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SECTION 1.0 

 

DECLARATION 

1.1 Site Name and Location 
  

Portland Air National Guard Base (Portland ANGB), 6801 NE Cornfoot 
Road, Portland, Oregon. 

1.2 Statement of Basis and Purpose 
  

This decision document presents the Selected Remedies for areas of the 
Portland ANGB that present unacceptable risks to human health or the 
environment due to past releases of hazardous substances at the Base.  
The remedies were chosen in accordance with the Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA) (as amended by the Superfund Amendments and 
Reauthorization Act of 1986), the Oregon Environmental Cleanup Law of 
1987, and, to the extent practicable, the National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP).  This decision is based on 
the Administrative Record for the Portland ANGB. 

The Oregon Department of Environmental Quality (ODEQ) concurs with 
the Selected Remedies. 

1.3 Assessment of Site 
  

The response actions selected in this Record of Decision (ROD) are 
necessary to protect the public health or welfare or the environment from 
past releases of hazardous substances into the environment. 
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1.4 Description of Selected Remedies 
  

Based on human health and ecological risk assessments conducted at the 
Portland ANGB, six sites have been identified as having hazardous 
substances present in groundwater or sediment at concentrations that 
pose unacceptable risks to human health or the environment (ERM 2001a, 
2002a).  These sites are designated as Environmental Restoration Program 
(ERP) Sites 1, 2, 3, 4, 9, and 11.  Four other sites that were investigated, 
ERP Sites 5, 7, 8, and 10, were determined to pose no unacceptable risks 
(ERM 2001a).  Response actions will be implemented at ERP Sites 2, 4, 9, 
and 11.  Groundwater contamination at ERP Sites 1 and 3 will be 
addressed as part of the ERP Site 2 remedy, as Site 2 is the presumed 
source of the groundwater contamination at Sites 1 and 3.  No further 
action is recommended at ERP Sites 5, 7, 8, and 10. 

The Selected Remedies for the Portland ANGB ERP sites are: 

• ERP Site 1 (Central Hazardous Waste Storage Area):  In Situ  
Oxidation – Potassium Permanganate Injection with Monitored 
Natural Attenuation (MNA) (Site 1 will be addressed as part of the Site 
2 remedy); 

• ERP Site 2 (Civil Engineering Hazardous Material Storage Area):  In 
Situ Oxidation – Potassium Permanganate Injection with MNA; 

• ERP Site 3 (Hush House Area):  In Situ Oxidation – Potassium 
Permanganate Injection with MNA (Site 3 will be addressed as part of 
the Site 2 remedy); 

• ERP Site 4 (Main Drainage Ditch):  Ditch Filling/Sediment Capping; 

• ERP Site 5 (Aerospace Ground Equipment Maintenance Shop):  No 
Further Action; 

• ERP Site 7 (Burn Pit Area):  No Further Action; 

• ERP Site 8 (Sanitary Landfill):  No Further Action; 

• ERP Site 9 (Petroleum, Oil, and Lubricants Facility):  In Situ  
Oxidation – Sodium Persulfate Injection with MNA; 

• ERP Site 10 (Equipment Washrack):  No Further Action; and 
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• ERP Site 11 (Washrack West of Building 250):  In Situ Oxidation – 
Potassium Permanganate Injection with MNA. 

The remedy for ERP Sites 2, 9, and 11 utilizes in situ chemical oxidation 
and MNA to treat dissolved volatile organic compounds (VOCs) in 
groundwater.  The contaminants of concern (COCs) at Sites 1, 2, 3, and 11 
consist of chlorinated VOCs such as trichloroethene (TCE), 1,2-
dichloroethane, cis-1,2-dichloroethene, and vinyl chloride.  The primary 
COC at Site 9 is benzene, although isolated detections of polynuclear 
aromatic hydrocarbons (PAHs) have also been reported at trace levels that 
exceed acceptable risk-based concentrations.  The major components of the 
remedy for ERP Sites 2, 9, and 11 include: 

• Injecting an aqueous solution of potassium permanganate (Sites 2 and 
11) or sodium persulfate (Site 9) through the lateral and vertical extent 
of groundwater impacted by COC concentrations exceeding ODEQ hot 
spot criteria; and 

• Monitoring concentrations of COCs and natural attenuation 
parameters in groundwater to verify compliance with site-specific 
remedial action objectives (RAOs). 

The remedy for ERP Site 4 (Main Drainage Ditch) utilizes ditch 
filling/sediment capping to eliminate potential ecological risks posed by 
COCs identified in ditch sediments (primarily metals, PAHs, and 
polychlorinated biphenyls [PCBs]).  Unlike the remedy for ERP Sites 2, 9, 
and 11, the Site 4 remedy was not selected through the normal remedy 
selection process.  As discussed in Sections 1.6 and 2.12.2, the Site 4 
remedy is a byproduct of a planned stormwater improvement project at 
the Base. 

Upon successful completion of the response actions at ERP Sites 2, 4, 9, 
and 11, the Air National Guard (ANG) will seek a No Further Action 
decision from the ODEQ for the Portland ANGB. 

1.5 Statutory Determinations 
  

The Selected Remedies for ERP Sites 2, 4, 9, and 11 are protective of 
human health and the environment, comply with Federal and State 
requirements that are applicable or relevant and appropriate to the 
response actions, are cost-effective, and utilize permanent solutions to the 
maximum extent practicable.  In addition, the remedy for ERP Sites 2, 9, 
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and 11 utilizes alternative treatment technologies to the maximum extent 
practicable, and satisfies the statutory preference for treatment as a 
principal element of the remedy (i.e., reduces the toxicity, mobility, or 
volume [TMV] of hazardous substances as a principal element through 
treatment). 

The Selected Remedy for ERP Sites 2, 9, and 11 is not expected to result in 
hazardous substances remaining in groundwater above levels that allow 
for unlimited use and unrestricted exposure.  However, it may take longer 
than 5 years to achieve target cleanup levels and meet site RAOs.  
Therefore, a policy review may be conducted within 5 years of 
construction completion to ensure that the remedy for ERP Sites 2, 9, and 
11 is, or will be, protective of human health and the environment. 

1.6 ROD Data Certification Checklist 
  

The following information is included in the Decision Summary section of 
this ROD (Section 2.0).  Additional information can be found in the 
Administrative Record for the Portland ANGB. 

• COCs and their respective concentrations; 

• Baseline risks represented by the COCs; 

• Cleanup levels established for the COCs and the basis for these levels; 

• How source materials constituting principal threats are addressed; 

• Current and reasonably anticipated future land use assumptions and 
current and potential future beneficial uses of groundwater used in the 
baseline risk assessment and ROD; 

• Potential land and groundwater use that will be available at the Base 
as a result of the Selected Remedies; 

• Cost estimates for implementing the Selected Remedies (ERP Sites 2, 9, 
and 11 only – see below); and 

• Key factors that led to selecting the remedies. 

The Portland ANGB intends to install stormwater drainage piping and 
clean fill material in the Main Drainage Ditch (ERP Site 4) in fiscal year 
2005 as part of a facility stormwater improvement project.  This action will 
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SECTION 2.0 

 

DECISION SUMMARY 

This section provides an overview of the site characteristics, the remedial 
alternatives evaluated, and the analysis of those alternatives.  It also 
identifies the Selected Remedies and explains how the remedies fulfill 
statutory and regulatory requirements. 

2.1 Site Name, Location, and Description 
  

The Portland ANGB is located at 6801 NE Cornfoot Road in Portland, 
Oregon.  The Base occupies approximately 245 acres immediately south of 
the Portland International Airport (PIA), between the Columbia River to 
the north and the Columbia Slough to the south (Figure 2-1).  The ANG 
leases the Base property from the Port of Portland. 

The Portland ANGB is the home of the Oregon ANG 142nd Fighter Wing 
(FW).  The 142nd FW is an active unit with a full-time contingent of F-15 
fighter planes, crews, and support units, including active-duty ANG 
personnel.  The Base facility comprises flight aprons and taxiways, paved 
roads, and approximately 72 buildings used for operations support and 
maintenance.  The major support operations at the Portland ANGB that 
use and dispose of hazardous substances include aircraft, vehicle, and 
equipment maintenance; facilities maintenance; and petroleum, oil, and 
lubricants (POL) management.  These activities generate varying 
quantities of waste oils, recovered fuels, and spent cleaners, solvents, and 
acids. 

A map of the Base showing the locations of the sites investigated as part of 
the ERP is shown in Figure 2-2.  The ERP site boundaries shown in Figure 
2-2 were established early in the investigation based on the locations of 
historical facilities and/or activities that were known or suspected to have 
released hazardous substances to the environment.  These site boundaries 
do not represent the extent of contamination delineated during the 
Remedial Investigation (RI). 
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The lead agency for the cleanup activities at the Portland ANGB is the 
ANG; the support agency is the ODEQ.  The ANG is performing the work 
as a voluntary cleanup with ODEQ oversight.  The work is part of the 
ANG’s ERP, and is funded by the National Guard Bureau.  Currently, the 
Port of Portland is paying ODEQ’s oversight costs. 

2.2 Site History and Enforcement Activities 
  

This section discusses site development and waste disposal history, 
previous investigations, and regulatory enforcement actions. 

2.2.1 Site Development History 

Development of the Portland ANGB site began in 1936 with the placement 
of a large quantity of dredge material as fill.  Additional filling of land 
occurred in 1970.  The 142nd FW began operations at the Base in 1941, and 
the facility operated as an Army Air Corps Base until 1945.  In 
approximately 1947, the Base was converted to an ANG facility and in 
1950 it was converted to a United States Air Force Base.  Control of the 
Base reverted to the ANG in 1964, and the Base has maintained this status 
to the present time. 

2.2.2 Waste Disposal History 

This section summarizes the waste disposal histories of the sites where 
response actions will be implemented: ERP Sites 2, 4, 9, and 11.  Historical 
information for the ERP sites where no further action is planned (i.e., Sites 
5, 7, 8, and 10) is provided in the Final RI Report (ERM 2001a). 

2.2.2.1 ERP Site 2 - Civil Engineering Hazardous Material Storage Area 

ERP Site 2 is the former Civil Engineering Hazardous Material Storage 
Area.  The site includes the former locations of a solvent storage shed and 
a paint storage building.  Drums containing solvents, degreasers, and 
paint thinners were stored on wooden pallets and drum cradles in or near 
the solvent storage shed; paint was stored in the paint storage building.  
There are no historical records of waste disposal activities at Site 2. 



  FINAL 
 

 

 2-5

2.2.2.2 ERP Site 4 - Main Drainage Ditch 

ERP Site 4 is the Main Drainage Ditch, a linear constructed channel that 
originates in the central portion of the Portland ANGB, south of the jet 
fuel storage area (Figure 2-2).  The ANG has defined ERP Site 4 as the 
aquatic portion of the channel.  This portion of the channel is roughly  
8 feet wide and 10 feet deep with steep banks, and encompasses 
approximately 76,250 square feet (1.8 acre).  The Main Drainage Ditch 
receives stormwater runoff from most areas of the Base and conveys it to 
two retention ponds at the western end of the ditch.  Water in the 
retention ponds is pumped into a nearby Port of Portland stormwater 
drainage channel that discharges to the Columbia Slough. 

During initial field surveillance activities and sampling in the late 1980s, 
petroleum hydrocarbons were reportedly observed in the Main Drainage 
Ditch downstream of a flight apron area drain outfall.  Accidental spills, 
indirect discharge, and wash water containing residual contaminants from 
adjacent facilities may have impacted the ditch in the past.  There are no 
records of wastes being intentionally disposed of in the ditch. 

2.2.2.3 ERP Site 9 - Petroleum, Oil, and Lubricants Facility 

ERP Site 9 is the former POL Facility.  The site contained twelve  
25,000-gallon jet fuel underground storage tanks (USTs), one waste oil 
UST, two diesel aboveground storage tanks (ASTs), and dispensing 
stations.  Refueler trucks were used to transfer fuel from the POL Facility 
to the flight apron area.  The 13 USTs were removed in March 1994.  The 
diesel ASTs and dispensing stations were removed prior to the RI. 

There are no records of historical waste disposal or storage activities at 
ERP Site 9.  During site construction activities in 1991, ANG personnel 
discovered petroleum contamination in soil at the site.  Fuel inventories 
and tank tightness tests did not indicate leaks in the tanks or associated 
piping. 

2.2.2.4 ERP Site 11 - Washrack West of Building 250 

ERP Site 11 is the former Washrack West of Building 250.  The washrack 
consisted of a 60-foot by 80-foot concrete pad and an oil/water separator, 
and was used for washing aircraft.  Solvents and degreasers were 
sometimes applied to the aircraft before they were washed with a soap 
and water mixture.  The ANG removed the washrack and oil/water 
separator in September 1999 as part of a non-time-critical removal action. 
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The oil/water separator was a three-stage, concrete, gravity-type 
separator.  It discharged to the storm sewer prior to 1984 and to the 
sanitary sewer after 1984.  The separator was removed from service in 
1989 after cracks were discovered in the center stage. 

2.2.3 Previous Investigations 

ERP investigations were initiated at the Portland ANGB in 1987.  The 
purpose of these investigations was to: (1) determine whether 
contamination is present in soil, sediment, groundwater, and/or surface 
water as a result of past hazardous material handling and disposal 
practices; (2) characterize the nature and extent of contamination 
discovered; (3) evaluate the associated risks to human health and the 
environment; and (4) develop and evaluate remedial alternatives for ERP 
sites requiring further action to mitigate risks.  Table 2-1 summarizes the 
major steps in the ERP process at the Portland ANGB. 

The ERP investigations began with a Phase I Records Search (Preliminary 
Assessment [PA]) in 1987.  Since the PA was completed, there have been 
two major site characterization phases: a Site Investigation completed in 
1991, and an RI completed in 2000.  The majority of the site 
characterization and data analysis work was completed during the RI.  
The RI consisted of several distinct field investigations and data 
evaluation studies.  Each successive investigation built upon and 
supplemented the information obtained during previous investigations.  
The Final RI Report (ERM 2001a) represents the culmination of the site-
characterization effort.  Quarterly groundwater monitoring has been 
performed at the Base since January 1997. 

