plume 

           25     right down here.  

                                                                         12
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�
            1               The third moderate concentration site, the 

            2     Mingled Plumes Area, consists of five areas of concern:  

            3     Disposal Sanitary Sewer, DSS-01; DSS-02; Miscellaneous 

            4     Disposal Area or MDA-02; MMS-05, which is Miscellaneous 

            5     Major Spill 05, and Storage Temporary Area 67.  

            6               These AOCs were investigated as a single site 

            7     beginning in 2003.  TCE was reported in groundwater 

            8     concentrations exceeding the MCL over an approximate area 

            9     of 340 by 2,130 feet, and at a maximum concentration of 

           10     34 micrograms per liter during the period from 1999 to 

           11     2007.

           12               At this time, I will run through an overview of 

           13     the Human Health Risk Assessment or HHRAs that were 

           14     performed to evaluate potential cancer and non-cancer 

           15     health effects at OU-4B sites; although, I will be 

           16     focusing on the cancer risks in this presentation.  

           17               HHRAs were performed as a part of the RI, the 

           18     OU-4B Technical Memorandum, and the FS.  Risk 

           19     calculations were based on conservative assumptions, 

           20     which means that they tend to overestimate risk, which 

           21     results in cleanup goals that are more protective of 

           22     human health.  

           23               The residential scenario was used as the most 

           24     conservative, as it assumes that shallow contaminated 

           25     groundwater would be used for domestic purposes like 

                                                                         13
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            1     bathing and drinking over a period of 30 years - six 
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            2     years as a child and 24 years as an adult.  

            3               In summary, risk under this scenario exceeded 

            4     U.S. EPA's generally allowable or risk management range 

            5     and was driven by TCE or 1,1-DCE in groundwater at these 

            6     sites.  

            7               This is a figure that presents the U.S. EPA's 

            8     risk ranges I referenced in the previous slide.  As you 

            9     can see, the risk goes up following this arrow on the 

           10     slide.  This is a decreasing risk direction.  

           11               The green allowable area represents a 

           12     statistical probability that less than one additional 

           13     cancer case in a population of one million could result 

           14     from a lifetime of residential exposure at the site.  

           15     This is considered acceptable risk.  

           16               The yellow, this one in the middle, anyway, 

           17     generally allowable area, represents a statistical 

           18     probability of between one additional cancer case in a 

           19     population of one million to one additional cancer case 

           20     in a population of 10,000 that could result from a 

           21     lifetime exposure at the site.  This represents the U.S. 

           22     EPA's risk management range.  

           23               The butterscotch or this upper layer here is 

           24     the unacceptable area.  It represents a statistical 

           25     probability that more than one additional case in a 
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            1     population of 10,000 could result from a lifetime 

            2     exposure at the site.  This is considered unacceptable 

            3     risk.  

            4               For perspective, I would like to add that there 
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            5     is a general 25 percent or greater probability that an 

            6     individual will contract cancer in their lifetime, that 

            7     is 250,000 cases out of a million population, so that 

            8     these U.S. EPA cancer risk ranges indicate a statistical 

            9     probability of one additional case in addition to those 

           10     cases resulting without exposure.  

           11               HHRAs were also conducted assuming 

           12     Institutional Controls or ICs would be in place to 

           13     prevent domestic use of groundwater.  It should be noted 

           14     that it is unlikely that shallow groundwater would be 

           15     extracted and used for domestic use, as water is supplied 

           16     by municipalities and administrative controls are in 

           17     place to prevent extraction.  

           18               There are some of the exposure assumptions 

           19     listed here, but I think the take-home message from this 

           20     slide is that, in general, cancer risks were found to be 

           21     in the allowable range, except that IRP-5S(a), which has 

           22     risks that slightly exceed U.S. EPA's allowable risk 

           23     range.  

           24               I would like to reiterate now that more 

           25     detailed information on risk assessment procedures and 

                                                                         15
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            1     results can be found in the feasibility study and other 

            2     previous investigation reports that can be located in the 

            3     Information Repository at U.C. Irvine and at the 

            4     Administrative Record File at MCAS El Toro.  

            5               Moving on, two Remedial Action Objectives or 

            6     RAOs were developed to focus the FS process for 
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            7     developing and evaluating remedial alternatives for these 

            8     sites with the overall objective of protecting human 

            9     health and the environment.  

           10               These RAOs are:  Protect human health by 

           11     limiting use of shallow groundwater containing COCs at 

           12     concentrations exceeding health-protected limits.  

           13               Number 2:  Reduce concentrations of COCs in 

           14     shallow groundwater at areas of attainment for OU-4B 

           15     sites to health protective levels.  

           16               This slide is a summary of remedial 

           17     alternatives developed in evaluating OU-4B sites.  I will 

           18     provide more details in the following slides.  

           19               The first alternative is no action.  By law, 

           20     this alternative is evaluated to provide a basis from 

           21     which to develop and evaluate other remedial 

           22     alternatives.  Under no action, cleanup actions would not 

           23     be implemented, and there would be no change in site 

           24     conditions.  

           25               Alternative 2, ICs or Institutional Controls 
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            1     would prevent domestic use of groundwater at OU-4B sites 

            2     by prohibiting installation of groundwater supply wells; 

            3     and two, by maintaining the integrity of the remedial 

            4     action until the cleanup goals are achieved.  Alternative 

            5     2 assumes natural physical, biological, and chemical 

            6     processes would continue to lower COC concentrations in 

            7     groundwater over time.  It would provide for long-term 

            8     groundwater monitoring to track COC concentrations and 

            9     would also include five-year reviews to track continued 
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           10     protectiveness of the remedy.  

           11               It should be noted that, based on groundwater 

           12     modeling, all plumes at low-concentration sites IRP-11, 

           13     IRP-13W, and MMS-04, these guys in here, IRP-11, MMS-04, 

           14     and 13W, would be captured by hydraulic containment 

           15     systems that are currently in place and operating at 

           16     OU-1A and OU-1B.  

           17               Alternative 3, Monitored Natural Attenuation 

           18     and Institutional Controls, is similar to Alternative 2, 

           19     but it would include an expanded monitoring program for 

           20     COCs and natural attenuation parameters.  It also 

           21     includes ICs, and five-year reviews would be the same as 

           22     those for Alternative 2.

           23               Alternative 4, under Alternative 4, which is In 

           24     Situ Bioremediation, Monitored Natural Attenuation, and 

           25     Institutional Controls:  A biostimulation compound such 

                                                                         17
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            1     as an emulsified vegetable oil would be used or injected 

            2     to accelerate the biodegradation of the COCs in 

            3     groundwater.  

            4               Alternative 4 would include groundwater 

            5     monitoring for COCs and natural attenuation parameters to 

            6     evaluate ISB or In Situ Bioremediation after the 

            7     treatment and would also include ICs and five-year 

            8     reviews similar to those in Alternative 2.  

            9               Alternative 5, In Situ Chemical Oxidation or 

           10     ISCO; In Situ Bioremediation, ISB; and Monitored Natural 

           11     Attenuation; and ICs, is similar to Alternative 4, except 
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           12     that ISCO, In Situ Chemical Oxidation, would be applied 

           13     prior to ISB in areas with higher VOC concentrations to 

           14     reduce the mass of VOCs in these areas.  

           15               Alternative 5 would also include groundwater 

           16     monitoring for COCs and other attenuation parameters used 

           17     to evaluate ISCO and ISB after treatment.  It would also 

           18     include the Institutional Controls and five-year reviews 

           19     that were described for Alternative 2.  

           20               The sixth remedial alternative, Hydraulic 

           21     Control, Monitored Natural Attenuation, and Institutional 

           22     Controls, under this alternative, hydraulic control wells 

           23     would be placed along the leading edges of the current 

           24     plumes.  

           25               Groundwater would be extracted to prevent 

                                                                         18
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            1     migration beyond current plume boundaries.  Extracted 

            2     groundwater would be treated using granular-activated 

            3     carbon or GAC at existing treatment facilities for OU-1A 

            4     and OU-1B; and no additional treatment system 

            5     modifications would be necessary.  

            6               Alternative 6 would also include groundwater 

            7     and treatment system performance monitoring, ICs, and 

            8     five-year reviews.

            9               Well, each alternative underwent a 

           10     detailed evaluation and analysis in the FS using nine 

           11     criteria developed by the U.S. EPA and divided it into 

           12     three groups.  

           13               The first group is Threshold Criteria that by 

           14     law must be satisfied.  They include:  Overall protection 
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           15     of human health and the environment and compliance with 

           16     ARARS; those are Applicable or Relevant and Appropriate 

           17     Requirements.  

           18               The second group is five Primary Balancing 

           19     Criteria.  They include long-term effectiveness and 

           20     permanence; reduction of toxicity, mobility, or volume 

           21     through treatment; short-term effectiveness; and 

           22     implementabillity; and cost.  

           23               The third group is Modifying Criteria.  They 

           24     include state acceptance, which is evaluated throughout 

           25     the proposed plan process, and is documented in the 

                                                                         19
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            1     responsiveness summary section of the record of decision.  

            2               Community acceptance, the second Modifying 

            3     Criteria, is:  This proposed plan is the Navy's 

            4     invitation to the community to comment upon the proposed 

            5     alternatives for OU-4B sites.  Community acceptance will 

            6     be determined after the conclusion of the public comment 

            7     period and will also be documented in the responsiveness 

            8     summary section of the record of decision.  These nine 

            9     EPA criteria are discussed on pages 7 through 9 of your 

           10     proposed plan.  