Initial field sampling activities for the RI were completed in 1996.  A draft 
RI report was prepared following this initial sampling effort (Operational 
Technologies Corporation 1996), and data gaps in the site characterization 
were identified.  These data gaps were addressed through additional 
sampling performed in 1997 as part of a Remedial Investigation/Data Gap 
Evaluation, and in 1998 through 2000 as part of a second basewide RI 
phase and an Engineering Evaluation/Cost Analysis (EE/CA) for ERP 
Site 11.  The initial RI work that was completed in 1996 was subsequently 
designated as the Phase I RI; the RI work conducted between 1998 and 
2000 is known as the Phase II RI. 

The Phase II RI field work was completed in two stages.  The first stage 
was conducted between January and April 1998.  Several data gaps were 
identified after the first stage was completed.  These data gaps were 
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TABLE 2-1 
Major Steps in Environmental Restoration Program Process 

142nd FW, Portland ANGB, Portland, Oregon 

Page 1 of 2 

 
Preliminary Assessment 

1987 
Site Investigation 

1989-1991 
Phase I RI 
1995-1996 

RI/DGE 
1997 

Site 11 Soil EE/CA and IRA 
1998-2000 

Phase II RI and  
Site 4 Ecological Risk Assessment 

1998-2002 
Objective: Objective: Objective: Objective: Objective: Objective: 
Identify potentially contaminated sites 
based on a review of existing information. 

Determine whether contamination is present 
in soil, groundwater, sediment, and/or 
surface water at the ERP sites identified 
during the Preliminary Assessment. 

Characterize the nature and extent of 
contamination at ERP Sites 1 through 5 and 7 
through 11.  Evaluate risks to human health 
and the environment. 

Address selected data gaps identified as the 
result of the Phase I RI, including contaminant 
distribution and site hydrogeology.  Determine 
the extent of further investigation needed to 
address remaining data gaps during a second 
RI phase. 

Characterize and remediate contaminated soil 
in the ERP Site 11 source area to reduce 
human health risks and leaching of 
contaminants to groundwater. 

Complete the characterization of contaminated 
sites and the evaluation of risks.  Develop 
recommendations for addressing sites that pose 
unacceptable risks. 

Scope: Scope: Scope: Scope: Scope: Scope: 
Interviewed past and present Base 
employees, reviewed information 
regarding hazardous materials handling 
and disposal practices, and evaluated 
available information on site conditions. 

Investigation at ERP Sites 1, 2, 3, 5, 7, and 8 
included one or more of the following: 
geophysical surveying, soil gas sampling, soil 
sampling (test pits and borings), and 
groundwater monitoring well installation/ 
sampling.  Sediment samples were collected at 
ERP Site 4.  Background soil samples were 
also collected.  ERP Site 9 was not 
investigated. 

Investigation at ERP Sites 1, 2, 3, 5, and 7 
through 11 included one or more of the 
following: geophysical surveying, soil gas 
sampling, surface and subsurface soil sampling, 
direct-push groundwater sampling, and 
groundwater monitoring well installation/ 
sampling.  Sediment and surface water samples 
were collected at ERP Site 4.  Additionally, 
background soil and groundwater samples 
were collected, aquifer slug tests were 
performed, and human health and ecological 
risks were evaluated. 

Investigation at ERP Sites 1, 2, 5, 7, 11, and 
background locations included one or more of 
the following: subsurface soil sampling, direct-
push groundwater sampling, and groundwater 
monitoring well installation/sampling. 

Collected direct-push soil and groundwater 
samples at ERP Site 11 to delineate the extent 
of soil contamination in the area of the former 
washrack and oil/water separator.  Excavated 
contaminated soil above the water table as 
part of a non-time-critical removal action.  
Collected confirmation soil samples from the 
excavation limits and restored the site. 

Investigation at ERP Sites 1, 2, 3, 5, 7, 9, 10, 11, 
and background locations included one or more 
of the following: surface and subsurface soil 
sampling, direct-push groundwater sampling, 
and groundwater monitoring well installation/ 
sampling.  Sediment and surface water samples 
were collected at ERP Site 4.  Additional tasks 
included risk assessment, aquifer testing, a 
natural attenuation evaluation, groundwater 
flow modeling, and a pilot test of in-well 
aeration technology for groundwater treatment. 

Results: Results: Results: Results: Results: Results: 
ERP Sites 1 through 8 were established.  
No Further Action was recommended for 
ERP Site 6. 

Contamination above applicable regulatory 
levels was confirmed at ERP Sites 2, 4, and 5.  
Contaminants also were detected at ERP Sites 
1, 3, and 7.  Geophysical anomalies, possibly 
indicating disturbed soil, were detected at ERP 
Site 8; no samples were collected at Site 8. 

A preliminary site characterization (nature and 
extent of contamination) was developed for 
ERP Sites 1 through 5, 7, 9, 10, and 11.  
Unacceptable risks were identified at several 
ERP sites.  No Further Action was 
recommended for soil and groundwater at ERP 
Site 8 and for groundwater at ERP Site 10. 

Contaminants were detected above project 
screening goals at ERP Sites 1, 2, and 11.  Areas 
requiring additional investigation to define the 
extent of contamination were identified.  A 
conceptual model of the relationship between 
water-bearing zones at the site was established. 

Approximately 260 cubic yards of soil 
containing VOCs and petroleum compounds 
were removed in September 1999 and treated 
off site by thermal desorption.  Confirmation 
samples indicate contamination remains in soil 
at the excavation limits.  SVE piping was 
installed in the excavation backfill material to 
address this residual contamination. 

Unacceptable human health risks were 
identified at ERP Sites 1, 2, 3, 9, and 11.  The 
unacceptable risks are primarily due to VOC 
contamination in groundwater.  An FS was 
recommended to establish remedial action 
objectives and develop remedial alternatives for 
these sites.  Potential ecological risks were 
identified at ERP Site 4. 

Data Gaps: Data Gaps: Data Gaps: Data Gaps: Data Gaps: Data Gaps: 
Further investigation needed at ERP Sites 
1, 2, 3, 4, 5, 7, and 8 to determine whether 
contamination is present. 

Further investigation needed at ERP Sites 1, 2, 
3, 4, 5, 7, and 9 to determine the nature and 
extent of contamination.  Sampling needed at 
ERP Site 8 to determine whether 
contamination is present in the area of the 
geophysical anomalies. 

Further investigation needed to define nature 
and extent of contamination in soil and/or 
groundwater at Sites 1, 2, 3, 5, 7, 9, 10, and 11.  
Additional surface water sampling needed at 
ERP Site 4.  Additional site hydrogeologic 
characterization required. 

Further investigation needed to define nature 
and extent of contamination in soil and/or 
groundwater at Sites 1, 2, 3, 5, 7, 9, 10, and 11.  
Additional surface water sampling needed at 
ERP Site 4 to assess impacts from contaminated 
groundwater at Sites 1, 2, and 3.  Additional site 
hydrogeologic characterization required. 

None identified. No data gaps were identified that preclude 
completion of an FS. 

Comments: Comments: Comments: Comments: Comments: Comments: 
ERP Site 9 was established after a 
petroleum release was reported to the 
ODEQ in 1988. 

Following the SI, ERP Sites 10 and 11 were 
established based on analytical results from 
samples collected by ANG personnel. 

Plans for an RI/DGE were developed following 
the Phase I RI.  The RI/DGE would determine 
the extent of further investigation needed to 
address data gaps during a second RI phase. 

A Restoration Advisory Board (RAB) was 
established and meetings initiated. 

The residual soil contamination at the 
excavation limits is a potential continuing 
source of groundwater contamination. 

ODEQ entered into an agreement with the Port 
of Portland to review and provide comments on 
ERP work at the Base. 

 
Notes: 
ANG = Air National Guard     SVE = Soil vapor extraction 
EE/CA = Engineering Evaluation/Cost Analysis   USEPA = United States Environmental Protection Agency 
FS = Feasibility Study     VOC = Volatile organic compound 
IRA = Interim Remedial Action 
ERP = Environmental Restoration Program 
ODEQ = Oregon Department of Environmental Quality 
RI = Remedial Investigation 
RI/DGE = Remedial Investigation/Data Gap Evaluation 
SI = Site Investigation 
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TABLE 2-1 
Major Steps in Environmental Restoration Program Process 

142nd FW, Portland ANGB, Portland, Oregon 

Page 2 of 2 

 
Feasibility Study 

2000-2001 
Site 2 Groundwater IRA 

2000-2003 
Site 11 Groundwater EE/CA and IRA 

2001-Present 
 

Objective: Objective: Objective: 
Develop and evaluate remedial 
alternatives for contaminated 
groundwater at ERP Sites 2, 9, and 11. 
Select a preferred alternative for each site 
based on USEPA and ODEQ evaluation 
criteria. 

Conduct pilot tests and a full-scale technology 
demonstration of remedial technologies for 
reducing VOC concentrations in groundwater 
at ERP Site 2. 

Develop and evaluate IRA alternatives for 
addressing contaminated groundwater and 
residual soil contamination at ERP Site 11. 
Select a preferred IRA, prepare remedial 
designs, and implement the IRA. 

Scope: Scope: Scope: 
Remedial alternatives for addressing VOC 
contamination in groundwater at ERP 
Sites 2, 9, and 11 were developed, 
screened, and evaluated.  The most 
technically appropriate and cost effective 
alternatives that adequately protect 
human health and welfare and the 
environment were identified. 

Three remedial technologies (ozone sparging, 
enhanced aerobic bioremediation, and 
potassium permanganate injection) were 
tested to evaluate their effectiveness.  Based 
on the pilot test results, potassium 
permanganate injection was selected for a full-
scale technology demonstration. 

Several IRA alternatives for groundwater were 
developed and evaluated.  The most technically 
appropriate and cost effective alternative that 
adequately protects human health and welfare 
and the environment was identified.  The 
EE/CA also evaluated SVE and enhanced 
aerobic bioremediation for treatment of 
residual soil contamination in the source area.  
Remedial design documents were prepared and 
the preferred IRA was implemented. 

Results: Results: Results: 
In situ chemical oxidation using potassium 
permanganate was selected as the 
preferred alternative for ERP Sites 2 and 
11.  In situ chemical oxidation using 
sodium persulfate was selected as the 
preferred alternative for ERP Site 9. 

Pilot tests indicated that of the three 
technologies tested, potassium permanganate 
injection had the largest radius of influence 
and produced the most significant and 
longest-lasting reductions in contaminant 
concentrations.  Effectiveness and 
implementability of this technology was 
confirmed by the full-scale technology 
demonstration. 

The preferred IRA consists of in situ chemical 
oxidation using potassium permanganate.  The 
permanganate is injected through horizontal 
wells installed under the concrete flight apron.  
Residual soil contamination in the source area is 
being treated by SVE and enhanced 
bioremediation (injection of oxygen releasing 
material). 

Data Gaps: Data Gaps: Data Gaps: 
None identified. VOC concentrations in groundwater 

immediately northeast of Site 2 (near Building 
170) require further characterization to assess 
the extent of the area needing treatment. 

None identified. 

Comments: Comments: Comments: 
The FS methods and results are 
summarized in the Proposed Plan. 

Results of the  Site 2 IRA will support the 
design of the Selected Remedy during the 
remedial design process. 

The IRA constitutes the first phase of the Site 11 
remedy.  If unacceptable risks remain after the 
IRA, they will be addressed during the final 
remedy. 

 
Notes: 
ANG = Air National Guard    SVE = Soil vapor extraction 
EE/CA = Engineering Evaluation/Cost Analysis  USEPA = United States Environmental Protection Agency 
FS = Feasibility Study     VOC = Volatile organic compound 
IRA = Interim Remedial Action 
ERP = Environmental Restoration Program 
ODEQ = Oregon Department of Environmental Quality 
RI = Remedial Investigation 
RI/DGE = Remedial Investigation/Data Gap Evaluation 
SI = Site Investigation 
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addressed during the second stage of field work, performed between 
September and November 1999.  

The following sites were investigated during the RI: 

• ERP Site 1 - Central Hazardous Waste Storage Area;  

• ERP Site 2 - Civil Engineering Hazardous Material Storage Area; 

• ERP Site 3 - Hush House Area; 

• ERP Site 4 - Main Drainage Ditch; 

• ERP Site 5 - Aerospace Ground Equipment Maintenance Shop; 

• ERP Site 7 - Burn Pit Area; 

• ERP Site 8 – Sanitary Landfill; 

• ERP Site 9 – Petroleum, Oil, and Lubricants Facility; 

• ERP Site 10 - Equipment Washrack; and 

• ERP Site 11 (former ERP Site 6) - Washrack West of Building 250. 

The locations of the ERP sites are shown in Figure 2-2.  ERP Site 11 was 
originally identified as Site 6 in the PA report (Hazardous Materials 
Training Center 1987).  ERP Site 6 was subsequently designated as ERP 
Site 11 during the Phase I RI (Operational Technologies Corporation 1996).  
All of the ERP sites are within the Portland ANGB boundary except ERP 
Site 7 (Burn Pit Area), which straddles the eastern Base boundary. 

The RI provided recommendations for each ERP site based on the 
contaminant concentrations detected in various media and the associated 
risks.  Table 2-2 presents a summary of the investigation findings at each 
of the ERP sites and the recommendations for each site.  The 
recommendations shown in Table 2-2 for ERP Sites 2, 9, and 11 formed the 
basis for the development and evaluation or remedial alternatives in the 
Feasibility Study (FS), which was completed in 2001 (ERM 2001b).  At the 
time the FS was prepared, the potential ecological risks associated with 
ERP Site 4 were still being assessed.  The Site 4 ecological risk assessment 
was completed in 2002; the results are reported in the Final Site Ecology 
Screening Report for Environmental Restoration Program Site 4 (ERM 2002a). 
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TABLE 2-2
Summary of Investigation Findings and Recommendations

142nd FW, Portland ANGB, Portland, Oregon

ERP 
Site Site Name Waste Disposal History Nature and Extent of Contamination Risk Assessment Results Recommendation

1

Central Hazardous Waste Storage 
Area

Waste storage area for misc. wastes incl. waste oil, solvents, 
fuels, shop wastes, electrical transformers, and capacitors.

Low levels of TCE, PCE, and cis-1,2-DCE in Shallow Zone 
groundwater.  Likely primary source is ERP Site 2.

Unacceptable total carcinogenic risk and noncarcinogenic 
hazard for hypothetical on-site residential exposure to 
groundwater (primarily vinyl chloride).

Soil: No further action.  Groundwater: Remedial measures 
to prevent off-site migration and on-site exposure to 
groundwater with unacceptable concentrations.

2

Civil Engineering Hazardous 
Material Storage Area

Solvents, paint thinners, and MEK were stored in or near 
solvent storage shed; paint was stored in Building 1123.  

VOCs not detected in soil samples.  Chlorinated VOCs 
detected in Shallow Zone and Deep Zone groundwater.  
Dissolved VOC plume extends approx. 750 feet to 
northwest and is approximately 400 feet wide.

Unacceptable total carcinogenic risk and noncarcinogenic 
hazard for hypothetical on-site residential exposure to 
groundwater (primarily vinyl chloride).

Soil: No further action.  Groundwater: Remedial measures 
to prevent off-site migration and on-site exposure to 
groundwater with unacceptable concentrations.

3

Hush House Area Waste oil, fuel, and solvents were stored at the Hush House 
on unpaved surface.

Area B: Benzene, SVOCs, TPH, and metals detected in 
shallow soil above PSGs near former oil/water separator.  
Naphthalene, benzene, and vinyl chloride detected in 
groundwater above PSGs.  Area C: TPH detected in shallow 
soils.

Unacceptable total carcinogenic risk for hypothetical on-site 
residential exposure to soil (primarily benzo[a]pyrene and 
dibenz[a,h]anthracene) and groundwater (primarily benzene 
and vinyl chloride).

Soil: No further action; residential soil scenario not 
applicable due to industrial zoning/land use of property.  
Groundwater: Remedial measures to prevent off-site 
migration and on-site exposure to groundwater with 
unacceptable concentrations.

4

Main Drainage Ditch Petroleum and oil were reported in the Main Drainage 
Ditch downstream from the flight apron outfall in 1987.  
Ditch receives surface water runoff from adjacent facilities.  
No records of wastes being intentionally disposed of in the 
ditch.

SVOCs, TPH, and metals detected in sediment in Main 
Drainage Ditch above PSGs.  Bromodichloromethane, 
antimony, cadmium, copper, lead, zinc, and cis-1,2-DCE 
detected in surface water above PSGs.

No unacceptable human health risks.  Contaminants present 
in sediment (primarily PAHs, PCBs, and metals) exceed 
Oregon screening values for ecological risk.

Surface water: No further action.  Sediment: Remedial 
measures to mitigate potential ecological risks.

5

Aerospace Ground Equipment 
(AGE) Maintenance Shop

Spent battery acid, solvents, lubricants, antifreeze, cleaning 
solutions, and automobile fluids were generated at 
Maintenance Shop.  Wastes may have been disposed of 
along the northern and southern fence lines.  Former LUST 
contained heating oil.

Area A: Chloroform, 1,2-dichlorobenzene, TCE, toluene, 
and xylene detected in groundwater at low concentrations.  
Area B: 1,2-DCA, TCE, and metals detected above PSGs in 
surface and subsurface soil.

No unacceptable risks.  One soil sample exceeded the 
USEPA screening level for lead for an unrestricted use 
(residential) scenario.

No further action; residential soil scenario not applicable 
due to industrial zoning/land use of property.

7

Burn Pit Area Flammable liquids incl. waste oil, JP-4 jet fuel, and solvents 
were reportedly burned in the pit as part of fire training 
exercises.

BTEX, SVOCs, and TPH detected in soil in the burn pit area 
above PSGs.  Benzene, PCE, and TPH detected in 
groundwater.

Unacceptable carcinogenic risk for hypothetical on-site 
residential exposure to soil (benzo[a]pyrene).

No further action; residential soil scenario not applicable 
due to industrial zoning/land use of property.

8

Sanitary Landfill Wastes incl. ordinary shop and building refuse, paint cans, 
oil and paint residue, batteries, and broken equipment and 
parts were reportedly disposed of in trenches and buried.

Soil not sampled; evidence of landfilling not confirmed.  No 
confirmed detections of PCBs, VOCs, SVOCs, or metals in 
groundwater above PSGs.

No unacceptable risks. No further action.

9

Petroleum, Oil, and Lubricants 
(POL) Facility

Site consisted of 12 JP-4 jet fuel USTs, 2 diesel ASTs, 1 waste 
oil UST, and filling stations.

Petroleum hydrocarbons and trace levels of PAHs detected 
in Shallow Zone groundwater.

Unacceptable total carcinogenic risk for hypothetical on-site 
residential exposure to soil (benzo[a]pyrene) and 
groundwater (primarily benzene and PAHs).  Unacceptable 
noncarcinogenic hazard for hypothetical on-site residential 
exposure to groundwater (primarily benzene).

Soil: No further action; residential soil scenario not 
applicable due to industrial zoning/land use of property.  
Groundwater: Remedial measures to prevent off-site 
migration and on-site exposure to groundwater with 
unacceptable concentrations.

10
Equipment Washrack Liquids from equipment washing operations discharged via 

drain pipe to a roadside ditch.
Antimony, cadmium, lead, and selenium detected above 
PSGs in soil.

No unacceptable risks.  One soil sample exceeded USEPA 
screening level for lead for an unrestricted use (residential) 
scenario.

No further action; residential soil scenario not applicable 
due to industrial zoning/land use of property.

11

Washrack West of Building 250 Liquids from aircraft washing operations flowed from 
washrack area to the catch basin of the oil/water separator.  
Prior to removal, cracks were noticed in the oil/water 
separator.

Chlorinated VOCs, BTEX, TPH, and metals detected in soil 
in area of former oil/water separator.  Chlorinated VOCs 
and benzene detected in Shallow Zone and Deep Zone 
groundwater.

Unacceptable total carcinogenic risk and noncarcinogenic 
hazard for hypothetical on-site residential exposure to 
groundwater (primarily benzene, 1,2-DCA, and vinyl 
chloride).

Soil: In-situ treatment to prevent leaching of residual 
contaminants to groundwater.  Groundwater: Remedial 
measures to prevent off-site migration and on-site exposure 
to groundwater with unacceptable concentrations.

NOTES:

bgs - Below ground surface MEK - Methyl ethyl ketone TPH - Total petroleum hydrocarbons VOC - Volatile organic compound PCE - Tetrachloroethene

ft - Feet PSG - Remedial Investigation project screening goal USEPA - United States Environmental Protection Agency TCE - Trichloroethene PAH - Polynuclear aromatic hydrocarbon

LUST - Leaking underground storage tank UST - Underground storage tank 1,2-DCA - 1,2-Dichloroethane PCB - Polychlorinated biphenyl BTEX - Benzene, toluene, ethylbenzene, and xylenes

RI - Remedial Investigation SVOC - Semivolatile organic compound AST - Aboveground storage tank cis-1,2-DCE - cis-1,2-Dichloroethene

Several remediation technologies/treatment options were evaluated in the Feasibility Study report (ERM 2001b) for the ERP sites shown in blue.  Groundwater contamination at ERP Sites 1 and 3 will be addressed as part of the Site 2 remedy.
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The FS evaluated remedial action alternatives for each of the ERP sites 
requiring further action except Site 4.  The Final FS Report (ERM 2001b) 
describes the development and evaluation of remedial alternatives, and 
presents the preferred alternatives for ERP Sites 2, 9, and 11.  The 
Proposed Plan (ERM 2003a) summarizes the approach and findings of the 
FS.  It also presents remedial alternatives and recommendations for ERP 
Site 4 based on the ecological risk assessment performed at this site. 

2.2.4 Enforcement Actions 

No regulatory enforcement actions have been reported at the Portland 
ANGB.  The ANG’s environmental work at the site is being conducted as 
a voluntary cleanup, with regulatory oversight by the ODEQ. 

2.3 Community Participation 
  

The ANG completed a Community Relations Plan for the Portland ANGB 
in February 1994.  The Final RI Report was made available to the public in 
January 2001.  The Final FS Report and Final Proposed Plan were made 
available to the public in July 2001 and April 2003, respectively.  These 
and other ERP documents relevant to the environmental studies 
performed at the Base can be found in the Administrative Record 
maintained at the Base, and in the Public Information File maintained at 
the Multnomah County Central Library, 801 S.W. 10th Avenue, Portland.  
Both the Administrative Record and the Public Information file are 
available for public review during normal business hours.  In addition, the 
ANG provides copies of ERP documents to the ODEQ for review and 
comment.  The ODEQ may be contacted regarding public review of their 
files. 

The Portland ANGB has a Restoration Advisory Board (RAB) composed 
of ANG, ODEQ, and Port of Portland representatives, as well as 
representatives from the local community.  The RAB meets periodically 
(typically one or two times per year) to discuss issues pertaining to ERP 
activities at the Base.  During the remedy selection process, the RAB met 
several times.  The RAB meetings provided a forum for discussing the 
ANG’s progress in the remedy selection process, as well as stakeholder 
concerns.  The meetings also provided an opportunity for the public to ask 
questions about the remedy selection process. 
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A notice announcing the availability of the Final Proposed Plan was 
published in the Portland Oregonian newspaper on 27 April 2003.  A 
public comment period was held from 28 April to 27 May 2003.  No 
comments were submitted during the public comment period.  In a letter 
to the ANG dated 27 May 2003, the ODEQ indicated that it agrees that the 
Final Proposed Plan meets the requirements of Oregon’s cleanup laws 
based upon achieving the stated RAO at each site. 

2.4 Scope and Role of Response Actions 
  

The remedial actions presented in this ROD are intended to prevent 
exposure to contaminated groundwater and sediment at concentrations 
that would present an unacceptable risk.  This will be accomplished 
through active treatment and monitoring of contaminated groundwater, 
and through capping of contaminated sediments.  These actions are 
expected to meet RAOs by reducing the TMV of the COCs at each ERP 
site, and are thus protective of human health and the environment. 

Interim remedial actions (IRAs) have been implemented at ERP Sites 2 
and 11, and additional interim actions are planned.  These actions are 
summarized below. 

• A soil removal action was performed at ERP Site 11 in September 1999.  
Approximately 260 cubic yards of soil containing petroleum 
hydrocarbons and chlorinated VOCs was removed in the immediate 
vicinity of the former oil/water separator and hauled off-site to a 
thermal desorption facility.  The scope and results of the 1999 soil 
removal action are detailed in the Final Completion Report for Site 11 
Interim Remedial Action Construction for Soils Media (ERM 2000). 

• An EE/CA that evaluated IRA alternatives for treating chlorinated 
VOCs in groundwater at ERP Site 11 was completed in June 2001 
(ERM 2001c).  The EE/CA also addressed residual soil contamination 
in the area of the former oil/water separator.  The IRA recommended 
in the EE/CA consists of potassium permanganate oxidation to 
address contaminated groundwater, and soil vapor extraction/en-
hanced bioremediation to address contaminated soil.  The final design 
document for the Site 11 IRA was completed in December 2002 (ERM 
2002b).  Remediation at the site was started in 2003. 

• Treatability tests and a full-scale technology demonstration of in situ 
chemical oxidation were conducted at ERP Site 2 between 2000 and 
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2002.  The purpose of this IRA was to evaluate the effectiveness of in 
situ remediation technologies for treating chlorinated VOCs in 
groundwater at the Base, and to begin cleanup of groundwater at 
ERP Site 2.  The first phase of the project consisted of a 3-month 
treatability test performed in Fall 2000.  Three in situ remediation 
technologies were evaluated: enhanced aerobic bioremediation, 
ozonation, and potassium permanganate oxidation.  The treatability 
test results are presented in the Interim Remedial Action Construction 
Phase I Interim Report (ERM 2001d).  The second phase of the project 
consisted of a full-scale technology demonstration of potassium 
permanganate oxidation.  Field work for the demonstration began in 
April 2002 and was completed in November 2002.  The methods and 
results of the full-scale technology demonstration are presented in the 
Final Interim Remedial Action Construction Technology Demonstration 
Report (ERM 2003b). 

The remedy for the sites requiring further action will consist of a 
combination of focused IRAs to address immediate threats, and final 
actions to address residual and potential future threats.  If no 
unacceptable risks remain at a site after an interim action is completed, the 
interim action can constitute the final remedy for the site. 

2.5 Site Characteristics 
  

This section summarizes the relevant characteristics of the Portland 
ANGB and the ERP sites where cleanup actions will be performed.  
Details regarding site characteristics are discussed in the various technical 
reports referenced below. 

2.5.1 Overview 

The Portland ANGB occupies approximately 245 acres of land 
immediately south of the PIA (Figure 2-1), on the Columbia River 
Floodplain.  A site plan showing the locations of the ERP sites is presented 
in Figure 2-2.  The Base is relatively flat and level, with a surface elevation 
between 10 and 20 feet above mean sea level.  Buildings, asphalt/concrete 
pavement, and landscaped grass cover the majority of the site; raised 
planters containing shrubs and trees exist around buildings and parking 
lots.  A ~2,800-foot long stormwater drainage ditch (ERP Site 4 – Main 
Drainage Ditch) exists near the central portion of the Base; this drainage 
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ditch has been designated as a jurisdictional wetland by the U.S. Army 
Corps of Engineers. 

A chain link fence exists along the western, southern, and eastern 
boundaries of the Base; the Base is open to the PIA airfield on the north 
side.  Access to the Base is controlled through several entrance gates along 
Cornfoot Road.  The Base is bordered on the north and west by facilities of 
the PIA.  The areas south and east of the Base are zoned for residential, 
industrial, and commercial use.  The Columbia River, a major drainage 
channel and inland transportation/recreation corridor for Oregon, Idaho, 
and Washington, is approximately 1 mile north of the Base. 