           11               Okay.  The next three slides we lovingly refer 

           12     to as "Meatball Charts" present summaries of the 

           13     comparative analyses performed for the remedial 

           14     alternatives with respect to the nine U.S. EPA criteria I 

           15     mentioned earlier.  This evaluation is presented on Page 

           16     9 of your proposed plan.  
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           17               This slide presents qualitative evaluation 

           18     performed for the three low concentration sites:  IRP-11, 

           19     IRP-13W, and MMS-04.  

           20               According to this evaluation, Alternative 2, we 

           21     can see it here, Institutional Controls, it is protective 

           22     of human health and the environment.  It complies with 

           23     ARARS; but it ranks moderate with respect to long-term 

           24     effectiveness and permanence.  That's half a meatball.  

           25               It ranks low with respect to reduction of 

                                                                         20
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            1     toxicity, mobility, or volume through treatment.  That is 

            2     the empty circle.  And it ranks high with respect to 

            3     short-term effectiveness and implementability, and ranks 

            4     moderate with respect to cost.  That was used as an 

            5     example.  

            6               This is an illustration of a comparative 

            7     analysis we did for IRP-6 and IRP-5S(a), both moderate 

            8     concentration sites; where, for example, Alternative 4, 

            9     ISB, In Situ Bioremediation; MNA; and ICs is shown to be 

           10     protective of human health and the environment, and 

           11     complies with ARARS.  And it ranks high with respect to 

           12     long-term effectiveness and permanence; high with respect 

           13     to reduction of toxicity, mobility, or volume through 

           14     treatment; high with respect to short-term effectiveness; 

           15     and ranks moderate with respect to implementability and 

           16     cost.  

           17               This is a summary of the comparative analysis 

           18     performed for the Mingled Plumes Area.  This evaluation 

           19     is presented on Page 10 of your proposed plan.  You can 
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           20     see that Alternative 6, Hydraulic Control with 

           21     Institutional Controls is the preferred remedy.  It is 

           22     protective of human health and the environment.  It would 

           23     comply with ARARs.  It ranks moderate with respect to 

           24     long-term effectiveness and permanence; reduction of 

           25     toxicity, mobility, or volume through treatment; 
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            1     short-term effectiveness; implementability; and cost.  

            2               In review, the Navy's preferred alternatives 

            3     for Low Concentration Sites IRP-11, IRP-13W, MMS-04 is 

            4     Alternative 2, Institutional Controls.  I have to caveat 

            5     that, that the preferred remedy for Alternative 2, as you 

            6     might remember I discussed earlier, we intend to install 

            7     one well and monitor it for a period of one year.  If the 

            8     VOCs do not exceed 5 micrograms per liter, then we'll 

            9     recommend no further action for this site.  

           10               The preferred alternative for Moderate 

           11     Concentration Sites 5S(a) and IRP-6 is Alternative 4:  In 

           12     Situ Bioremediation, Monitored Natural Attenuation, and 

           13     Institutional Controls.  

           14               And for the Mingled Plumes Area, Alternative 6 

           15     is the preferred remedial alternative, including 

           16     Hydraulic Control, Monitored Natural Attenuation, and 

           17     ICs.

           18               Now, for the regulatory agency input.  The BRAC 

           19     Cleanup Team or BCT composed of representatives of the 

           20     U.S. Navy; U.S. Environmental Protection Agency; the 

           21     California Department of Toxic Substances Control or the 
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           22     DTSC; and the California Regional Water Quality Control 

           23     Board, Santa Ana Region, or RWQCB, have evaluated 

           24     environmental data, technical information, and remedial 

           25     alternatives developed and evaluated for OU-4B and concur 
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            1     with the Navy's recommendations for the preferred 

            2     alternatives.  

            3               Based on results from investigations and risk 

            4     assessments conducted to date, the Navy and its 

            5     regulatory agency partners concluded that soil at these 

            6     six OU-4B sites requires no further action, and 

            7     groundwater requires further action.

            8               Well, before we open for formal comments, are 

            9     there any clarifying questions on the proposed plan 

           10     summary that was presented; for example, with any of the 

           11     terms presented?  Please hold other questions or comments 

           12     for the formal comment portion of this meeting.  The Navy 

           13     will not address your comments or questions now, except 

           14     for the clarifying ones; but they will be addressed in 

           15     the responsiveness summary and documented in the Record 

           16     of Decision.  

           17               You may make your comments by submitting them 

           18     orally tonight during the public comment portion of the 

           19     meeting.  You may make individual oral comments to the 

           20     court reporter or you may submit comments tonight in 

           21     writing using the comment form provided.  

           22               If there are no clarifying questions -- let me 

           23     break here.  Are there clarify questions?  

           24               MR. ZWEIFEL:  Yes, there certainly is.  Deb 
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           25     just pointed out something on Page 11.  There is a 
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�
            1     misspelled word that is rather confusing.  You read it 

            2     as -- it was the third paragraph, the estimated area 

            3     extent, I believe it is.  You read it as the estimated 

            4     areal extent.  

            5               I was thinking, would that be misspelled?  

            6     Maybe that was something taken or having to do with an 

            7     airborne assessment.

            8               MR. CALLIAN:  Areal, a-r-e-a-l, it covers an 

            9     areal extent.  

           10               MR. ZWEIFEL:  I have never heard of that.  I 

           11     thought my vocabulary was very fairly extensive.  There 

           12     is a real arcane term or word.

           13               MR. CALLIAN:  Thank you for your comment.

           14               MR. SUAREZ:  This Hydraulic Control where you 

           15     put the extraction wells at the leading edge, doesn't 

           16     that draw that way?  I always thought the extraction 

           17     wells were supposed to go further in so that everything 

           18     moves towards the wells rather than at the edge.

           19               MR. CALLIAN:  Unfortunately, I think that 

           20     exceeds a clarifying question.

           21               MR. SUAREZ:  Sorry.  

           22               MR. CALLIAN:  I will be happy to answer your 

           23     question at the poster board as soon as this portion of 

           24     the meeting is completed.  

           25               MS. THEROUX:  If you would like to submit that 
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                                                                         24

�
            1     as part of the formal question, that is certainly what we 

            2     are looking for.  

            3               MR. SUAREZ:  That was just a terminology 

            4     question.  That's fine.

            5               MR. CALLIAN:  Again, I will be happy to answer.  

            6               MS. THEROUX:  I think, Jim, before you close, 

            7     also, we would like to take this opportunity to ask if 

            8     our regulatory partners would like to add anything to the 

            9     presentation.  Patricia or Ram?

           10               MR. PEDDADA:  My name is a Ram Peddada; I'm 

           11     from DTSC.  DTSC, to take any discovery action, if we 

           12     approve that action, we have to evaluate the 

           13     environmental significance of that action.  

           14               So, in this case, we evaluated the remedial 

           15     action reported on this, on the Plume and IRP sites will 

           16     have any effect on the environment.  Environmental means:  

           17     Air quality, Cultural resources, the population growth, 

           18     any of those things of the environment.  Depending upon 

           19     the size of the projects, some may have on the area no 

           20     significant impact.  Some will mitigate the negative 

           21     impact.  There are sometimes, if a huge project, we have 

           22     to go and write it, an EIR, an Environmental Impact 

           23     Report.  That's the highest level of control, 

           24     environmental condition.  

           25               In this case, we are asking the environmental 

                                                                         25
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            1     analysis people the exemption, Notice of Exemption from 

            2     this action.  Because we are asking for Notice of 

            3     Exemption because, with certainty, no possible 

            4     significant effect on the environment from this action.  

            5               So this is called General Rule CCR Section 

            6     15061(b)(3).  I actually prepared a Notice of Exemption, 

            7     which was a copy outside, available outside.  So there 

            8     are no comments necessary for this.  Once the reported 

            9     plan is approved, whatever action the Navy will go 

           10     through, so we'll just adapt; we will finalize this 

           11     report.  And then we will file with the state clearing 

           12     house, and then it will be put in the notice for 30 days.  

           13               If there is anybody that has objected at that 

           14     time, we will answer those questions at that time.  So 

           15     people have to review the published state clearing house.  

           16               MR. CALLIAN:  Are there any more clarifying 

           17     questions?  

           18               MR. ZWEIFEL:  I have one, yes.  On page 15, 

           19     paragraph 4, I think probably you should add the words 

           20     dirt-eating kid for this.  I'm talking about Human Health 

           21     Risks Assessments, HHRAs.  And, of course, I always loved 

           22     that term.  I think it is appropriate.  What do you 

           23     think, Jim?

           24               MR. CALLIAN:  I can say that the pica child, 

           25     that part of the scenario, was included in the Health 
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            1     Risk Assessments.  

            2               MR. ZWEIFEL:  Great.  
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            3               MR. CALLIAN:  Are there any more clarifying 

            4     questions?  Okay.  I would like to open the meeting up 

            5     now for public comments.  And if you have any comments, 

            6     please state your name, your affiliation, and provide 

            7     your comment.  

            8               MR. ZWEIFEL:  Is there anybody?  I have a 

            9     question, if no one else wants to ask any questions.  

           10               MS. THEROUX:  Just to clarify, even if you are 

           11     not comfortable asking your question in front of the 

           12     group at this time, we would certainly close the floor to 

           13     that, and the court reporter will still remain here and 

           14     is available if you would like to submit one orally.  

           15               If you have a question or comment you would 

           16     like to submit in front of the group right now, Don, feel 

           17     free.

           18               MR. CALLIAN:  Before you start, we will accept 

           19     your questions, but we are not going to answer them in 

           20     this forum tonight.  It will be included in the 

           21     responsive summary that is documented in the Record of 

           22     Decision.  

           23               MR. ZWEIFEL:  You are going to send us a ROD?  

           24               MR. CALLIAN:  We will be preparing a ROD, yes.

           25               MR. ZWEIFEL:  I have to.  The nine criteria, I 
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            1     need to review these real quickly, because this is the 

            2     first time I have seen them, I'm just sorry to say.  So I 

            3     think, in the meantime, if somebody else could ask a 

            4     question, and I will quickly review this and see if I 

            5     think that DON's recommendation regarding Alternative 4, 
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            6     in regards to IRP-5S(a), IRP-6 would be what I would 

            7     think would be appropriate and, of course, having to do 

            8     with your recommendation, DON's recommendation in regards 

            9     to Alternative 2 for IRP-13W and Mingled Plume Site 4.  

           10     And, of course, so let's see.  

           11               Maybe the idea is, and I mention this:  The 

           12     idea is to find out, I would like to know the Navy's 

           13     reasoning behind why Alternative 6 was -- I think that's 

           14     one thing I want to know, why Alternative 6 was chosen, 

           15     why you chose the Alternative 6 for MNA and In Situ 

           16     controls for Mingled Plumes Area, MPA.  

           17               Why did you?  I guess I can ask:  Well, why did 

           18     you think that Alternative 6 was the most feasible, or I 

           19     mean, did you -- we have gone through this.  I have been 

           20     doing this since '94.  And I think, if I'm not mistaken, 

           21     some of us here have also.  

           22               And so I think that's what we need to do, is we 

           23     need to find out why you chose Alternative 6, why you 

           24     chose Alternative 4 over the others.  And, Jim, I know 

           25     you can answer this when you have an opportunity to.  

                                                                         28

�
            1               In the meantime, I'm going to review these real 

            2     quick and see what I can come up with.

            3               MR. CALLIAN:  Thank you.  Might I remind you, 

            4     please state your name, your affiliation, and provide 

            5     your comments.  

            6               MR. SUAREZ:  I'm Matt Suarez.  I'm here for 

            7     South Orange County Community College District.  I'm a 
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            8     RAB member.  On the various areas of examination you have 

            9     given to the surface area, 12 by 20 feet and so forth, 

           10     where do we look to find out the depth and which water 

           11     zones are affected, and is it all the way down or is it 

           12     in a certain layer, so we have some sense of the volume 

           13     that is contaminated?  

           14               MR. CALLIAN:  Before I answer that, you might 

           15     look.  That was information I presented in the 

           16     feasibility study.  

           17               MR. SUAREZ:  Where?  

           18               MR. CALLIAN:  In the feasibility study.  

           19               MR. SUAREZ:  We will look at those and we'll 

           20     find it.

           21               MR. CALLIAN:  Absolutely.  I will be happy to 

           22     review that data with you in the lobby.

           23               Are there any more clarifying questions?  

           24     Excuse me.  We are past the clarify questions.  Are there 

           25     any more comments or questions for the court reporter?  

                                                                         29
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            1               MR. ZWEIFEL:  I have one, if you don't mind.

            2               MR. CALLIAN:  Can I ask you again to please 

            3     state your name and affiliation.  

            4               MR. ZWEIFEL:  Co-chairman, Don Zweifel, 

            5     Z-w-e-i-f-e-l.  Let's look at page 28.  Let's try to 

            6     determine why the Navy chose Alternative 4 for IRP-5S(a).  

            7     So we come up with, my gosh, it looks like Alternative 5 

            8     looks rather -- may I tell you that Alternative 5, the 

            9     reason why I liked it is because the cost is low.  The 

           10     relative cost is low here.  At least now -- wait a 
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           11     minute.  Let's look at this.  Now, it says 2.3 million 

           12     for Alternative 5, for IRP-5S(a).  

           13               But then, again, if we look at that, well, wait 

           14     a minute, 2.3 million, well, let's look at 4 here, and 

           15     that's less than Alternative 5.  Alternative 4 is listed 

           16     as 1.7 million; and yet, Alternative 5 is listed 2.3 

           17     million.  So therefore, you would think that Alternative 

           18     5 would be, would be -- because what attracted it to me 

           19     was the fact that it has a circle with nothing in it, 

           20     which means it has a low cost.  On the other hand, that 

           21     is not the case.

           22               MR. CALLIAN:  If I might interrupt here, you 

           23     indicated that these are the Navy-selected alternatives.  

           24     These are actually preferred alternatives.  Nothing has 

           25     been selected yet.  That chart represents a comparative 
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�
            1     or qualitative evaluation of the remedies, one compared 

            2     to another.

            3               MR. ZWEIFEL:  This must be a mistake here.  

            4               MR. OGDON:  Don, the open circle means that it 

            5     is not a good thing.

            6               MR. ZWEIFEL:  When I see low, oh, I see.  What 

            7     I see, sir, I associate low with low cost; and I guess 

            8     I'm mistaken.  

            9               MS. REYNOLDS:  Low performance.

           10               MR. ZWEIFEL:  Oh, low performance.  Okay.  

           11     Thank you.

           12               MR. CALLIAN:  Are there any other questions for 
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           13     the court reporter or to be posed in this forum?  

           14               MS. REYNOLDS:  Susan Reynolds from the Tustin 

           15     RAB.  Jim, I'm wondering, in the low concentration sites 

           16     since from '96 testing to 2003 testing in all three 

           17     sites, it was, the levels were reduced significantly.  

           18     Why wouldn't you retest now and perhaps be able to be 

           19     done with one or all three of these?  

           20               MR. CALLIAN:  Thank you for your question.  Are 

           21     there any other questions or comments?  

           22               MR. ZWEIFEL:  Let's again look at page 28.  Don 

           23     Zweifel, Co-chair RAB.  Page 28, Alternative 2, okay, 

           24     well, now that I have been corrected on this, then let's 

           25     look at Alternative 2, IRP-5S(a), and we find out that 
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            1     the cost, what is the cost benefit.  You know what you 

            2     should do maybe here is state it is not cost.  It is the 

            3     cost-to-benefit ratio.  That would make a lot more sense, 

            4     because it looks like the Alternative 2 has a high 

            5     cost-to-benefit ratio.  By that I mean, maybe I should 

            6     say, no, no, I'm sorry, a low cost-to-benefit ratio.  I 

            7     beg your pardon.  And so that would be, and so then why 

            8     is it?  That's what, see, we need.  

            9               I remember, over at El Toro years ago, if I'm 

           10     not mistaken, we used to say cost-to-benefit ratio, not 

           11     cost, because it's a little bit -- you know, I think 

           12     that's what we're talking about here, is the cost-to- 

           13     benefit ratio, isn't it?  If it is, that needs to be 

           14     added to this.

           15               MR. CALLIAN:  These are the nine NCP criteria 
Page 29



MCAS Pubic Meeting Transcript 

           16     established by U.S. EPA to evaluate the alternatives to 

           17     conduct the comparative analysis.

           18               MR. ZWEIFEL:  We are talking about cost-to- 

           19     benefit ratios here.  And that is important, right, Jim?  

           20     We want to find out what has the lowest cost-to-benefit 

           21     ratio, would you think, or isn't that what we are looking 

           22     for or am I mistaken?  Isn't that what you want?  

           23               MR. CALLIAN:  The purpose of this meeting or 

           24     this portion of the presentation is for the public to 

           25     present their comments.  
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            1               MR. ZWEIFEL:  The court reporter can take my 

            2     note of that question.

            3               MR. CALLIAN:  This is the responsiveness 

            4     summary portion, and it will be documented overall.

            5               I don't see any other questions or comments 

            6     from the public.  So next, please.

            7               We are done with the public comments.

            8                    CLOSING REMARKS BY JIM CALLIAN     

            9               MR. CALLIAN:  Although this slide indicates 

           10     March 5th is the end of public comment period, I would 

           11     like to assure you that it is March 7th of this year.  

           12               MS. THEROUX:  6th.

           13               MR. CALLIAN:  Oh, gosh.  March 6th.  I 

           14     apologize.  And you may send your written comments via 

           15     mail postmarked no later than March 6th, 2009 to Mr. Tony 

           16     Megliola, BRAC Closure Manager, MCAS Tustin; 7040 Trabuco 

           17     Canyon Road; Irvine, California 92618.  You may fax your 
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           18     comments to Mr. Megliola at Area Code (949) 762-6586.  

           19     You can e-mail your comments to Mr. Megliola at:  

           20     anthony.megliola@navy.mil.  

           21               All written comments must be sent no later than 

           22     March 6th, 2009.

           23               MR. ZWEIFEL:  May I mention this?  

           24               MR. CALLIAN:  This concludes.  

           25               MR. ZWEIFEL:  I need to add a question here, if 
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            1     I may.

            2               MR. CALLIAN:  Would you state your name.

            3               MR. ZWEIFEL:  Don Zweifel, co-chair.  All 

            4     right.  You know, again, I don't like the way -- I'm 

            5     sorry.  I have to go on record.  Once in awhile, I have a 

            6     disagreement.  My disagreement with this, it is just that 

            7     the only thing I ask you guys to do is, when you 

            8     choose -- over the years, we have been doing this, for 

            9     many years, since '94, as you know.  