The Portland ANGB and the surrounding population obtain drinking 
water from the City of Portland.  The city’s main water supply comes from 
surface water in the Bull Run Watershed.  This supply is supplemented as 
necessary by the Portland municipal well field (the Columbia South Shore 
Well Field), which is centered approximately 4 miles southeast of the Base 
(Figure 2-1).  The Portland well field operates on an as-needed basis, 
primarily during the summer.  The western boundary of the well field 
comes within 0.6 miles of the Portland ANGB at its closest point.  The 
municipal water supply wells are isolated from the shallow groundwater 
at the Base by a 50- to 200-foot thick siltstone/claystone confining layer.  
There are no known private drinking water wells within 1 mile of the 
Base. 

2.5.2 Surface and Subsurface Features 

The Portland ANGB is largely developed, comprising a variety of office 
buildings, warehouses, maintenance and repair shops, fuel storage and 
distribution facilities, and aircraft hangers.  There are approximately 72 
buildings on the Base property interspersed among paved roads and 
parking areas, the flight apron, and taxiways.  The utilities servicing the 
Base are typical of those found at industrial/commercial sites (i.e., water, 
power, gas, communications, sanitary sewer).  The Base has its own 
stormwater drainage system (see below).  Undeveloped portions of the 
Base (i.e., areas containing vegetation) are characterized by frequently 
mowed grassland occurring between buildings and roads and adjacent to 
taxiways, and small patches of wetland occurring along man-made 
drainage channels and in low-lying areas. 

Surface water features at the Portland ANGB are limited to man-made 
channels that comprise the Base stormwater drainage system.  Surface 
runoff from the majority of the Base flows into a series of storm drains 
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that discharge to the Main Drainage Ditch (ERP Site 4).  The Main 
Drainage Ditch conveys the water to a series of two oil/water separators 
and retention ponds in the western portion of the Base (Figure 2-2).  Water 
in the retention ponds is pumped into a nearby Port of Portland 
stormwater retention pond/drainage channel that discharges into the 
Columbia Slough.  Surface runoff in the vicinity of ERP Site 7 flows into 
the ditch immediately east of the site (Figure 2-2), which discharges 
directly to the Columbia Slough. 

The Portland ANGB historically utilized washracks, oil/water separators, 
USTs, and ASTs in several areas of the Base.  Much of this equipment was 
removed in the 1980s and 1990s as part of ongoing compliance activities 
and facility improvements.  Some of the equipment remains in operation 
or has been replaced or relocated as necessary to support the mission of 
the 142nd FW.  The Base also had a burn pit at ERP Site 7 that was used 
for fire training exercises.  The burn pit has been filled in, and ERP Site 7 is 
now an equipment storage/staging area. 

2.5.3 Site Geology and Hydrogeology 

The Portland ANGB is in the central portion of the Portland Basin, a 
northwest-southeast trending structural depression that was formed in the 
early Tertiary, and subsequently filled with approximately 1,800 feet of 
late Tertiary and Quaternary deposits of sedimentary and volcanic origin. 

The near-surface geology at the Base consists of Columbia River Sand 
deposits and Pleistocene to Recent Alluvium.  The Columbia River Sand 
consists predominantly of sand with a small amount of silt and gravel.  
The Pleistocene and Recent Alluvium sediments include terrace deposits, 
catastrophic flood deposits, and recent river alluvium composed of fluvial 
and local lacustrine sediments.  The recent alluvium deposits of the 
Columbia River are made up of interbedded silt and sand (Hartford and 
McFarland 1989). 

The Columbia River has been isolated from the floodplain area by a series 
of artificial dikes that were completed prior to the 1940s.  The floodplain 
surface is relatively flat; at the Portland ANGB the natural land surface 
has been modified by using imported and local fill material to elevate 
portions of the Base. 

A generalized hydrogeologic cross section for the Portland ANGB is 
shown in Figure 2-3.  The unconsolidated sediments extending from the 
ground surface to approximately 48 to 60 feet below ground surface (bgs) 
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consist of interbedded silt and sand layers referred to collectively as the 
Floodplain Deposits.  Significant water-bearing zones within the 
Floodplain Deposits include the Shallow Zone and the Deep Zone.  The 
Shallow Zone is a layer of fine sand and silty sand present at depths 
between approximately 5 and 30 feet bgs.  The average thickness of the 
Shallow Zone is approximately 10 feet.  The Deep Zone consists of fine 
sand present between approximately 30 and 55 feet bgs, and has an 
average thickness of approximately 15 feet. 

The Floodplain Deposits are underlain by the Columbia River Sand 
Aquifer (CRSA), a silty to gravely sand aquifer.  Soil samples recovered 
from borings drilled into the CRSA at the Base consist predominantly of 
fine to medium sand with abundant mica.  The CRSA is interpreted as a 
channel fill deposit cut into the Troutdale Gravel Aquifer, which is present 
beneath the Portland well field and to the north and south of the Base in 
the same stratigraphic position as the CRSA.  The CRSA is estimated to be 
between 150 and 225 feet thick at the Portland ANGB based on borings 
drilled at the PIA and the Portland well field. 

The depth to groundwater in wells completed in the Floodplain Deposits 
and the CRSA generally ranges from 2 to 10 feet bgs, depending on the 
location, season, and long-term precipitation trends.  The predominant 
groundwater flow direction in the Shallow Zone is toward the west and 
northwest, although the local flow direction can vary considerably.  The 
groundwater flow directions in the Deep Zone and CRSA typically vary 
depending on water levels in the Columbia River.  Potentiometric maps 
for the Shallow Zone, Deep Zone, and CRSA produced from April 2003 
water level data are presented in Figures 2-4 through 2-7. 

Water levels and hydraulic gradients in the Deep Zone and CRSA 
correlate with the Columbia River stage, suggesting that these two units 
are hydraulically connected to the river.  Water level data from the 
Shallow Zone indicate that hydraulic gradients and water levels in this 
unit are influenced mainly by precipitation/direct infiltration.  Water 
levels and hydraulic gradients in the Shallow Zone also are influenced by 
groundwater recharge/discharge through drainage ditches and the 
Columbia Slough.  Variable static pressures in the Shallow Zone, Deep 
Zone, and CRSA produce measurable vertical hydraulic gradients 
between these units.  The magnitude and direction of the vertical 
gradients vary both spatially and temporally as a function of recent 
precipitation trends and the Columbia River stage. 
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2.5.4 Nature, Extent, and Suspected Sources of Contamination 

This section describes the nature, extent, and suspected sources of 
contamination at ERP Sites 2, 4, 9, and 11.  Site characterization 
information for the ERP sites where no further action is planned (i.e., Sites 
5, 7, 8, and 10) is contained in the Final RI Report (ERM 2001a). 

2.5.4.1 ERP Site 2 - Civil Engineering Hazardous Material Storage Area 

Chlorinated VOCs (primarily TCE, cis-1,2-dichloroethene, and vinyl 
chloride) are present in groundwater in the Shallow and Deep Zones at 
ERP Site 2.  In addition, isolated detections of chloromethane and/or vinyl 
chloride were reported in two CRSA monitoring wells in the vicinity of 
ERP Site 2 in November 2002 and April 2003, at concentrations below the 
laboratory practical quantitation limit of 1.0 microgram per liter (µg/L) 
(note: 1 µg/L is equivalent to 1 part per billion).  The highest 
concentrations of VOCs occur in the vicinity of the former solvent storage 
shed, suggesting that the source of the contamination is historical leaks 
and spills in this area.  VOCs were not detected in soil samples collected in 
the area of the former solvent shed during the Phase II RI, possibly 
because near-surface soils at Site 2 were removed during road 
construction activities conducted prior to the RI. 

Figures 2-8 and 2-9 show the approximate lateral and vertical extent of 
chlorinated VOCs in groundwater.  Dissolved VOCs have migrated 
primarily toward the northwest (in the direction of ERP Sites 1 and 3) 
from the presumed source area at ERP Site 2.  This migration pattern is 
consistent with the predominant northwesterly groundwater flow 
direction in the Shallow Zone.  As shown in Figure 2-8, dissolved VOCs 
also have spread to the east and northeast of Site 2, consistent with an 
easterly groundwater gradient observed locally in this area during the wet 
season (see Figure 2-5).  The absence or relatively low concentrations of 
VOCs in direct-push groundwater samples collected immediately south 
and southeast of ERP Site 2 provides additional evidence that the VOC 
source area is at Site 2. 

ODEQ guidance defines hot spots of contamination as areas of affected 
soil or groundwater causing a significant adverse effect on the beneficial 
use of the resource (ODEQ 1998a).  Based on this definition, portions of 
the Site 2 VOC plume in the Shallow and Deep Zones qualify as 
groundwater hot spots.  The hot spots correspond to the areas where 
dissolved VOC concentrations exceed pre-calculated “significant adverse 
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effect” levels for an assumed drinking-water use of groundwater (ODEQ 
1998a, 1998b).  Figure 2-10 shows the approximate extent of the 
groundwater hot spots at ERP Sites 1, 2, and 3, based on maximum 
contaminant concentrations detected in groundwater from January 2001 
through April 2003.  The hot spots are defined primarily by the presence 
of vinyl chloride above 2 µg/L (the Federal primary drinking water 
standard for vinyl chloride).  As groundwater at the Base is not currently 
used for drinking water, this hot spot designation is based on the potential 
future use as drinking water and the potential for contaminants to migrate 
to an off-site drinking water resource. 

2.5.4.2 ERP Site 4 - Main Drainage Ditch 

Contaminants have been detected in both sediment and surface water at 
ERP Site 4.  Contaminants detected in sediment include VOCs, 
semivolatile organic compounds (SVOCs), PCBs, total petroleum 
hydrocarbons (TPH), and metals.  Contaminants detected in surface water 
include VOCs, SVOCs, TPH, and metals.  Suspected sources of the Site 4 
contamination include leaks and spills, indirect discharge, and runoff of 
contaminated wash water from adjacent facilities. 

Response actions are necessary at ERP Site 4 to address unacceptable 
ecological risks posed by the contaminants (see Section 2.7).  
Contaminants of potential ecological concern in sediment include VOCs, 
SVOCs, PCBs, and metals.  Lead is the only contaminant of potential 
ecological concern in surface water.  Figures 2-11 and 2-12 (from Final Site 
Ecology Screening Report for Environmental Restoration Program Site 4; ERM 
2002a) show the distribution of individual constituents that exceed 
Oregon ecological screening criteria. 

2.5.4.3 ERP Site 9 - Petroleum, Oil, and Lubricants Facility 

Contaminants detected in soil at ERP Site 9 include TPH as gasoline and 
TPH as diesel.  Contaminants detected in Shallow Zone groundwater 
include TPH as gasoline, diesel, and heavy-oil; benzene, toluene, 
ethylbenzene, and xylenes (BTEX); and petroleum-related PAHs.  Low 
concentrations of chlorinated VOCs also have been reported in several 
groundwater samples.  The petroleum contamination (primarily benzene) 
in groundwater poses an unacceptable risk to human health (see Section 
2.7).  The approximate extent of dissolved TPH and BTEX in groundwater 
is depicted in Figure 2-13. 
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Groundwater contamination at ERP Site 9 is limited to the Shallow Zone.  
No direct or indirect evidence of free-phase hydrocarbons has been 
observed in soil borings or groundwater monitoring wells installed at ERP 
Site 9.  The concentrations of TPH and BTEX detected in soil and 
groundwater are significantly less than the concentrations typically 
observed at sites where free-phase hydrocarbons are present. 

The presumed source of the Site 9 contamination is historical leaks and 
spills that occurred during operation of the former USTs, ASTs, and 
associated piping and fuel dispensing systems at the site.  The dissolved 
PAHs detected in groundwater are assumed to be components of the 
petroleum products that were stored/dispensed at the site.  The source of 
the chlorinated VOCs detected sporadically at low concentrations in 
groundwater is unknown.  These compounds were not detected in soil, 
and there are no known sources of chlorinated compounds at ERP Site 9. 

Based on ODEQ guidance for the identification of hot spots (ODEQ 
1998a), a portion of the ERP Site 9 TPH plume qualifies as a groundwater 
hot spot.  The hot spot corresponds to the area where dissolved VOC 
concentrations exceed pre-calculated significant adverse effect levels for 
an assumed drinking-water use of groundwater (ODEQ 1998b).  Figure  
2-14 shows the approximate extent of the groundwater hot spot at ERP 
Site 9, based on maximum historical contaminant concentrations detected 
in groundwater.  The hot spot is defined primarily by the presence of 
benzene above 5 µg/L (the Federal primary drinking water standard for 
benzene).  As groundwater at the Base is not currently used for drinking 
water, this hot spot designation is based on the potential future use as 
drinking water and the potential for contaminants to migrate to an off-site 
drinking water resource. 

2.5.4.4 ERP Site 11 - Washrack West of Building 250 

Contaminants detected in soil and groundwater at ERP Site 11 include 
chlorinated VOCs, BTEX, and TPH.  The lateral extent of VOCs and TPH 
in soil prior to the 1999 soil removal action was generally limited to within 
25 feet of the former oil/water separator.  Figure 2-15 shows the extent of 
organic contaminants remaining in soil after the 1999 removal action.  The 
residual VOCs and TPH in soil near the water table pose a continuing 
threat to groundwater quality. 

VOCs and petroleum hydrocarbons are present in groundwater in the 
Shallow and Deep Zones at ERP Site 11.  There have been no confirmed 
detections of contaminants in the CRSA.  The approximate lateral and  







  FINAL 
 

 

 2-33

vertical extent of chlorinated VOCs in groundwater is shown in Figures  
2-16 and 2-17.  Dissolved VOCs have migrated primarily toward the 
northwest, west, and southwest from the former oil/water separator 
source area.  The concentrations of chlorinated VOCs have fluctuated 
since groundwater monitoring began in 1997.  These fluctuations likely 
reflect seasonal changes in groundwater levels and flow directions. 

During the Phase II RI, two direct-push groundwater samples were 
collected from the bottom of the Shallow Zone in the immediate vicinity of 
the former oil/water separator to assess the potential presence of dense 
non-aqueous phase liquid (DNAPL).  Although dissolved VOCs were 
detected in these groundwater samples, the concentrations were not 
indicative of DNAPL; the maximum VOC concentration detected was  
63 µg/L (vinyl chloride).  Concentrations of the order of 10,000 µg/L 
indicate the possible presence of DNAPL (Pankow and Cherry 1996). 