           10               And what we always like to do is try to find 

           11     out precisely why the Navy has chosen an alternative or 

           12     tentatively chosen an alternative for let's say in the 

           13     case of IRP-5S(a).  And in regards to Alternative 2 and 

           14     in regards to Alternative 6, I think we need more of an 

           15     explanatory element here.  That's all I'm asking.  It is 

           16     vital.  We have got to have that.  

           17               MR. CALLIAN:  This selection process does 

           18     include community acceptance, community input, and 

           19     regulatory acceptance, which are the last two criteria.  

           20     Community acceptance and regulatory acceptance, those 
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           21     will be documented also.  They form a part of this 

           22     selection process, which is included in the Record of 

           23     Decision.  So all comments will be taken in and evaluated 

           24     and used to select the remedy.  

           25               Okay.  This concludes the public meeting 
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            1     portion for the OU-4B proposed plan for former MCAS 

            2     Tustin.  We are off the record.  

            3               MS. THEROUX:  I just want to again clarify for 

            4     those of you that do have your copy of the proposed plan, 

            5     the accurate comment period and contact information is 

            6     listed there in a number of places.  So you have that.  

            7               We will continue to have the court reporter 

            8     available for those of you that would like to provide a 

            9     comment or question, if you would so like, for probably 

           10     the next eight minutes.  At 7:30, we will start the board 

           11     meeting.  In the meantime, the Navy and the BCT members 

           12     will also be available to continue to address any 

           13     questions that you have regarding the poster boards.  

           14               Thank you so much for coming tonight.  I hope 

           15     if you have got any questions, you can certainly add more 

           16     up until March 6.  Thank you. 

           17               (Conclusion of Public Hearing at 7:30 p.m.)

           18               

           19               

           20               

           21               

           22               
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SENSITIVE

OU 1B
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

REVIEW AND COMMENT ON THE DRAFT 
AMENDED SITE MANAGEMENT PLAN (SMP) 
FISCAL YEAR 2006 UPDATENONE

07-20-2005
07-11-2005

CITY OF TUSTIN
D. OGDON
NAVFAC - 
SOUTHWEST 
DIVISION
D. NEWTON

CORRESPONDENC
E
NONE
2

M62535 /  002437
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

006
OU 4A
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

DRAFT FEASIBILITY STUDY REPORT FOR 
OPERABLE UNIT (CD COPY OF 
APPENDICES A THROUGH D ENCLOSED, 
PORTION OF MAILING LIST IS 
CONFIDENTIAL) [SEE AR # 2747 - REVISED 
DRAFT FS]

00062

08-30-2005
08-22-2005

BECHTEL 
ENVIRONMENTAL, 
INC.
J. CALLIAN
NAVFAC - 
SOUTHWEST 
DIVISION
 

REPORT
N68711-95-D-7526
700

M62535 /  002447
0062/0081 & SWDIV 
SER 
BPMOW.LO/1143

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 4B NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

FINAL 2004 ANNUAL GROUNDWATER 
MONITORING REPORT (REPLACEMENT 
PAGES INCLUDE TITLE PAGE/SIGNATURE 
PAGE, TABLE OF CONTENTS PAGES I - VI) 
[INCLUDES ANALYTICAL DATA - APPENDIX 
C] {INCLUDES ANALYTICAL DATA}

DO 0006

10-12-2005
09-01-2005

BROWN AND 
CALDWELL
D. VAN WINKLE
NAVFAC - 
SOUTHWEST 
DIVISION
 

REPORT
N68711-11-00-D-
0004
200

M62535 /  002468
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 1B
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
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DRAFT ADDENDUM TO WORK PLAN (WP), 
SITE VERIFICATION ACTIVITIES AQUIFER 
CHARACTERIZATION AND TESTING, 
DRAINAGE AREA NO. 1 - DITCH 5(A) SOUTH, 
REVISION 0 (SEE COMMENTS)

NONE

05-18-2006
09-01-2005

ENVIRO 
COMPLIANCE 
SOLUTIONS
 
NAVFAC - 
SOUTHWEST 
DIVISION
 

REPORT
N68711-05-C-6004
50

M62535 /  002519
1004-004

ADMIN RECORD
BASE
INFO REPOSITORY

5S(A)
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

TRANSMITTAL OF DRAFT ADDENDUM TO 
WORK PLAN (WP), SITE VERIFICATION 
ACTIVITES AQUIFER CHARACTERIZATION 
AND TESTING, DRAINAGE AREA NO. 1 - 
DITCH 5(A) SOUTH, REVISION 0 (W/OUT 
ENCLOSURE) [SEE AR# 2519 - DRAFT 
ADDENDUM TO WP, SITE VERIFICATION 
ACTIVITIES]

NONE

05-18-2006
09-30-2005

BRAC PMO WEST
D. NEWTON
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
3

M62535 /  002518
BRAC SER 
BPMOW.KO/1240

ADMIN RECORD
BASE
INFO REPOSITORY

5S(A)
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

COMMENTS ON DRAFT FEASIBILITY STUDY 
REPORT (PORTION OF THE MAILING LIST IS 
CONFIDENTIAL)NONE

11-17-2005
10-28-2005

DTSC - CYPRESS
A. PEDDADA
BRAC
D. NEWTON

CORRESPONDENC
E
NONE
8

M62535 /  002480
NONE

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 4B NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

COMMENTS ON DRAFT FEASIBILITY STUDY 
REPORT

NONE

02-15-2006
11-16-2005

CRWQCB - 
RIVERSIDE
P. HANNON
BRAC
D. NEWTON

CORRESPONDENC
E
NONE
1

M62535 /  002495
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 4B NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

FINAL AMENDED SITE MANAGEMENT PLAN 
FISCAL YEAR 2006 UPDATE

NONE

04-05-2006
01-01-2006

BRAC PMOW 
WEST
 
NAVFAC - 
SOUTHWEST 
DIVISION
 

REPORT
NONE
15

M62535 /  002507
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 1A
OU 1B
OU 3
OU 4A
OU 4B
UST 222

NAVFAC 
SOUTHWEST - BLDG. 
1
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FINAL ADDENDUM TO WORK PLAN (WP), 
SITE VERIFICATION ACTIVITIES, AQUIFER 
CHARACTERIZATION AND TESTING AT 
DRAINAGE AREA NO. 1 - DITCH 5(A) SOUTH, 
REVISION 1 (SEE COMMENTS)

NONE

05-18-2006
04-01-2006

ENVIRO 
COMPLIANCE 
SOLUTIONS
 
BRAC PMO WEST
 

REPORT
N68711-05-C-6004
25

M62535 /  002526
1004-004

ADMIN RECORD
BASE
INFO REPOSITORY

5S(A)
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

TRANSMITTAL OF FINAL ADDENDUM TO 
WORK PLAN (WP) FOR SITE VERIFICATION 
ACTIVITIES, AQUIFER CHARACTERIZATION 
AND TESTING, REVISION 1 (W/OUT 
ENCLOSURE) [SEE AR# 2526 - FINAL 
ADDENDUM TO WORK PLAN] {PORTION OF 
MAILING LIST IS CONFIDENTIAL}

NONE

05-18-2006
05-01-2006

BRAC PMO WEST
D. NEWTON
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
2

M62535 /  002525
BRAC SER 
BPMOW.JC/0398

ADMIN RECORD
BASE
INFO REPOSITORY

5S(A)
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

TRANSMITTAL OF DRAFT 2005 ANNUAL 
GROUNDWATER MONITORING REPORT 
(W/OUT ENCLOSURE) [SEE AR# 2531 - 
DRAFT 2005 ANNUAL REPORT] {PORTION 
OF MAILING LIST IS CONFIDENTIAL}

NONE

05-31-2006
05-25-2006

BRAC PMO WEST
D. NEWTON
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
2

M62535 /  002513
BRAC SER 
BPMOW.JTC/0464

ADMIN RECORD
BASE
INFO REPOSITORY

005
006
012
OU 1A
OU 4B
SITE 00003

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

DRAFT AMENDED SITE MANAGEMENT 
PLAN (SMP) FISCAL YEAR 2007 UPDATE 
[SEE AR# 2533 - BRAC TRANSMITTAL 
LETTER BY D. NEWTON]

NONE

06-29-2006
06-01-2006

BRAC PMO WEST
 
NAVFAC - 
SOUTHWEST 
DIVISION
 

REPORT
NONE
11

M62535 /  002534
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 1A
OU 1B
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

TRANSMITTAL OF DRAFT AMENDED SITE 
MANAGEMENT PLAN (SMP) FISCAL YEAR 
2007 UPDATE (W/OUT ENCLOSURE) [SEE 
AR# 2534 - DRAFT AMENDED SITE 
MANAGEMENT PLAN]

NONE

06-29-2006
06-13-2006

BRAC PMO WEST
D. NEWTON
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
3

M62535 /  002533
BRAC SER 
BPMOW.CPA/0526

ADMIN RECORD
BASE
INFO REPOSITORY

OU 1A
OU 1B
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
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COMMENTS ON DRAFT AMENDED SITE 
MANAGEMENT PLAN (SMP) FISCAL YEAR 
2007 UPDATENONE

08-03-2006
07-12-2006

COMMUNITY 
DEVELOPMENT 
DPMT.
D. OGDON
BRAC PMO WEST
D. NEWTON

CORRESPONDENC
E
NONE
2

M62535 /  002544
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 4B
UST 222

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

FINAL 2005 ANNUAL GROUNDWATER 
MONITORING REPORT {CD COPIES 
ENCLOSED} (INCLUDES REPLACEMENT 
PAGES CONVERTING THE DRAFT DATED 
05/01/06 TO FINAL) [SEE AR# 2513 AND AR# 
2561 - BRAC TRANSMITTAL LETTER BY D. 
NEWTON] {SEE COMMENTS}

DO 0084

05-31-2006
08-01-2006

BROWN AND 
CALDWELL
D. VAN WINKLE
BRAC PMO WEST
 

REPORT
N68711-00-D-0004
1500

M62535 /  002531
44/28005/03-3

ADMIN RECORD
BASE
INFO REPOSITORY

005
006
012
OU 1B
OU 4B
SITE 00003

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

16 AUGUST 2006 74TH RESTORATION 
ADVISORY BOARD (RAB) MEETING 
MATERIALS - INCLUDES AGENDA, PUBLIC 
NOTICE, AND 05/17/06 MEETING MINUTES

DO 0069

08-15-2006
08-16-2006

BROWN AND 
CALDWELL
B. COLEMAN
RAB MEMBERS
 

MM
N68711-00-D-0004
12

M62535 /  002553
126463/003/5.7

ADMIN RECORD
BASE
INFO REPOSITORY

005S
006
011
013W
OU 1A
OU 1B
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

PUBLIC INFORMATION MATERIALS 
PACKAGE FOR 16 AUGUST 2006 PUBLIC 
MEETING/RESTORATION ADVISORY BOARD 
(RAB) MEETING - INCLUDES AGENDA, 
PUBLIC NOTICE, 05/17/06 MEETING 
MINUTES, AND VARIOUS HANDOUTS

DO 0069

08-28-2006
08-16-2006

BROWN AND 
CALDWELL
B. COLEMAN
RAB MEMBERS
 

MM
N68711-00-D-0004
90

M62535 /  002559
126463/003/6.8

ADMIN RECORD
BASE
INFO REPOSITORY

013S
013W
OU 1B
OU 4B
UST 222

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

ELECTRONIC MAIL REVIEW AND NO 
COMMENTS ON THE DRAFT 2005 ANNUAL 
GROUNDWATER MONITORING REPORTNONE

09-20-2006
08-17-2006

DTSC - CYPRESS
A. PEDDADA
BRAC PMO WEST
D. NEWTON

CORRESPONDENC
E
NONE
1

M62535 /  002563
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 1B
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
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TRANSMITTAL OF REPLACEMENT PAGES 
CONVERTING DRAFT DATED MAY 2006 TO 
FINAL 2005 ANNUAL GROUNDWATER 
MONITORING REPORT (W/OUT 
ENCLOSURES) {REPLACEMENT PAGES 
WERE INSERTED IN THE DOCUMENT} [SEE 
AR# 2531 - FINAL 2005 ANNUAL 
GROUNDWATER MONITORING REPORT]

NONE

09-06-2006
08-25-2006

BRAC PMO WEST
D. NEWTON
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
3

M62535 /  002561
BRAC SER 
BPMOW.GWC/0735

ADMIN RECORD
BASE
INFO REPOSITORY

OU 1B
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

FINAL WORK PLAN FOR THE 
SUPPLEMENTAL INVESTIGATION AT SITE 6 
AND THE MINGLED PLUMES AREA (MPA) 
[SEE AR# 2565 - BRAC TRANSMITTAL 
LETTER BY D. NEWTON]

00062

10-11-2006
10-01-2006

BECHTEL 
ENVIRONMENTAL, 
INC.
T. HEIRONIMUS
BRAC PMO WEST
 

REPORT
N68711-95-D-7526
100

M62535 /  002566
CTO-062/0154

ADMIN RECORD
BASE
INFO REPOSITORY

006
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

TRANSMITTAL OF FINAL WORK PLAN FOR 
THE SUPPLEMENTAL INVESTIGATION AT 
SITE 6 AND THE MINGLED PLUME AREA 
(W/OUT ENCLOSURE) [SEE AR# 2566 - 
FINAL WORK PLAN]

NONE

10-11-2006
10-04-2006

BRAC PMO WEST
D. NEWTON
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
2

M62535 /  002565
BRAC SER 
BPMOW.JC/0011

ADMIN RECORD
BASE
INFO REPOSITORY

006
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

FINAL AMENDED SITE MANAGEMENT PLAN 
(SMP) FISCAL YEAR 2007 UPDATE (SEE AR 
#2596 - BRAC PMO WEST TRANSMITTAL 
LETTER BY D. NEWTON)

NONE

01-19-2007
01-01-2007

BRAC PMO WEST
 
BRAC PMO WEST
 

REPORT
NONE
12

M62535 /  002597
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 1A
OU 1B
OU 3
OU 4B
UST 222

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

2006 THIRD QUARTER GROUNDWATER 
MONITORING DATA SUMMARY, OU AND 
MINGLED PLUMES AREA (CD COPY 
ENCLOSED)

DO 0006

02-14-2007
02-09-2007

BROWN & 
CALDWELL
P. HANNER
BRAC PMO WEST
 

REPORT
N68711-04-D-1110
450

M62535 /  002638
44/131554-003

ADMIN RECORD
BASE
INFO REPOSITORY

005
006
012
OU 1B
OU 4B
SITE 00003

NAVFAC 
SOUTHWEST - BLDG. 
1
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EXTENSION REQUEST FOR SUBMITTAL OF 
DRAFT 2006 ANNUAL GROUNDWATER 
MONITORING DATA SUMMARY REPORT, 
OPERABLE UNITS, SITES, AND THE 
MINGLED PLUME AREA

NONE

06-12-2007
05-04-2007

BRAC PMO WEST
WEISSENBORN, R.
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
2

M62535 /  002663
BRAC SER 
BPMOW.RLC/0534

ADMIN RECORD
BASE
INFO REPOSITORY

OU 00001B
OU 00004B
SITE 00005
SITE 00006

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

REVIEW AND APPROVAL OF EXTENSION 
REQUEST FOR SUBMITTAL OF DRAFT 2006 
ANNUAL GROUNDWATER MONITORING 
DATA SUMMARY REPORT, OPERABLE 
UNITS, SITES, AND THE MINGLED PLUME 
AREA (PORTION OF MAILING LIST IS 
SENSITIVE)

NONE

08-15-2007
05-07-2007

DTSC - CYPRESS, 
CA
SCANDURA, J.
BRAC PMO WEST
WEISSENBORN, R.

CORRESPONDENC
E
NONE
2

M62535 /  002675
NONE

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 00001B
OU 00004B
SITE 00005
SITE 00006

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

TRANSMITTAL OF DRAFT 2006 ANNUAL 
GROUNDWATER MONITORING REPORT, 
AND MINGLED PLUMES AREA (PORTION OF 
MAILING LIST IS SENSITIVE) [SEE AR # 
2686 - DRAFT 2006 ANNUAL 
GROUNDWATER MONITORING REPORT, 
AND MINGLED PLUMES AREA ]

NONE

08-27-2007
05-21-2007

BRAC PMO WEST
R. WEISSENBORN
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
2

M62535 /  002685
BRAC SER 
BPMOW.RLC/0568

ADMIN RECORD
BASE
INFO REPOSITORY

IRP 12
IRP 3
IRP 5
IRP 6
OU 1B
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

DRAFT 2006 ANNUAL GROUNDWATER 
MONITORING REPORT, AND MINGLED 
PLUMES AREA (SEE AR # 2685 - BRAC 
PMOW TRANSMITTAL LETTER BY R. 
WEISSENBORN)

DO 0006

08-27-2007
05-21-2007

BROUWN AND 
CALDWELL
P. HAMNER
BRAC PMO WEST
 

REPORT
N68711-04-D-1110
700

M62535 /  002686
1044-13544-003

ADMIN RECORD
BASE
INFO REPOSITORY

IRP 12
IRP 3
IRP 5
IRP 6
OU 1B
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

COMMENTS ON DRAFT 2006 ANNUAL 
GROUNDWATER MONITORING REPORT - 
OPERABLE UNITS AND THE MINGLED 
PLUMES AREA (PORTION OF MAILING LIST 
IS SENSITIVE)

NONE

02-07-2008
07-05-2007

DTSC - CYPRESS, 
CA
PEDDADA, A.
BRAC PMO WEST
WEISSENBORN, R.