Based on ODEQ guidance for the identification of hot spots (ODEQ 
1998a), portions of the Site 11 VOC plume in the Shallow and Deep Zones 
qualify as groundwater hot spots.  The hot spots correspond to the areas 
where dissolved VOC concentrations exceed pre-calculated significant 
adverse effect levels for an assumed drinking-water use of groundwater 
(ODEQ 1998b).  Figure 2-18 shows the approximate extent of the 
groundwater hot spots at ERP Site 11, based on maximum contaminant 
concentrations detected in groundwater from January 2001 through April 
2003.  The hot spots are defined primarily by the presence of vinyl 
chloride above 2 µg/L (the Federal primary drinking water standard for 
vinyl chloride).  As groundwater at the Base is not currently used for 
drinking water, this hot spot designation is based on the potential future 
use as drinking water and the potential for contaminants to migrate to an 
off-site drinking water resource. 

2.5.5 Conceptual Site Model 

The conceptual site model (CSM) for contaminated soil, sediment, and 
groundwater at the Portland ANGB is summarized in bullet form below.  
The evaluation of site risks and remedial alternatives during the RI/FS 
was based on this model.  The response actions will address the 
contaminant pathways and potential exposure routes identified in the 
CSM. 
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• Primary Sources: 

¾ ERP Site 2 – drums and other containers of chlorinated solvents 
stored in former solvent storage shed 

¾ ERP Site 4 – fuel hydrocarbons, heavy oils, and solvents in surface 
runoff from various facilities basewide 

¾ ERP Site 9 – jet fuel stored in USTs 

¾ ERP Site 11 – fuel hydrocarbons and solvents in rinsate/runoff 
from aircraft washing operations at washrack 

• Primary Release Mechanisms: 

¾ ERP Sites 2 and 9 – leaks and incidental spills 

¾ ERP Site 4 – conveyance of contaminated runoff from various 
facilities to ditch via Base stormwater drainage system 

¾ ERP Site 11 – leaks through cracks in former oil/water separator 

• Secondary Sources: 

¾ ERP Sites 2 and 9 – contaminated soil (historical source; no longer 
applicable due to leaching, degradation, and/or soil removal 
during site improvements) 

¾ ERP Site 4 – groundwater contaminant plume at ERP Sites 1, 2,  
and 3 

¾ ERP Site 11 – residual contamination in soil around former 
oil/water separator 

• Secondary Release Mechanisms:   

¾ ERP Sites 2 and 9 – infiltration/soil leaching (no longer applicable; 
see previous bullet) 

¾ ERP Site 4 – discharge of groundwater to ditch 

¾ ERP Site 11 – infiltration/soil leaching 

• Pathway: 

¾ ERP Sites 2, 9, and 11 – groundwater, indoor air in areas where 
contaminant plume extends under buildings 

¾ ERP Site 4 – sediment, surface water 
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• Potential Receptors: 

¾ ERP Sites 2, 9, and 11 – Base workers, reservists, construction 
workers, hypothetical on-site residents (ingestion, inhalation, 
and/or dermal exposure routes) 

¾ ERP Site 4 – construction workers, benthic invertebrates, fish, birds, 
small mammals 

It should be emphasized that groundwater at the Portland ANGB is not 
currently used for any purpose, and there are no plans to use it in the 
future.  The Base and surrounding area are served by the City of Portland 
public water supply, which comes primarily from surface water in the 
Bull Run Watershed.  The public water supply is supplemented as 
necessary by the Portland well field.  The inclusion of hypothetical on-site 
residents as potential receptors in the CSM for ERP Sites 2, 9, and 11 is 
based on the possible future use of Base groundwater as drinking water.  
Additionally, the on-site residential scenario was included as a 
conservative means of assessing “worst-case” risks associated with the 
potential off-site migration of contaminated groundwater. 

2.6 Current and Potential Future Land and Resource Uses 
  

The Portland ANGB site is currently used for ongoing operations of the 
142nd FW.  These operations include Base administrative functions and 
aircraft and support equipment operation, maintenance, and repair 
activities consistent with the mission of the 142nd FW.  Surrounding land 
use in the vicinity of the site is a mixture of industrial, commercial, 
residential, and recreational.  The Colwood Golf Course is immediately 
east of the Base.  The PIA borders the Base on the north, and immediately 
north of the PIA is the Columbia River.  The Base is bordered on the south 
by the Columbia Slough, which discharges to the Columbia River.  In 
addition to providing abundant wildlife habitat, the Columbia River is a 
major recreational resource and shipping corridor.  At this time, no 
significant future changes in land use are anticipated. 

Groundwater at the Base is not currently used for any purpose, and there 
are no plans to use the groundwater.  However, to be conservative, the 
assessment of site risks was based on the assumption that groundwater 
could potentially be used as a drinking water source in the future. 
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2.7 Summary of Site Risks 
  

The potential human health and ecological risks posed by contaminants in 
soil, sediment, groundwater, and surface water at the Base were evaluated 
in a baseline risk assessment performed during the RI.  A baseline risk 
assessment estimates the risks posed by a site if no action is taken.  It 
provides the basis for taking action and identifies the contaminants and 
exposure pathways that need to be addressed by the response action.  The 
Portland ANGB baseline risk assessment was performed in accordance 
with United States Environmental Protection Agency (USEPA) and ODEQ 
guidance.  The potential ecological risks associated with ERP Site 4 were 
further evaluated in a Level I (scoping) and Level II (screening) ecological 
risk assessment, conducted per ODEQ guidance.  The following sections 
summarize the methods and results of the risk assessments.  Details of the 
risk assessments are provided in the Final RI Report (ERM 2001a) and the 
Final Site Ecology Screening Report for Environmental Restoration Program Site 
4 (ERM 2002a).  The risk assessment results are summarized in Table 2-2. 

2.7.1 Human Health Risk Assessment 

In accordance with ODEQ’s Guidance for Conduct of Deterministic Human 
Health Risk Assessments (ODEQ 2000) and USEPA’s Risk Assessment 
Guidance for Superfund: Volume I - Human Health Evaluation Manual/Part A 
(USEPA 1989), the human health risk assessment followed the traditional 
risk assessment process defined in Risk Assessment in the Federal 
Government: Managing the Process (National Research Council 1983).  This 
process consisted of the following four steps: 

• Data evaluation/identification of contaminants of potential concern.  
In this initial step, the site characterization data were reviewed and 
contaminants of potential concern were selected for evaluation in the 
risk assessment. 

• Exposure assessment.  In the exposure assessment, populations that 
may be exposed to site contaminants were identified, and potential 
exposure pathways were defined.  A complete exposure pathway 
requires a contaminant source, an exposure point (such as on-site 
soils), and an exposure route (such as inhalation, dermal contact, or 
ingestion). 
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• Toxicity assessment.  In the toxicity assessment, toxicity data for 
individual contaminants of potential concern were compiled from 
standard government sources for use in the risk calculations. 

• Risk characterization.  In the fourth step of the risk assessment, the 
results of the exposure and toxicity assessments were combined with 
Federal and State-defined risk equations to calculate estimated risk.  

The populations/exposure scenarios evaluated in the human health risk 
assessment included a temporary construction/trench worker scenario, a 
full-time Base worker scenario, an ANG reservist scenario, and a 
hypothetical on-site resident scenario.  Risks exceeding USEPA and/or 
Oregon acceptable levels were identified at ERP Sites 1, 2, 3, 9, and 11.  
The unacceptable risks were associated with the potential future use of 
groundwater as drinking water; the primary COCs responsible for the 
unacceptable risks are identified in Table 2-2.  Detailed results of the 
human health risk assessment for each ERP site are presented in the Final 
RI Report (ERM 2001a). 

2.7.2 Ecological Risk Assessment 

A Level I (scoping) ecological risk assessment was conducted in 
accordance with ODEQ guidance (ODEQ 1998c) at each of the ERP sites 
evaluated in the RI.  Potential sensitive ecological receptors and complete 
exposure pathways were identified at ERP Site 4 (Main Drainage Ditch).  
Ecological risks were not identified at the other ERP sites.  Based on the 
results of the Level I assessment, a Level II (screening) ecological risk 
assessment was performed at ERP Site 4.  The results of the Level II 
assessment indicate that Site 4 presents a potential ecological risk due to 
the presence of contaminants in sediments (primarily SVOCs, PCBs, and 
metals) at concentrations exceeding Oregon risk-based screening level 
values.  Ecological receptors may be exposed to these contaminants 
through several pathways.  For example, the contaminants can be taken 
up by vegetation in the ditch (e.g., grasses) and then ingested by local bird 
populations that forage in the ditch.  Detailed results of the Level II 
assessment are presented in the Final Site Ecology Screening Report for 
Environmental Restoration Program Site 4 (ERM 2002a). 
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2.8 Remedial Action Objectives 
  

The RAOs for the Portland ANGB address the potential risks identified at 
ERP Sites 1, 2, 3, 4, 9, and 11.  The ANG’s goal in implementing remedial 
actions at these sites is to reduce potential risks to acceptable levels that 
comply with State and Federal regulations.  The RAOs are as follows: 

• Restore the beneficial use of site groundwater by treating groundwater 
hot spots of contamination to concentrations below significant adverse 
effect levels defined by ODEQ. 

• Prevent on-site exposure to groundwater containing COCs above 
acceptable risk level risk-based concentrations.  For deterministic risk 
estimates, ODEQ defines the acceptable risk level for human exposure 
to individual carcinogens as a lifetime excess cancer risk of less than or 
equal to one per one million (i.e., 1×10-6; Oregon Administrative Rules 
[OAR] 340-122-0115(2)(a)).  ODEQ defines the acceptable risk level for 
human exposure to noncarcinogens as a hazard index less than or 
equal to one (OAR 340-122-0115(4)(a)).  These risk levels correspond to 
different risk-based concentrations for individual COCs. 

• Prevent off-site migration of groundwater containing COCs above 
acceptable risk-based concentrations. 

• To prevent potential future impacts to the beneficial use of 
groundwater, treat residual soil contamination in the area of the 
former oil/water separator at ERP Site 11. 

• Prevent ecological exposure to ditch sediments at ERP Site 4 that 
contain contaminants above acceptable ecological risk-based 
concentrations. 

The target cleanup levels for individual COCs in groundwater are 
presented in Table 2-3.  The groundwater cleanup levels are based on a 
drinking-water beneficial use scenario.  The cleanup levels for the 
treatment of groundwater hot spots correspond to ODEQ pre-calculated 
significant adverse effect levels (Table 2-1 of Final Pre-Calculated Hot Spot 
Look-Up Tables; ODEQ 1998b).  The cleanup levels for the prevention of 
off-site migration and on-site exposure above acceptable risk levels 
correspond to USEPA Region 9 Preliminary Remediation Goals for tap 
water (USEPA 2002). 
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TABLE 2-3
Target Cleanup Levels for Groundwater

142nd FW, Portland ANGB, Portland, Oregon

Cleanup Level (µg/L)

Treatment of Hot 
Spots(a)

Prevention of Off-Site 
Migration & On-Site 

Exposure Above 
Acceptable Risk 

Levels(b)

1, 2, & 3 Benzene 5 0.34
1,1-Dichloroethene 340(c) 340
cis-1,2-Dichloroethene 70 61
1,2-Dichloropropane 5 0.16
Trichloroethene 5 0.028
Vinyl Chloride 2 0.02

9 Benzene 5 0.34
Benzo(a)anthracene 0.092(c) 0.092
Benzo(b)fluoranthene 0.092(c) 0.092
Benzo(a)pyrene 0.2 0.0092
Bis(2-ethylhexyl)phthalate 6 4.8

11 Benzene 5 0.34
1,2-Dichloroethane 5 0.12
Vinyl Chloride 2 0.02

Notes:
µg/L = Micrograms per liter

(c) Basis is USEPA Region 9 PRGs for tap water.

(b) Cleanup levels for prevention of off-site migration & on-site exposure above acceptable risk levels correspond to 
USEPA Region 9 Preliminary Remediation Goals (PRGs) for tap water (USEPA Region 9, October 2002).

ERP Site Contaminant of Concern

(a) Cleanup levels for hot spots correspond to ODEQ pre-calculated "significant adverse effect" levels (Table 2-1 in 
Final Pre-Calculated Hot Spot Look-Up Tables; ODEQ 1998).  The basis for the "significant adverse effect" levels is the 
National Primary Drinking Water Standard Maximum Contaminant Levels (MCLs), except as noted.
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The baseline human health risk assessment concluded that the 
contaminated soil at ERP Site 11 and the contaminated sediments at ERP 
Site 4 do not pose unacceptable risks under the exposure scenarios 
analyzed (i.e., construction/trench worker, Base worker, reservist, and 
hypothetical on-site resident; ERM 2001a).  The objective of treating the 
residual soil contamination at Site 11 is to prevent potential future impacts 
to the beneficial use of groundwater.  The effectiveness of the Site 11 soil 
treatment will be assessed through groundwater monitoring and 
comparison of dissolved COC concentrations to the target cleanup levels 
in Table 2-3. 

The planned stormwater improvement/ditch filling project at ERP Site 4 
will cover the contaminated ditch sediments with approximately 5 to  
10 feet of clean fill material.  This sediment cap will prevent ecological 
exposure to the ditch sediments, thereby eliminating ecological risks.  The 
ditch sediments are not expected to pose a risk to underlying groundwater 
due to the low leachability of the contaminants. 

No other soil or sediment contamination requiring remedial action has 
been identified at the Base.  Consequently, cleanup levels for soil and 
sediment were not developed. 

2.9 Description of Alternatives 
  

Six remedial alternatives for addressing contaminated groundwater at 
ERP Sites 2, 9, and 11 were evaluated in the FS (ERM 2001b): 

• Alternative 1: No Action.  Under this alternative, no site modifications, 
monitoring, or other actions would be implemented to reduce or 
eliminate human health and environmental risks. 

• Alternative 2: Monitored Natural Attenuation.  Natural attenuation 
reduces the mass and concentrations of contaminants through 
naturally occurring biological, physical, and chemical processes.  This 
alternative involves monitoring and documenting the intrinsic 
bioremediation element of natural attenuation; active treatment 
measures would not be taken. 

• Alternative 3: In Situ Oxidation – Potassium Permanganate/Sodium 
Persulfate Injection with Monitored Natural Attenuation.  This 
alternative involves the injection of a solution of either potassium 
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permanganate to treat chlorinated VOCs, or sodium persulfate to treat 
benzene (and trace PAHs, if present), into the contaminated zone.  
These materials are strong oxidants that have been shown to rapidly 
destroy dissolved VOCs.  This alternative also includes the use of 
MNA in areas with low concentrations of VOCs. 

• Alternative 4: In Situ Oxidation – Ozonation with Monitored Natural 
Attenuation.  This alternative involves the injection of a mixture of air 
and ozone gas into the contaminated zone.  Ozone is a strong oxidant 
that has been shown to rapidly destroy dissolved VOCs.  This 
alternative also includes the use of MNA in areas with low 
concentrations of VOCs. 

• Alternative 5: Enhanced Bioremediation with Monitored Natural 
Attenuation.  This alternative involves the injection of a material that 
stimulates natural biological activity into the contaminated zone.  The 
increased activity of native microbes in the saturated zone results in an 
increased rate of contaminant biodegradation.  This alternative also 
includes the use of MNA in areas with low concentrations of VOCs. 

• Alternative 6:  In-Well Aeration with Monitored Natural Attenuation.  
This alternative involves the stripping of dissolved VOCs from 
groundwater within treatment/aerator wells.  Groundwater flows into 
the treatment well through a lower screen and is pumped to the upper 
section of the well, where it is sparged with air.  The sparged water 
then flows back into the surrounding formation through an upper well 
screen.  This alternative also includes the use of MNA in areas with 
low concentrations of VOCs. 

Two remedial alternatives for addressing contaminated sediment at ERP 
Site 4 were considered in the Proposed Plan (ERM 2003a): 

• Alternative 1: Excavation and Off-Site Disposal.  This alternative 
involves the excavation and off-site disposal of contaminated ditch 
sediments.  Following removal of contaminated sediments, 
confirmation samples would be collected to verify that contaminant 
concentrations in the remaining sediments are below site-specific 
cleanup levels. 

• Alternative 2:  Ditch Filling/Sediment Capping.  In this alternative, 
ecological risks would be eliminated by installing stormwater drainage 
piping in the ditch, and then filling the entire ditch with clean fill 
material.  Since the United States Army Corps of Engineers has 
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designated the Main Drainage Ditch as a jurisdictional wetland, 
mitigation measures would be necessary to offset the loss of this 
wetland. 

The remedial alternatives for ERP Sites 2, 9, and 11 developed in the FS 
are described further below; a detailed analysis of each alternative relative 
to the individual FS evaluation criteria is presented in the Final FS Report 
(ERM 2001b).  Since the Portland ANGB plans to implement sediment 
Alternative 2 as part of a facility stormwater improvement project, thereby 
eliminating potential ecological risks, the two alternatives for ERP Site 4 
were not analyzed further through the FS process.  Accordingly, because 
the Site 4 remedy was not selected through the normal remedy selection 
process, the remaining sections of this ROD pertain mainly to the 
groundwater alternatives. 

Upon attaining the RAOs, each alternative described below (with the 
exception of Alternative 1) is expected to result in the availability of Base 
groundwater for unrestricted use.  Land will continue to be available for 
industrial use. 

2.9.1 Alternative 1: No Action 

Under Alternative 1, no active treatment measures, site modifications, 
groundwater monitoring, or other actions would be taken to prevent or 
eliminate human health and environmental risks associated with COCs in 
groundwater.  This alternative is not expected to be effective, as it includes 
no measures to protect human health and the environment, comply with 
RAOs, or reduce contaminant TMV.  However, consistent with Federal 
CERCLA guidance, the No Action alternative was included in the FS as a 
baseline for comparison against the other alternatives.  There would be no 
costs associated with implementing this alternative. 

2.9.2 Elements Common to Alternatives 2, 3, 4, 5, and 6 

Alternatives 2, 3, 4, 5, and 6 share several common elements that fall into 
the general category of institutional controls.  Such controls provide 
protection from existing risks or future residual risks at the Base.  
Institutional controls will be utilized as necessary to manage risks during 
and/or after the active treatment phase at each ERP site.  Because the 
common elements are the same for Alternatives 2, 3, 4, 5, and 6, they are 
described below separately, rather than repeatedly in the subsequent 
sections describing each alternative.  Additionally, the costs associated 
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with the common elements are not included in the remedial cost 
estimates, because these costs are the same for each site and each 
alternative. 

The elements common to Alternatives 2, 3, 4, 5, and 6 include: 

• Long-term monitoring of VOC concentrations in the Shallow Zone, 
Deep Zone, and/or CRSA within and beyond the boundaries of the 
active treatment areas at ERP Sites 2, 9, and 11.  Monitoring would be 
conducted annually for up to 30 years. 

• Use of basewide access restrictions to prevent access by unauthorized 
persons or use of the facility for unauthorized purposes.  Access is 
currently limited to Base workers and authorized visitors and 
contractors.  A chain-link fence surrounds the property, and all 
workers and visitors must enter and exit the Base through a manned 
security gate.  Access to the Base is strictly controlled by ANG security 
personnel. 

• Use of digging permits, contaminated media management plans, and 
health and safety plans that require proper approvals and appropriate 
training, equipment, monitoring, and material handling/waste 
management practices during activities that could potentially put 
workers in contact with contaminated media or otherwise pose risks.  
Examples of such activities include subsurface construction work or 
trenching. 

• Utilization of alternative water supplies, such as the existing public 
water supply, when additional water capacity is required, rather than 
obtaining this capacity through extraction of groundwater at the Base. 

2.9.3 Alternative 2: Monitored Natural Attenuation 

Alternative 2 utilizes MNA as the primary treatment method.  MNA 
would be implemented at each site.  Based on the observed COC 
concentrations, the duration of this alternative is expected to be 
approximately 30 years.  This alternative also includes the use of 
institutional controls as described in Section 2.9.2. 
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2.9.3.1 Implementation of Alternative 2 at ERP Site 2 

Implementation of Alternative 2 at ERP Site 2 would involve: 

• Performing a direct-push groundwater investigation to assess the 
current lateral extent of dissolved VOCs in the Deep Zone. 

• Installing four Shallow Zone monitoring wells, two Deep Zone 
monitoring wells, and two CRSA monitoring wells within, and 
surrounding, the hot spots of contamination. 

• Monitoring the new and existing monitoring wells quarterly for 1 year 
and annually for up to 30 years.  Groundwater would be monitored for 
VOCs and MNA parameters. 

The total estimated cost for implementing Alternative 2 at ERP Site 2, 
including a 30 percent contingency, is $717,000. 

2.9.3.2 Implementation of Alternative 2 at ERP Site 9 

Implementation of Alternative 2 at ERP Site 9 would involve: 

• Installing seven Shallow Zone monitoring wells within, and 
surrounding, the hot spot of contamination. 

• Monitoring the new and existing monitoring wells quarterly for 1 year 
and annually for 30 years.  Groundwater would be monitored for 
VOCs, PAHs, and MNA parameters. 

The total estimated cost for implementing Alternative 2 at ERP Site 9, 
including a 30 percent contingency, is $292,000. 

2.9.3.3 Implementation of Alternative 2 at ERP Site 11 

Implementation of Alternative 2 at ERP Site 11 would involve: 

• Performing a direct-push groundwater investigation to assess the 
current lateral extent of dissolved VOCs in the Deep Zone. 

• Installing four Shallow Zone monitoring wells, two Deep Zone 
monitoring wells, and three CRSA monitoring wells within, and 
surrounding, the hot spots of contamination. 
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• Monitoring the new and existing monitoring wells quarterly for 1 year 
and annually for up to 30 years.  Groundwater would be monitored for 
VOCs and MNA parameters. 

The total estimated cost for implementing Alternative 2 at ERP Site 11, 
including a 30 percent contingency, is $763,000. 

2.9.4 Alternative 3: In Situ Oxidation - Potassium Permanganate/Sodium 
Persulfate Injection with Monitored Natural Attenuation 

Alternative 3 utilizes a combination of treatment processes.  The primary 
treatment method within the hot spots is in situ oxidation, using either 
potassium permanganate or sodium persulfate as the oxidant.  The 
application technique for both of these oxidants would be the same; i.e., 
subsurface injection through wells or direct-push borings.  Potassium 
permanganate would be used to treat chlorinated VOCs at ERP Sites 2 and 
11; sodium persulfate would be used to treat benzene (and trace PAHs, if 
present above target cleanup levels in baseline groundwater samples) at 
ERP Site 9.  MNA would be used to monitor the natural degradation of 
contaminants within and outside of the hot spots.  Based on the observed 
COC concentrations, information from vendors, and experience at similar 
sites, the active treatment duration for this alternative is expected to be 2 
years, followed by up to 5 years of monitoring.  This alternative also 
includes the use of institutional controls as described in Section 2.9.2. 

2.9.4.1 Implementation of Alternative 3 at ERP Site 2 

Implementation of Alternative 3 at ERP Site 2 would involve: 

• Performing a direct-push groundwater investigation to assess the 
current lateral extent of dissolved VOCs in the Deep Zone. 

• Installing four Shallow Zone monitoring wells, two Deep Zone 
monitoring wells, and two CRSA monitoring wells within, and 
surrounding, the hot spots of contamination. 

• Injecting approximately 35 pounds of potassium permanganate as a  
2 percent (minimum) water-based solution in multiple direct-push 
borings within the groundwater hot spots.  This is the anticipated 
injection quantity in each boring during each application; several 
applications would be performed. 
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• Monitoring the new and existing monitoring wells quarterly for  
2 years and annually for 5 years.  Groundwater would be monitored 
for VOCs, MNA parameters, and potential secondary effects of 
oxidation such as increased concentrations of chromium, cadmium, 
and mercury derived from aquifer materials. 

The total estimated cost for implementing Alternative 3 at ERP Site 2, 
including a 30 percent contingency, is $2,301,000. 

2.9.4.2 Implementation of Alternative 3 at ERP Site 9 

Implementation of Alternative 3 at ERP Site 9 would involve: 

• Installing seven Shallow Zone monitoring wells within, and 
surrounding, the hot spot of contamination. 

• Injecting approximately 95 pounds of iron-catalyzed sodium persulfate 
as a 3 to 5 percent (minimum) water-based solution in multiple direct-
push borings within the groundwater hot spot.  This is the anticipated 
injection quantity in each boring during each application; several 
applications would be performed. 

• Monitoring the new and existing monitoring wells quarterly for  
2 years and annually for 5 years.  Groundwater would be monitored 
for VOCs, PAHs, MNA parameters, and potential secondary effects of 
oxidation such as increased concentrations of chromium, cadmium, 
and mercury derived from aquifer materials. 

The total estimated cost for implementing Alternative 3 at ERP Site 9, 
including a 30 percent contingency, is $573,000. 

2.9.4.3 Implementation of Alternative 3 at ERP Site 11 

Implementation of Alternative 3 at ERP Site 11 would involve: 

• Performing a direct-push groundwater investigation to assess the 
current lateral extent of dissolved VOCs in the Deep Zone. 

• Installing four Shallow Zone monitoring wells, two Deep Zone 
monitoring wells, and three CRSA monitoring wells within, and 
surrounding, the hot spots of contamination. 

• Installing seven or eight Shallow Zone horizontal injection wells and 
four Deep Zone horizontal injection wells within the hot spots of 
contamination.  Horizontal injection wells were selected over vertical 
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wells or direct-push drilling methods to prevent disturbance of flight 
operations and damage to the concrete flight apron. 

• Injecting potassium permanganate as a 2 percent (minimum) water-
based solution in each of the injection wells.  Approximately 12 gallons 
of permanganate solution would be injected for each foot of screen 
length in each well.  This is the anticipated injection quantity in each 
well during each application; several applications would be 
performed. 

• Monitoring the new and existing monitoring wells quarterly for  
2 years and annually for 5 years.  Groundwater would be monitored 
for VOCs, MNA parameters, and potential secondary effects of 
oxidation such as increased concentrations of chromium, cadmium, 
and mercury derived from aquifer materials. 

The total estimated cost for implementing Alternative 3 at ERP Site 11, 
including a 30 percent contingency, is $2,607,000. 

2.9.5 Alternative 4:  In Situ Oxidation - Ozonation with Monitored Natural 
Attenuation 

Alternative 4 utilizes a combination of treatment processes.  The primary 
treatment method within the hot spots is in situ oxidation, using ozone 
gas as the oxidant.  The ozone would be injected into the subsurface 
through ozone sparging wells.  A soil vapor extraction (SVE) system 
would be used to collect excess ozone and volatilized VOCs.  MNA would 
be used to monitor the natural degradation of contaminants within and 
outside of the hot spots.  Based on the observed COC concentrations, 
information from vendors, and experience at similar sites, the active 
treatment duration for this alternative is expected to be 3 years, followed 
by up to 5 years of monitoring.  This alternative also includes the use of 
institutional controls as described in Section 2.9.2. 

2.9.5.1 Implementation of Alternative 4 at ERP Site 2 

Implementation of Alternative 4 at ERP Site 2 would involve: 

• Performing a direct-push groundwater investigation to assess the 
current lateral extent of dissolved VOCs in the Deep Zone. 
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• Installing four Shallow Zone monitoring wells, two Deep Zone 
monitoring wells, and two CRSA monitoring wells within, and 
surrounding, the hot spots of contamination. 

• Installing 32 ozone sparging/SVE wells within the Shallow Zone hot 
spot and 12 ozone sparging/SVE wells within the Deep Zone hot spot. 

• Installing ozone sparging and SVE system equipment and piping, and 
operating the treatment systems for 3 years. 

• Monitoring the new and existing monitoring wells quarterly for  
3 years and annually for 5 years.  Groundwater would be monitored 
for VOCs and MNA parameters. 

• Sampling the SVE system air effluent quarterly to assess system 
performance. 