CORRESPONDENC
E
NONE
4

M62535 /  002732
NONE

ADMIN RECORD
BASE

OU 00001B
OU 00004B
SITE 00003
SITE 00005
SITE 00006
SITE 00012

NAVFAC 
SOUTHWEST - BLDG. 
1
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COMMENTS ON DRAFT 2006 ANNUAL 
GROUNDWATER MONITORING REPORT 
AND MINGLED PLUMES AREA SWRCB 
GEOTRACKER GLOBAL IDS: DOD100391500, 
DOD100395500, DOD100391700, 
DOD100393400, DOD100397500

NONE

08-15-2007
07-18-2007

CRWQCB - 
RIVERSIDE
P. HANNON
BRAC PMO WEST
R. WEISSENBORN

CORRESPONDENC
E
NONE
2

M62535 /  002682
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

IRP 002
IRP 003
IRP 006
IRP 012
OU 001B
OU 004B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

FINAL 2006 ANNUAL GROUNDWATER 
MONITORING REPORT AND MINGLED 
PLUMES AREA (SEE AR # 2690 - BRAC 
PMOW TRANSMITTAL LETTER BY R. 
WEISSENBORN) {INCLUDES ANALYTICAL 
DATA}

DO 0006

09-27-2007
09-20-2007

BROWN AND 
CALDWELL
P. HAMNER
BRAC PMO WEST
 

REPORT
N68711-04-D-1110
3500

M62535 /  002691
JNS-1110-0006-
*0001

ADMIN RECORD
BASE
INFO REPOSITORY

IRP-12
IRP-3
IRP-5
IRP-6
OU 1B
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

TRANSMITTAL OF FINAL 2006 ANNUAL 
GROUNDWATER MONITORING REPORT 
AND MINGLED PLUMES AREA (PORTION OF 
THE DOCUMENT IS SENSITIVE) [W/ OUT 
ENCLOSURE] {SEE AR #  2691 - FINAL 2006 
ANNUAL GROUNDWATER MONITORING 
REPORT AND MINGLED PLUMES AREA}

NONE

09-25-2007
09-24-2007

BRAC PMO WEST
R. WEISSENBORN
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
2

M62535 /  002690
BRAC SER 
BPMOW.LC/0856

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

IRP-12
IRP-3
IRP-5
IRP-6
OU 1B
OU 4B

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

REVIEW OF AND NO COMMENTS ON FINAL 
2006 ANNUAL GROUNDWATER 
MONITORING REPORT (PORTION OF 
MAILING LIST IS SENSITIVE)

NONE

03-14-2008
09-28-2007

DTSC - CYPRESS, 
CA
PEDDADA, A.
MCAS EL TORO, 
CA
WEISSENBORN, R.

CORRESPONDENC
E
NONE
2

M62535 /  002740
NONE

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 00001B
OU 00004B
SITE 00003
SITE 00012

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

DRAFT FINAL AMENDED SITE 
MANAGEMENT PLAN FISCAL YEAR 2008 
UPDATENONE

12-27-2007
10-01-2007

BRAC PMO WEST
 
NAVFAC - 
SOUTHWEST
 

REPORT
NONE
11

M62535 /  002727
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 00001A
OU 00001B
OU 00003
OU 00004B

NAVFAC 
SOUTHWEST - BLDG. 
1
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20 FEBRUARY 2008 RESTORATION 
ADVISORY BOARD (RAB) MEETING MAILER 
(INCLUDES AGENDA, PUBLIC NOTICE, 14 
NOVEMBER 2007 RAB MEETING MINUTES 
AND SIGN-IN SHEETS, AND MAILING LIST) 
[PORTION OF THE MAILING LIST IS 
SENSITIVE]

DO 0069

05-05-2008
02-13-2008

CDM FEDERAL 
CORPORATION
 
RAB MEMBERS
 

MINUTES
N68711-00-D-0004
20

M62535 /  002791
CDM/0004/0069/0177

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 0001A
OU 0001B
OU 0004B
SITE 00222

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

REQUEST FOR FEDERAL FACILITY SITE 
REMEDIATION AGREEMENT (FFSRA) 
SCHEDULE EXTENSION FOR THE REVISED 
DRAFT FEASIBILITY STUDY (W/ENCLOSURE)

NONE

04-02-2008
02-19-2008

BRAC PMO WEST
WEISSENBORN, R.
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
6

M62535 /  002742
BRAC SER 
BPMOW.RCW/0275

ADMIN RECORD
BASE
INFO REPOSITORY

OU 0004B
SITE 00006

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

20 FEBRUARY 2008 FINAL BASE 
REALIGNMENT AND CLOSURE (BRAC) 
CLEANUP TEAM (BCT) MEETING MINUTES 
(INCLUDES VARIOUS HANDOUTS)

DO 0069

08-06-2008
02-20-2008

CDM FEDERAL 
CORPORATION
 
BRAC PMO WEST
 

MINUTES
N68711-00-D-0004
20

M62535 /  002853
CDM/0004/0069/0190

ADMIN RECORD
BASE
INFO REPOSITORY

OU 0001A
OU 0001B
OU 0004B
SITE 00006
UST 000222

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

RESPONSE TO REQUEST FOR FEDERAL 
FACILITY SITE REMEDIATION AGREEMENT 
(FFSRA) SCHEDULE EXTENSION FOR THE 
REVISED DRAFT FEASIBILITY STUDY 
(PORTION OF THE MAILING LIST IS 
SENSITIVE)

NONE

11-21-2008
02-21-2008

DTSC - CYPRESS
SCANDURA, J.
MCAS EL TORO
WEISSENBORN, R.

CORRESPONDENC
E
NONE
2

M62535 /  002889
NONE

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 0004B
SITE 00006

NAVFAC 
SOUTHWEST - BLDG. 
1
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UIC No.  / Rec. No.

Record Type
Contr./Guid. No.
Approx. # Pages

Prc. Date
Record Date
CTO No.
EPA Cat. #

Author Affil.
Author
Recipient Affil.
Recipient

Doc. Control No.

Subject Classification Sites

Location
SWDIV Box No(s)
CD No.

FRC Accession No.
FRC Warehouse

FRC Box No(s)

DRAFT TECHNICAL MEMORANDUM 
SUPPLEMENTAL INVESTIGATION AT 
INSTALLATION RESTORATION PROGRAM 
(IRP) AND THE MINGLED PLUMES AREA (CD 
COPY ENCLOSED) {INCLUDES ANALYTICAL 
DATA - PAPER ONLY}

CTO 0062

04-21-2008
03-01-2008

BECHTEL 
ENVIRONMENTAL, 
INC.
HEIRONIMUS, T.
NAVFAC - 
SOUTHWEST
 

REPORT
N68711-95-D-7526
15262

M62535 /  002745
BEI-7526-0062-0205

ADMIN RECORD
BASE
INFO REPOSITORY

AOC DSS-01
AOC DSS-02
AOC MDA-02
AOC MMS-05
AOC ST-67
BLDG 00028
BLDG 00250
HANGAR 1
OU 0004B
SITE 00005S
SITE 00006
SITE 00011
SITE 00013W
WELL 00001D
WELL 00002D
WELL 00002S
WELL 00003D
WELL 00004S
WELL 00005S
WELL 00006S
WELL 00007S
WELL 0003SR
WELL 0004SR
WELL HP1
WELL HP2
WELL HP3
WELL HP4
WELL HP5A

FRC - PERRIS
 
IMAGED
TSTN_022

181-09-0046 BOX 0001
BOX 0002
BOX 0003
BOX 0004
BOX 0005
BOX 0006

REVISED DRAFT FEASIBILITY STUDY (FS) 
REPORT (CD COPY ENCLOSED) [SEE AR # 
2746 - BRAC PMO WEST TRANSMITTAL 
LETTER, AND # 2447 - DRAFT FEASIBILITY 
STUDY REPORT] {***SEE COMMENTS}

00062

04-21-2008
03-01-2008

BECHTEL 
ENVIRONMENTAL, 
INC.
HEIRONIMUS, T.
BRAC PMO WEST
 

REPORT
N68711-95-D-7526
600

M62535 /  002747
0062/0081.R1

ADMIN RECORD
BASE
INFO REPOSITORY

OU 0004B NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

Tuesday, March 31, 2009 Page 11 of 23



UIC No.  / Rec. No.

Record Type
Contr./Guid. No.
Approx. # Pages

Prc. Date
Record Date
CTO No.
EPA Cat. #

Author Affil.
Author
Recipient Affil.
Recipient

Doc. Control No.

Subject Classification Sites

Location
SWDIV Box No(s)
CD No.

FRC Accession No.
FRC Warehouse

FRC Box No(s)

TRANSMITTAL OF THE DRAFT TECHNICAL 
MEMORANDUM, SUPPLEMENTAL 
INVESTIGATION AT THE INSTALLATION 
RESTORATION PROGRAM (IRP) AND THE 
MINGLED PLUMES AREA {PORTION OF THE 
MAILING LIST IS SENSITIVE} (W/OUT 
ENCLOSURE)

NONE

04-21-2008
03-21-2008

BRAC PMO WEST
THEROUX, D.
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
4

M62535 /  002744
BRAC SER 
BPMOW.JCT/0352

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 0004B
SITE 00006

FRC - PERRIS
 
IMAGED
TSTN_022

181-09-0046 BOX 0001

TRANSMITTAL OF TH REVISED DRAFT 
FEASIBILITY STUDY REPORT (W/OUT 
ENCLOSE) [SEE AR # 2747 - REVISED 
DRAFT FEASIBILITY STUDY REPORT]

NONE

04-21-2008
03-31-2008

BRAC PMO WEST
THEROUX, D.
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
2

M62535 /  002746
BRAC SER 
BPMOW.JCT/0365

ADMIN RECORD
BASE
INFO REPOSITORY

OU 0004B NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

14 NOVEMBER 2007 FINAL BASE 
REALIGNMENT AND CLOSURE (BRAC) 
CLEANUP TEAM (BCT) MEETING MINUTES 
(INCLUDES VARIOUS HANDOUTS)

DO 0069

05-05-2008
04-15-2008

CDM FEDERAL 
CORPORATION
 
NAVFAC - 
SOUTHWEST
 

MINUTES
N68711-00-D-0004
25

M62535 /  002792
CDM/0004/0069/0180

ADMIN RECORD
BASE
INFO REPOSITORY

OU 0001A
OU 0001B
OU 0004B
SITE 00222

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

20 FEBRUARY 2008 80TH RESTORATION 
ADVISORY BOARD (RAB) MEETING 
MATERIALS (INCLUDES AGENDA, PUBLIC 
NOTICE, 14 NOVEMBER 2007 RAB MEETING 
MINUTES, AND VARIOUS HANDOUTS)

DO 0069

05-05-2008
04-15-2008

CDM FEDERAL 
CORPORATION
 
NAVFAC - 
SOUTHWEST
 

MINUTES
N68711-00-D-0004
40

M62535 /  002793
CDM/0004/0069/018

ADMIN RECORD
BASE
INFO REPOSITORY

OU 0001A
OU 0001B
OU 0004B
SITE 00222

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

REVIEW AND COMMENTS ON THE DRAFT 
TECHNICAL MEMORANDUM 
SUPPLEMENTAL INVESTIGATION AT THE 
MINGLED PLUMES AREA [SEE AR # 2745 - 
DRAFT TECHNICAL MEMORANDUM 
SUPPLEMENTAL INVESTIGATION]

NONE

06-03-2008
04-17-2008

CITY OF TUSTIN
SHINGLETON, C.
BRAC PMO WEST
THEROUX, D.

CORRESPONDENC
E
NONE
2

M62535 /  002820
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 0004B
SITE 00006

NAVFAC 
SOUTHWEST - BLDG. 
1
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UIC No.  / Rec. No.

Record Type
Contr./Guid. No.
Approx. # Pages

Prc. Date
Record Date
CTO No.
EPA Cat. #

Author Affil.
Author
Recipient Affil.
Recipient

Doc. Control No.

Subject Classification Sites

Location
SWDIV Box No(s)
CD No.

FRC Accession No.
FRC Warehouse

FRC Box No(s)

REVIEW AND COMMENTS ON THE DRAFT 
TECHNICAL MEMORANDUM 
SUPPLEMENTAL INVESTIGATION AT THE 
MINGLED PLUMES AREA (PORTION OF THE 
MAILING LIST IS SENSITIVE) [SEE AR # 
2745 - DRAFT TECHNICAL MEMORANDUM 
SUPPLEMENTAL INVESTIGATION]

NONE

06-03-2008
04-22-2008

DTSC - CYPRESS
PEDDADA. A.
BRAC PMO WEST
THEROUX, D.

CORRESPONDENC
E
NONE
2

M62535 /  002821
NONE

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 0004B
SITE 00006

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

08 MAY 2008 FINAL BASE REALIGNMENT 
AND CLOSURE (BRAC) CLEANUP TEAM 
(BCT) MEETING MINUTES (INCLUDES 
VARIOUS HANDOUTS)

DO 0069

09-04-2008
05-08-2008

CDM FEDERAL
 
BRAC PMO WEST
 

MINUTES
N68711-00-D-0004
20

M62535 /  002867
CDM/0004/0069/0195

ADMIN RECORD
BASE
INFO REPOSITORY

OU 0001A
OU 0001B
OU 0004B
SITE 00006
UST 000222
WELL EW-12
WELL EW-13
WELL EW-14
WELL EW-9
WELL MW-10
WELL MW-9

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

14 MAY 2008 RESTORATION ADVISORY 
BOARD (RAB) MEETING MAILER (INCLUDES 
AGENDA, PUBLIC NOTICE, 20 FEBRUARY 
2008 RAB MEETING MINUTES AND SIGN-IN 
SHEETS, REVISED 14 NOVEMBER 2007 RAB 
MEETING MINUTES, AND MAILING LIST) 
[***SEE COMMENTS]

DO 0069

05-13-2008
05-14-2008

CDM FEDERAL 
CORPORATION
 
RAB MEMBERS
 

MINUTES
N68711-00-D-0004
0

M62535 /  002797
CDM/0004/0069/0185

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 001A
OU 001B
OU 004B
SITE 00003
SITE 00006
SITE 00011
SITE 00012
SITE 00013
SITE 0005S
SITE 0013W
UST 000222

NAVFAC 
SOUTHWEST - BLDG. 
1
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UIC No.  / Rec. No.

Record Type
Contr./Guid. No.
Approx. # Pages

Prc. Date
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CTO No.
EPA Cat. #

Author Affil.
Author
Recipient Affil.
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Doc. Control No.

Subject Classification Sites

Location
SWDIV Box No(s)
CD No.

FRC Accession No.
FRC Warehouse

FRC Box No(s)

14 MAY 2008 81ST RESTORATION 
ADVISORY BOARD (RAB) MEETING PUBLIC 
INFORMATION MATERIALS (INCLUDES 
AGENDA, PUBLIC NOTICE, 20 FEBRUARY 
2008 MEETING MINUTES, SIGN-IN SHEETS, 
REVISED 14 NOVEMBER 2007 MEETING 
MINUTES, AND VARIOUS HANDOUT 
MATERIALS)

DO 0069

06-03-2008
05-14-2008

CDM FEDERAL 
CORPORATION
 
RAB MEMBERS
 

MINUTES
N68711-00-D-0004
40

M62535 /  002822
CDM/0004/0069/0186

ADMIN RECORD
BASE
INFO REPOSITORY

OU 0001A
OU 0004B
SITE 00003
SITE 00006
SITE 00011
SITE 00012
SITE 00013
SITE 00013S
SITE 0013W
UST 000222

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

REVIEW AND COMMENTS ON THE REVISED 
DRAFT FEASIBILITY STUDY (FS) REPORT 
[SEE RECORD # 2747 - REVISED DRAFT FS 
REPORT]

NONE

10-07-2008
05-30-2008

CITY OF TUSTIN
OGDON, D.
BRAC PMO WEST
THEROUX, D.

CORRESPONDENC
E
NONE
6

M62535 /  002882
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 00003
OU 0001A
OU 0001B
OU 0004B
SITE 00005
SITE 00011
SITE 00013W

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

DRAFT AMENDED SITE MANAGEMENT 
PLAN FISCAL YEAR 2009 UPDATE

NONE

07-09-2008
06-01-2008

BRAC PMO WEST
 
MCAS TUSTIN, CA
 

REPORT
NONE
11

M62535 /  002846
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 00001A
OU 00001B
OU 00003
OU 00004B
UST 000029A
UST 000222

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

REVIEW AND COMMENTS ON THE REVISED 
DRAFT FEASIBILITY STUDY REPORT [SEE 
AR # 2747 - REVISED DRAFT FEASIBILITY 
STUDY REPORT]

NONE

07-09-2008
06-18-2008

CRWQCB - 
RIVERSIDE
HANNON, P.
BRAC PMO WEST
THEROUX, D.

CORRESPONDENC
E
NONE
3

M62535 /  002838
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 0004B
SITE 00006
SITE 0005S

NAVFAC 
SOUTHWEST - BLDG. 
1
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REVIEW AND COMMENTS ON THE REVISED 
DRAFT FEASIBILITY STUDY REPORT 
(INCLUDES HERD COMMENTS DATED 17 
JUNE 2008) [SEE AR # 2747 - REVISED 
DRAFT FEASIBILITY STUDY REPORT]

NONE

07-09-2008
06-24-2008

DTSC - CYPRESS
PEDDADA, A.
BRAC PMO WEST
THEROUX, D.

CORRESPONDENC
E
NONE
10

M62535 /  002837
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 0001A
OU 0004B
SITE 00006
SITE 00011
SITE 0005S
SITE 0013W

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

06 AUGUST 2008 82ND RESTORATION 
ADVISORY BOARD (RAB) MEETING MAILER 
(INCLUDES AGENDA, PUBLIC NOTICE, 14 
MAY 2008 RAB MEETING MINUTES AND 
SIGN-IN SHEETS, AND MAILING LIST) 
[PORTION OF THE MAILING LIST IS 
SENSITIVE]

DO 0069

08-06-2008
08-06-2008

CDM FEDERAL 
CORPORATION
 
RAB MEMBERS
 

MINUTES
N68711-00-D-0004
40

M62535 /  002852
CDM/0004/0069/019

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 0001A
OU 0001B
OU 0004B
SITE 00003
SITE 00005 
SOUTH
SITE 00006
SITE 00011
SITE 00012
SITE 00013 
SOUTH
SITE 0013W
UST 000222

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

FEDERAL FACILITY SITE REMEDIATION 
AGREEMENT (FFSRA) SCHEDULE 
EXTENSION REQUEST FOR THE DRAFT 
PROPOSED PLAN (PP) / REMEDIAL ACTION 
PLAN (RAP) [INCLUDES UPDATED SITE 
MANAGEMENT PLAN (SMP) SCHEDULE]

NONE

08-18-2008
08-07-2008

BRAC PMO WEST
MEGLIOLA, A.
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
8

M62535 /  002854
BRAC SER 
BPMOW.JC/0639

ADMIN RECORD
BASE
INFO REPOSITORY

OU 004B NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

APPROVAL OF FEDERAL FACILITY 
AGREEMENT SCHEDULE EXTENSION 
REQUEST FOR THE DRAFT PROPOSED 
PLAN (PP) / REMEDIAL ACTION PLAN (RAP)

NONE

09-03-2008
08-07-2008

DTSC - CYPRESS, 
CA
PEDDADA, A.
BRAC PMO WEST
MEGLIOLA, A.

CORRESPONDENC
E
NONE
1

M62535 /  002865
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 00004B NAVFAC 
SOUTHWEST - BLDG. 
1
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UIC No.  / Rec. No.