The total estimated cost for implementing Alternative 4 at ERP Site 2, 
including a 30 percent contingency, is $3,501,000. 

2.9.5.2 Implementation of Alternative 4 at ERP Site 9 

Implementation of Alternative 4 at ERP Site 9 would involve: 

• Installing seven Shallow Zone monitoring wells within, and 
surrounding, the hot spot of contamination. 

• Installing 16 ozone sparging/SVE wells within the Shallow Zone hot 
spot. 

• Installing ozone sparging and SVE system equipment and piping, and 
operating the treatment systems for 3 years. 

• Monitoring the new and existing monitoring wells quarterly for  
3 years and annually for 5 years.  Groundwater would be monitored 
for VOCs, PAHs, and MNA parameters. 

• Sampling the SVE system air effluent quarterly to assess system 
performance. 

The total estimated cost for implementing Alternative 4 at ERP Site 9, 
including a 30 percent contingency, is $1,198,000. 
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2.9.5.3 Implementation of Alternative 4 at ERP Site 11 

Implementation of Alternative 4 at ERP Site 11 would involve: 

• Performing a direct-push groundwater investigation to assess the 
current lateral extent of dissolved VOCs in the Deep Zone. 

• Installing four Shallow Zone monitoring wells, two Deep Zone 
monitoring wells, and three CRSA monitoring wells within, and 
surrounding, the hot spots of contamination. 

• Installing eight horizontal ozone sparging wells within the Shallow 
Zone hot spot and four horizontal ozone sparging wells within the 
Deep Zone hot spot.  Horizontal sparging wells were selected over 
vertical wells to prevent disturbance of flight operations and damage 
to the concrete flight apron. 

• Installing eight horizontal SVE wells above the water table and four 
horizontal SVE wells near the top of the Deep Zone, directly above the 
respective sparging wells.  The Deep Zone SVE wells would be under 
saturated conditions, and would serve to relieve pressure build-up in 
the Deep Zone resulting from ozone sparging, rather than acting as 
traditional SVE wells. 

• Installing ozone sparging and SVE system equipment and piping, and 
operating the treatment systems for 3 years. 

• Monitoring the new and existing monitoring wells quarterly for  
3 years and annually for 5 years.  Groundwater would be monitored 
for VOCs and MNA parameters. 

• Sampling the SVE system air effluent quarterly to assess system 
performance. 

The total estimated cost for implementing Alternative 4 at ERP Site 11, 
including a 30 percent contingency, is $4,409,000. 

2.9.6 Alternative 5: Enhanced Bioremediation with Monitored Natural 
Attenuation 

Alternative 5 utilizes enhanced aerobic and anaerobic bioremediation and 
MNA to treat COCs within the hot spots.  Areas affected by TCE, such as 
the presumed source area at ERP Site 2, would be treated using a 
hydrogen releasing material.  Other areas would be treated using an 
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oxygen releasing material.  MNA would also be used to monitor the 
natural degradation of contaminants outside of the hot spots.  Based on 
the observed COC concentrations, information from vendors, and 
experience at similar sites, the active treatment duration for this 
alternative is expected to be 2 years, followed by up to 5 years of 
monitoring.  This alternative also includes the use of institutional controls 
as described in Section 2.9.2. 

2.9.6.1 Implementation of Alternative 5 at ERP Site 2 

Implementation of Alternative 5 at ERP Site 2 would involve: 

• Performing a direct-push groundwater investigation to assess the 
current lateral extent of dissolved VOCs in the Deep Zone. 

• Installing four Shallow Zone monitoring wells, two Deep Zone 
monitoring wells, and two CRSA monitoring wells within, and 
surrounding, the hot spots of contamination. 

• Injecting approximately 30 pounds of hydrogen releasing material in 
multiple direct-push borings within the area of the Shallow Zone 
impacted by TCE.  This is the anticipated injection quantity in each 
boring during each application; several applications would be 
performed. 

• Injecting approximately 30 pounds of oxygen releasing material in 
multiple direct-push borings within the groundwater hot spots, 
outside the area of the Shallow Zone impacted by TCE.  This is the 
anticipated injection quantity in each boring during each application; 
several applications would be performed. 

• Monitoring the new and existing monitoring wells quarterly for  
2 years and annually for 5 years.  Groundwater would be monitored 
for VOCs and MNA parameters. 

The total estimated cost for implementing Alternative 5 at ERP Site 2, 
including a 30 percent contingency, is $2,780,000. 

2.9.6.2 Implementation of Alternative 5 at ERP Site 9 

Implementation of Alternative 5 at ERP Site 9 would involve: 

• Installing seven Shallow Zone monitoring wells within, and 
surrounding, the hot spot of contamination. 
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• Injecting approximately 30 pounds of oxygen releasing material in 
multiple direct-push borings within the groundwater hot spot.  This is 
the anticipated injection quantity in each boring during each 
application; several applications would be performed. 

• Monitoring the new and existing monitoring wells quarterly for  
2 years and annually for 5 years.  Groundwater would be monitored 
for VOCs, PAHs, and MNA parameters. 

The total estimated cost for implementing Alternative 5 at ERP Site 9, 
including a 30 percent contingency, is $596,000. 

2.9.6.3 Implementation of Alternative 5 at ERP Site 11 

Implementation of Alternative 5 at ERP Site 11 would involve: 

• Performing a direct-push groundwater investigation to assess the 
current lateral extent of dissolved VOCs in the Deep Zone. 

• Installing four Shallow Zone monitoring wells, two Deep Zone 
monitoring wells, and three CRSA monitoring wells within, and 
surrounding, the hot spots of contamination. 

• Injecting approximately 30 pounds of oxygen releasing material in 
multiple direct-push borings within the groundwater hot spots.  This is 
the anticipated injection quantity in each boring during each 
application; several applications would be performed. 

• Monitoring the new and existing monitoring wells quarterly for  
2 years and annually for 5 years.  Groundwater would be monitored 
for VOCs and MNA parameters. 

The total estimated cost for implementing Alternative 5 at ERP Site 11, 
including a 30 percent contingency, is $4,309,000. 

2.9.7 Alternative 6: In-Well Aeration with Monitored Natural Attenuation 

Alternative 6 utilizes a combination of treatment processes.  The primary 
treatment method within the hot spots is in-well aeration, with granular 
activated carbon treatment of the aeration well air effluent.  MNA would 
be used to monitor the natural degradation of contaminants within and 
outside of the hot spots.  Based on the observed COC concentrations and 
information from vendors, the active treatment duration for this 
alternative is expected to be 3 years, followed by up to 5 years of 
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monitoring.  This alternative also includes the use of institutional controls 
as described in Section 2.9.2. 

2.9.7.1 Implementation of Alternative 6 at ERP Site 2 

Implementation of Alternative 6 at ERP Site 2 would involve: 

• Performing a direct-push groundwater investigation to assess the 
current lateral extent of dissolved VOCs in the Deep Zone. 

• Installing four Shallow Zone monitoring wells, two Deep Zone 
monitoring wells, and two CRSA monitoring wells within, and 
surrounding, the hot spots of contamination. 

• Installing 21 aeration wells within the Shallow Zone hot spot and 5 
aeration wells within the Deep Zone hot spot. 

• Installing in-well aeration system equipment and piping, and 
operating the treatment system for 3 years. 

• Monitoring the new and existing monitoring wells quarterly for  
3 years and annually for 5 years.  Groundwater would be monitored 
for VOCs and MNA parameters. 

• Sampling the treatment system air effluent quarterly to assess system 
performance. 

The total estimated cost for implementing Alternative 6 at ERP Site 2, 
including a 30 percent contingency, is $3,721,000. 

2.9.7.2 Implementation of Alternative 6 at ERP Site 9 

Implementation of Alternative 6 at ERP Site 9 would involve: 

• Installing seven Shallow Zone monitoring wells within, and 
surrounding, the hot spot of contamination. 

• Installing four aeration wells within the Shallow Zone hot spot. 

• Installing in-well aeration system equipment and piping, and 
operating the treatment system for 3 years. 

• Monitoring the new and existing monitoring wells quarterly for  
3 years and annually for 5 years.  Groundwater would be monitored 
for VOCs, PAHs, and MNA parameters. 
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• Sampling the treatment system air effluent quarterly to assess system 
performance. 

The total estimated cost for implementing Alternative 6 at ERP Site 9, 
including a 30 percent contingency, is $1,075,000. 

2.9.7.3 Implementation of Alternative 6 at ERP Site 11 

Implementation of Alternative 6 at ERP Site 11 would involve: 

• Performing a direct-push groundwater investigation to assess the 
current lateral extent of dissolved VOCs in the Deep Zone. 

• Installing four Shallow Zone monitoring wells, two Deep Zone 
monitoring wells, and three CRSA monitoring wells within, and 
surrounding, the hot spots of contamination. 

• Installing 26 aeration wells within the Shallow Zone hot spot and 7 
aeration wells within the Deep Zone hot spot. 

• Installing in-well aeration system equipment and piping, and 
operating the treatment system for 3 years. 

• Monitoring the new and existing monitoring wells quarterly for  
3 years and annually for 5 years.  Groundwater would be monitored 
for VOCs and MNA parameters. 

• Sampling the treatment system air effluent quarterly to assess system 
performance. 

The total estimated cost for implementing Alternative 6 at ERP Site 11, 
including a 30 percent contingency, is $5,554,000. 

2.10 Comparative Analysis of Alternatives 
  

In accordance with USEPA and ODEQ guidance (USEPA 1988; ODEQ 
1998d), the FS evaluated each of the six remedial alternatives with respect 
to ten criteria, and recommended a Preferred Alternative for each ERP site 
based on this analysis.  The alternatives were evaluated both individually, 
and relative to each other in a comparative analysis.  Sections 2.10.1 
through 2.10.10 below describe the ten evaluation criteria used to select 
the remedies; Sections 2.10.11 through 2.10.13 summarize the comparative 



  FINAL 
 

 

 2-57

analysis of alternatives for ERP Sites 2, 9, and 11.  A summary of the 
comparative analysis for each site is presented in Table 2-4. 

2.10.1 Overall Protection of Human Health and the Environment 

This USEPA criterion is used to assess whether a remedial alternative 
provides sufficient protection of human health and the environment.  The 
assessment of overall protection considers the degree to which an 
alternative satisfies the requirements of the other evaluation criteria, 
particularly compliance with applicable or relevant and appropriate 
requirements (ARARs), long-term effectiveness and permanence, and 
short-term effectiveness.  Evaluation against this criterion includes 
consideration of whether an alternative poses any unacceptable short-term 
or cross-media impacts. 

In Oregon, the protectiveness of an alternative is addressed by the criteria 
defined for the “effectiveness” and “long-term reliability” remedy 
selection balancing factors (OAR 340-122-090(3)(a) and (b)).  These criteria 
generally correspond to the factors considered by the USEPA criterion. 

2.10.2 Compliance with ARARs 

This USEPA criterion is used to assess whether a remedial alternative will 
satisfy Federal and State ARARs.  The primary ARARs for remediation of 
groundwater at the Portland ANGB are contained in Oregon’s Hazardous 
Substance Remedial Action Rules, OAR Chapter 340-122.  Chemical-
specific ARARs applicable to contaminated groundwater at the Base 
include ODEQ pre-calculated significant adverse effect levels for hot spots 
in water (Table 2-1 in Final Pre-Calculated Hot Spot Look-Up Tables; ODEQ 
1998b); ODEQ generic risk-based concentrations for groundwater 
(contained in Appendices A and J of Risk-Based Decision Making for the 
Remediation of Petroleum-Contaminated Sites; ODEQ 2003); and USEPA 
Region 9 Preliminary Remediation Goals for tap water (USEPA 2002). 

In Oregon, compliance with ARARs is addressed by some of the criteria 
defined for the effectiveness balancing factor.  These criteria generally 
correspond to the factors considered by the USEPA criterion. 

2.10.3 Long-Term Effectiveness and Permanence 

This USEPA criterion is used to assess the long-term effectiveness and 
permanence of a remedial alternative, and is evaluated by considering the  
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TABLE 2-4
Comparative Analysis Summary

142nd FW, Portland ANGB, Portland, Oregon

Overall Protection of 
Human                

Health and 
Environment

Compliance 
with ARARs

Long-Term 
Effectiveness        

and Permanence

Reduction of TMV 
Through Treatment

Short-Term 
Effectiveness Implementability Estimated       

Cost
Cost 

Reasonableness
Treatment of 

Hot Spots

2 1. No Action Low Low Low Low Low High $0 Low Low 6

2. Monitored Natural Attenuation Low Low Low Low Low High $717,000 Low Low 5

3.  In Situ Oxidation - Potassium                      
Permanganate Injection w/ MNA High High High High Medium High $2,301,000 High High 1

4.  In Situ Oxidation – Ozonation w/ MNA High High High High Medium Medium $3,501,000 Medium High 2

5.  Enhanced Bioremediation w/ MNA Medium Medium Medium Medium Medium High $2,780,000 Medium Medium 4

6.  In-Well Aeration w/ MNA Medium High High High Medium Medium $3,721,000 Medium High 3

9 1. No Action Low Low Low Low Low High $0 Low Low 6

2. Monitored Natural Attenuation Low Low Low Low Low High $292,000 Low Low 5

3.  In Situ Oxidation - Sodium Persulfate 
Injection w/ MNA High High High High Medium High $573,000 High High 1

4.  In Situ Oxidation – Ozonation w/ MNA High High High High Medium Medium $1,198,000 Medium High 3

5.  Enhanced Bioremediation w/ MNA High High High High Medium High $596,000 High High 2

6.  In-Well Aeration w/ MNA High High High High Medium Medium $1,075,000 Medium High 4

11 1. No Action Low Low Low Low Low High $0 Low Low 6

2. Monitored Natural Attenuation Low Low Low Low Low High $763,000 Low Low 5

3.  In Situ Oxidation - Potassium                      
Permanganate Injection w/ MNA High High High High Medium Medium $2,607,000 High High 1

4.  In Situ Oxidation – Ozonation w/ MNA High High High High Medium Medium $4,409,000 Medium High 2

5.  Enhanced Bioremediation w/ MNA Medium Medium Medium Medium Medium Low $4,309,000 Medium Medium 4

6.  In-Well Aeration w/ MNA Medium High High High Medium Low $5,554,000 Medium High 3

NOTES:
ARARs - Applicable or relevant and appropriate requirements
TMV - Toxicity, mobility, or volume
MNA - Monitored natural attenuation
The degree to which an alternative meets the requirements of the individual evaluation criteria is rated as low, medium, or high.  The remedial alternatives for each ERP 
site are then ranked from 1 (highest) to 6 (lowest) based on the overall results of the alternatives analysis.  For further discussion of the evaluation criteria and qualitative 
ratings for each alternative, see Final Feasibility Study  (ERM 2001b).