Record Type
Contr./Guid. No.
Approx. # Pages

Prc. Date
Record Date
CTO No.
EPA Cat. #

Author Affil.
Author
Recipient Affil.
Recipient

Doc. Control No.

Subject Classification Sites

Location
SWDIV Box No(s)
CD No.

FRC Accession No.
FRC Warehouse

FRC Box No(s)

FEDERAL FACILITY SITE REMEDIATION 
AGREEMENT (FFSRA) SCHEDULE 
EXTENSION REQUEST FOR THE DRAFT 
PROPOSED PLAN (PP)/REMEDIAL ACTION 
PLAN (RAP) [INCLUDES FEDERAL FACILITY 
SITE REMEDIATION AGREEMENT SITE 
MANAGEMENT PLAN UPDATED SCHEDULE] 
{***SEE COMMENTS}

NONE

09-09-2008
08-27-2008

BRAC PMO WEST
MEGLIOLA, A.
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
6

M62535 /  002871
BRAC SER 
BPMOW.CA/0780

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 0004B NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

FINAL TECHNICAL MEMORANDUM 
SUPPLEMENTAL INVESTIGATION AT THE 
MINGLED PLUMES AREA (INCLUDES 
RESPONSES TO COMMENTS ON THE 
DRAFT, ANALYTICAL DATA, AND CD COPY) 
[SEE RECORD # 2869 - BRAC PMO WEST 
TRANSMITTAL LETTER]

00062

09-08-2008
09-01-2008

BECHTEL 
ENVIRONMENTAL, 
INC.
HEIRONIMUS, T.
BRAC PMO WEST
 

REPORT
N68711-95-D-7526
2000

M62535 /  002870
BEI-7526-0062-0218

ADMIN RECORD
BASE
INFO REPOSITORY

OU 0004B
SITE 00006

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

DRAFT PROPOSED PLAN (PP) /DRAFT 
REMEDIAL ACTION PLAN (RAP) (CD COPY 
ENCLOSED)CTO 0013

09-12-2008
09-01-2008

BAI
 
NAVFAC - 
SOUTHWEST
 

REPORT
N68711-03-D-5106
20

M62535 /  002874
BAI-5106-0013-0001

ADMIN RECORD OU 00004B
SITE 00005S
SITE 00006
SITE 00011
SITE 00013W

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

FINAL FEASIBILITY STUDY (FS) REPORT 
(INCLUDES REPLACEMENT PAGES 
CONVERTING DRAFT FINAL FS REPORT 
DATED 01 SEPTEMBER 2008 TO FINAL AND 
CD COPY ENCLOSED) [SEE RECORD # 2877 
AND # 2885 - BRAC PMO WEST 
TRANSMITTAL LETTERS] {***SEE 
COMMENTS}

00062

10-03-2008
09-01-2008

BECHTEL 
ENVIRONMENTAL, 
INC.
HEIRONIMUS, T.
BRAC PMO WEST
 

REPORT
N68711-95-D-7526
1200

M62535 /  002878
BEI-7526-0062-
0219.R1

ADMIN RECORD
BASE
INFO REPOSITORY

AOC DSS-01
AOC DSS-02
AOC MDA-02
AOC MMS-05
AOC ST-67
OU 00004
OU 0001A
OU 0001B
OU 0004B
SITE 00006
SITE 00011
SITE 0005S
SITE 0013W

NAVFAC 
SOUTHWEST - BLDG. 
1
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UIC No.  / Rec. No.

Record Type
Contr./Guid. No.
Approx. # Pages

Prc. Date
Record Date
CTO No.
EPA Cat. #

Author Affil.
Author
Recipient Affil.
Recipient

Doc. Control No.

Subject Classification Sites

Location
SWDIV Box No(s)
CD No.

FRC Accession No.
FRC Warehouse

FRC Box No(s)

TRANSMITTAL OF THE 1) FINAL TECHNICAL 
MEMORANDUM SUPPLEMENTAL 
INVESTIGATION AT THE MINGLED PLUMES 
AREA, AND THE 2) RESPONSES TO 
COMMENTS ON THE DRAFT DATED 01 
MARCH 2008 (W/OUT ENCLOSURE) [SEE 
RECORD # 2870 - FINAL TECHNICAL 
MEMORANDUM]

NONE

09-08-2008
09-03-2008

BRAC PMO WEST
MEGLIOLA, A.
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
3

M62535 /  002869
BRAC SER 
BPMOW.JC/0791

ADMIN RECORD
BASE
INFO REPOSITORY

OU 0004B
SITE 00006

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

06 AUGUST 2008 92ND RESTORATION 
ADVISORY BOARD (RAB) MEETING 
MATERIALS (INCLUDES AGENDA, PUBLIC 
NOTICE, 14 MAY 2008 RAB MEETING 
MINUTES, AND VARIOUS HANDOUTS)

DO 0069

09-12-2008
09-05-2008

CDM BROWN AND 
CALDWELL
 
BRAC PMO WEST
 

MINUTES
N68711-00-D-0004
100

M62535 /  002872
CDM-0004-0069-
0196

ADMIN RECORD
BASE
INFO REPOSITORY

OU 00001A
OU 00001B
OU 00004B
SITE 00003
SITE 00005S
SITE 00006
SITE 00011
SITE 00012
SITE 00013S
SITE 00013W
UST 000222

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

TRANSMITTAL OF THE DRAFT FINAL 
FEASIBILITY STUDY (FS) REPORT 
(PORTION OF THE MAILING LIST IS 
SENSITIVE) [W/OUT ENCLOSURE] [SEE 
RECORD # 2878 - DRAFT FINAL FS REPORT}

NONE

10-03-2008
09-09-2008

BRAC PMO WEST
MEGLIOLA, A.
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
2

M62535 /  002877
BRAC SER 
BPMOW.JC/0824

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 0004B
SITE 00006
SITE 00011
SITE 0005S
SITE 0013W

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

REVIEW AND NO FURTHER COMMENTS ON 
THE FINAL TECHNICAL MEMORANDUM 
SUPPLEMENTAL INVESTIGATION AT THE 
MINGLED PLUMES AREA (PORTION OF THE 
MAILING LIST IS SENSITIVE) [SEE RECORD 
# 2870 - FINAL TECHNICAL MEMORANDUM 
SUPPLEMENTAL INVESTIGATION]

NONE

10-07-2008
09-09-2008

DTSC - CYPRESS
PEDDADA, A.
BRAC PMO WEST
THEROUX, D.

CORRESPONDENC
E
NONE
2

M62535 /  002884
NONE

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 0004B
SITE 00006

NAVFAC 
SOUTHWEST - BLDG. 
1
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TRANSMITTAL OF DRAFT PROPOSED 
PLAN/DRAFT REMEDIAL ACTION PLAN 
(W/OUT ENCLOSURE) [PORTION OF 
MAILING LIST IS SENSITIVE]

NONE

09-12-2008
09-10-2008

BRAC PMO WEST
MEGLIOLA, A.
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
2

M62535 /  002873
BRAC SER 
BPMOW.JC/0826

ADMIN RECORD
SENSITIVE

OU 00004B NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

REVIEW OF AND NO COMMENTS ON THE 
DRAFT PROPOSED PLAN

NONE

10-24-2008
10-01-2008

CRWQCB - 
RIVERSIDE, CA
HANNON, P.
MCAS EL TORO, 
CA
MEGLIOLA, A.

CORRESPONDENC
E
NONE
2

M62535 /  002887
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 00004B NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

COMMENTS ON THE DRAFT FINAL 
FEASIBILITY STUDY (FS) REPORT

NONE

10-24-2008
10-01-2008

CRWQCB - 
RIVERSIDE, CA
HANNON, P.
MCAS EL TORO, 
CA
MEGLIOLA, A.

CORRESPONDENC
E
NONE
2

M62535 /  002888
NONE

ADMIN RECORD
BASE
INFO REPOSITORY

OU 00004B NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

TRANSMITTAL OF REPLACEMENT PAGES 
CONVERTING DRAFT FINAL FEASIBILITY 
STUDY (FS) REPORT DATED 01 
SEPTEMBER 2008 TO FINAL (PORTION OF 
THE MAILING LIST IS SENSITIVE) [W/OUT 
ENCLOSURE] {SEE RECORD # 2878 - FINAL 
FS REPORT}

NONE

10-15-2008
10-07-2008

BRAC PMO WEST
MEGLIOLA, A.
VARIOUS 
AGENCIES
 

CORRESPONDENC
E
NONE
2

M62535 /  002885
BRAC SER 
BPMOW.JC/1004

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 0004B
SITE 00006
SITE 00011
SITE 00013
SITE 0005S

NAVFAC 
SOUTHWEST - BLDG. 
1
 
 
 

REVIEW AND COMMENTS ON THE FINAL 
FEASIBILITY STUDY (FS) REPORT 
(PORTION OF THE MAILING LIST IS 
SENSITIVE)

NONE

12-09-2008
10-14-2008

DTSC - CYPRESS, 
CA
PEDDADA, A.
MCAS EL TORO
THEROUX, D.

CORRESPONDENC
E
NONE
4

M62535 /  002900
NONE

ADMIN RECORD
BASE
INFO REPOSITORY
SENSITIVE

OU 0004B NAVFAC 
SOUTHWEST - BLDG. 
1
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UIC No.  / Rec. No.
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Prc. Date
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EPA Cat. #
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Author
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EXPLANATION OF UPCOMING COMMENTS 
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