ERP Site Remedial Alternative Comparative 
Ranking

Evaluation Criteria
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risks remaining at the site after the remedial goals have been met.  The 
evaluation considers four main factors: 

• The magnitude of residual risk to human and environmental receptors 
remaining from untreated waste or treatment residues at the 
completion of remedial activities; 

• The type, degree, and adequacy of long-term management required for 
untreated waste or treatment residues remaining at the site; 

• The long-term reliability of engineering and/or institutional controls 
for providing continued protection from untreated waste or treatment 
residues; and 

• The potential need for replacement of the remedy, and the continuing 
need for repairs to maintain the performance of the remedy. 

In Oregon, long-term effectiveness and permanence are addressed by the 
criteria defined for the long-term reliability balancing factor, and by some 
of the criteria defined for the effectiveness balancing factor.  These criteria 
generally correspond to the factors considered by the USEPA criterion. 

2.10.4 Reduction of TMV through Treatment 

This USEPA criterion addresses the degree to which a remedial alternative 
employs treatment technologies that permanently and significantly reduce 
the TMV of the hazardous substance(s).  The evaluation considers the 
following factors: 

• Treatment processes; 

• The amount of hazardous substances that will be treated; 

• The degree of expected reduction in TMV, including how the principal 
threat is addressed through treatment; 

• The degree to which the treatment will be irreversible; and 

• The type and quantity of treatment residuals that will remain 
following treatment. 

In Oregon, reduction of TMV through treatment is addressed by some of 
the criteria defined for the effectiveness and long-term reliability 
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balancing factors.  These criteria generally correspond to the factors 
considered by the USEPA criterion. 

2.10.5 Short-Term Effectiveness 

This USEPA criterion is used to assess the short-term effectiveness of a 
remedial alternative relative to its effect on human health and the 
environment during implementation of the alternative.  The evaluation 
considers the following factors: 

• Short-term risks that might be posed to the community during 
implementation of an alternative; 

• Potential impacts on workers during implementation, and the 
effectiveness and reliability of protective measures; 

• Potential environmental impacts during implementation, and the 
effectiveness and reliability of mitigative measures; and 

• The time required to complete the remedial action/meet RAOs. 

In Oregon, short-term effectiveness is addressed by the criteria defined for 
the “implementation risk” balancing factor (OAR 340-122-090(3)(d)), and 
by some of the criteria defined for the effectiveness balancing factor.  
These criteria generally correspond to the factors considered by the 
USEPA criterion. 

2.10.6 Implementability 

This USEPA criterion refers to the technical, administrative, and 
environmental feasibility of implementing an alternative, and the 
availability of various materials and services required during its 
implementation.  The following factors are used to assess implement-
ability: 

• Practical, technical, and legal difficulties or unknowns associated with 
the construction and implementation of a technology, engineering 
control, or institutional control, including potential scheduling delays; 

• The ability to monitor the effectiveness of the remedy; 

• Consistency with Federal, State, and local requirements;  
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• The activities needed to coordinate with regulatory agencies, and the 
ability and time required to obtain any necessary authorization from 
other governmental bodies; and 

• The availability of necessary services, materials, equipment, and 
specialists, including the availability of prospective technologies and 
adequate off-site treatment, storage, and disposal capacity and 
services. 

In Oregon, implementability is addressed by the criteria defined for the 
“implementability” balancing factor (OAR 340-122-090(3)(c)).  These 
criteria correspond to the factors considered by the USEPA criterion. 

2.10.7 Cost 

To evaluate this USEPA criterion, cost estimates were developed in the FS 
for each remedial alternative in accordance with the Remedial Action 
Costing Procedures Manual (USEPA 1985).  The estimated costs are based 
on the preliminary conceptual plans for each alternative outlined in 
Section 2.9, and are expressed in terms of year 2000 dollars. 

The factors considered for each alternative included: 

• Capital costs, including both direct and indirect costs; 

• Annual O&M costs; 

• Costs of any periodic review requirements; and 

• Net present value of all of the above. 

In Oregon, cost is addressed by the criteria defined for the 
“reasonableness of cost” balancing factor (OAR 340-122-090(3)(e)).  In 
addition to the factors listed above, the reasonableness of cost balancing 
factor considers the following: 

• The degree to which the costs of the remedial action are proportionate 
to the benefits to human health and the environment created through 
risk reduction or risk management; 

• With respect to hot spots of contamination in water, the degree to 
which the costs of the remedial action are proportionate to the benefits 
created through restoration or protection of existing and reasonably 
likely future beneficial uses of water; 
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• The degree of sensitivity and uncertainty of the costs; and 

• Any other information relevant to cost-reasonableness. 

2.10.8 Treatment of Hot Spots 

Oregon’s Environmental Cleanup Law requires that remedies treat hot 
spots of contamination to the extent feasible.  The evaluation of feasibility 
is based on Oregon’s five remedy selection balancing factors; however, a 
“higher cost threshold” is applied to the cost reasonableness for treating 
hot spots.  For hot spots in groundwater, the FS must evaluate the 
feasibility of treatment to levels that will no longer produce significant 
adverse effects on the beneficial use(s) of the water (OAR 340-122-
0085(5)(a)).  This criterion assesses the ability of an alternative to meet the 
requirement to treat contaminated groundwater to below significant 
adverse effect levels. 

2.10.9 State Acceptance 

This USEPA criterion is used to identify technical and administrative 
issues and concerns the State regulatory agency (i.e., ODEQ) may have 
regarding a remedial alternative. 

2.10.10 Community Acceptance 

This USEPA criterion is used to identify technical and administrative 
issues and concerns the public may have regarding a remedial alternative. 

2.10.11 Comparative Analysis of Alternatives – ERP Site 2 

This section summarizes the comparative analysis of alternatives for ERP 
Site 2.  Because all of the alternatives involve the use of institutional 
controls as described in Section 2.9.2, the comparative analysis focuses 
only on those elements that are unique to each alternative. 

2.10.11.1 ERP Site 2 - Overall Protection of Human Health and the Environment 

Contaminated groundwater at ERP Site 2 does not pose an immediate risk 
to human health and the environment because groundwater at the Base is 
not currently used.  However, the levels of COCs observed in shallow 
groundwater could pose a risk to site occupants or off-site receptors based 
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on other exposure pathways, such as vapor intrusion into buildings, direct 
contact during construction/trenching activities, or migration of 
contaminated groundwater to deeper aquifers or surface water.  
Alternatives that involve no or delayed action are therefore less protective 
than those utilizing active treatment measures.  The most protective 
alternative would be that which most reliably, completely, and quickly 
removes the COCs (chlorinated VOCs) in groundwater at ERP Site 2. 

Alternatives 1 (No Action) and 2 (MNA) are not expected to reliably, 
completely, or quickly remove the COCs in groundwater. 

Alternative 5 (Enhanced Bioremediation with MNA) is expected to 
reliably reduce COC concentrations.  However, based on treatability tests 
conducted at ERP Site 2 (ERM 2001d), Alternative 5 is not expected to 
reduce chlorinated VOC concentrations to below target cleanup levels.  
Additionally, the effectiveness of a bioremediation-enhancing material 
may diminish over time as the amount of VOCs and other organic 
material available for microbial activity decreases. 

Alternative 6 (In-Well Aeration with MNA) is expected to reliably remove 
COCs.  A technology similar to Alternative 6 has been shown to be 
effective in removing VOCs from groundwater extracted from the Shallow 
Zone at ERP Site 2 (ERM 2001a, Appendix E).  However, the ability of 
Alternative 6 to achieve target cleanup levels throughout the treatment 
area is uncertain, as the proposed application technique of this technology 
(i.e., recirculation wells) has not been tested at the Base. 

Alternative 4 (In Situ Oxidation - Ozonation with MNA) also is expected 
to reliably remove COCs.  However, the proposed application technique 
of this technology at ERP Site 2 is based on a recirculation principle 
similar to that in Alternative 6.  Consequently, the ability of Alternative 4 
to achieve target cleanup levels throughout the treatment area is 
uncertain. 

The most protective alternative is Alternative 3 (In Situ Oxidation - 
Potassium Permanganate Injection with MNA).  Treatability tests and a 
full-scale technology demonstration have shown that potassium 
permanganate can quickly destroy chlorinated VOCs in groundwater at 
the Base (ERM 2001d, 2003b).  This alternative is more reliable and 
thorough than the others because potassium permanganate provides 
residual treatment capacity, and the effectiveness of this technology is 
more easily monitored.  Incomplete removal under this alternative can be 
remedied by repeated injections of potassium permanganate. 
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2.10.11.2 ERP Site 2 - Compliance with ARARs 

Alternatives 1, 2, and 5 are not expected to reduce COC concentrations to 
below the target cleanup levels. 

Alternatives 4 and 6 could potentially reduce COC concentrations to 
below the target cleanup levels.  However, as described in the previous 
section, the reliability of these alternatives in achieving target cleanup 
levels throughout the treatment area is uncertain. 

Alternative 3 will most reliably reduce COC concentrations to below 
target cleanup levels.  Because of the complete destruction of VOCs that 
occurs upon contact with potassium permanganate, and the simplicity of 
delivering the permanganate solution to the subsurface (i.e., direct-push 
injection), this alternative can be tailored in the field to provide complete 
destruction of the dissolved COCs at ERP Site 2. 

2.10.11.3 ERP Site 2 - Long-Term Effectiveness and Permanence 

Alternatives 1 and 2 do not provide long-term effectiveness.  These 
alternatives are not expected to reduce COC concentrations to below the 
target cleanup levels. 

Alternatives 3, 4, and 5 would provide equal long-term effectiveness, 
assuming they were equally capable of reducing COC concentrations.  
These alternatives utilize technologies that destroy contaminants in situ, 
are irreversible, and do not pose additional risks after treatment goals are 
met.  Alternative 3 is expected to achieve target cleanup levels.  
Alternative 5 is not expected to achieve target cleanup levels, and the 
reliability of Alternative 4 in achieving target cleanup levels is uncertain. 

Alternative 6 would provide long-term effectiveness similar to that of 
Alternative 3, assuming it could reliably achieve target cleanup levels.  
Rather than destroying contaminants in situ, this alternative utilizes a 
technology that strips VOCs from groundwater and transfers them to an 
aboveground treatment system, where the VOCs are destroyed.  This 
technology is also irreversible and poses no additional risks after 
treatment goals are met.  However, the reliability of Alternative 6 in 
achieving target cleanup levels is uncertain. 

Alternative 3 is the most effective alternative in the long term due to the 
greater residual ability of potassium permanganate to destroy VOCs. 
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2.10.11.4 ERP Site 2 - Reduction of TMV through Treatment 

Alternatives 1 and 2 will not significantly reduce the TMV of VOC-
impacted groundwater.  Some reduction of toxicity may occur locally 
through natural attenuation of COCs.  However, the mobility and volume 
of contaminated groundwater would likely not change, and could 
possibly increase. 

Alternatives 3, 4, and 6 are expected to significantly reduce the TMV of 
VOC-impacted groundwater.  Alternative 3 is expected to provide the 
greatest reduction. 

Alternative 5 is expected to significantly reduce the toxicity of VOC-
impacted groundwater in the short term.  However, enhanced 
bioremediation is not expected to provide effective treatment of residual 
chlorinated VOCs remaining after the initial reductions.  Consequently, 
Alternative 5 might not reduce the volume of contaminated groundwater 
as much as the reductions expected with Alternatives 3, 4, and 6. 

2.10.11.5 ERP Site 2 - Short-Term Effectiveness 

Alternatives 1 and 2 are not expected to significantly reduce COC 
concentrations in the short term.  Contaminated groundwater could 
potentially migrate off-site within the timeframe required to reach cleanup 
goals under these alternatives. 

Alternatives 3, 4, 5, and 6 provide short-term effectiveness.  These 
alternatives are expected to significantly reduce dissolved VOC 
concentrations in a relatively short time.  Alternatives 3 and 4 would pose 
potential hazards to workers implementing these alternatives due to the 
oxidants used.  These hazards can be controlled through the use of 
appropriate health and safety measures.  No threats to workers are 
expected during implementation of Alternative 6, beyond the usual 
mechanical hazards associated with well drilling and machinery 
installation. 

2.10.11.6 ERP Site 2 - Implementability 

Alternatives 1 and 2 are the easiest alternatives to implement.  Alternative 
1 requires no action, and Alternative 2 requires only installation of 
additional monitoring wells and periodic monitoring of COCs and natural 
attenuation parameters.  However, these alternatives are not considered 
reliable, and they would likely require future replacement. 
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The next easiest alternatives to implement are Alternatives 3 and 5.  These 
alternatives involve the direct-push injection of a treatment material and 
periodic monitoring.  Alternative 3 is expected to achieve greater VOC 
reductions than Alternative 5.  Alternative 5 may require replacement if it 
fails to achieve target cleanup levels. 

Alternatives 4 and 6 are the most difficult alternatives to implement.  
These alternatives involve the construction of a network of sparging or 
aeration wells and associated piping, compressors, and controls.  These 
treatment systems would require periodic monitoring and maintenance 
during operation. 

2.10.11.7 ERP Site 2 - Cost 

Alternatives 1 and 2 are the least expensive alternatives.  However, these 
alternatives do not satisfy the protectiveness criterion because they are not 
expected to meet the site RAOs within a reasonable timeframe.  These 
alternatives are therefore not cost reasonable.  Alternative 5 is one of the 
least expensive alternatives employing active remedial measures, but it is 
also not expected to meet the RAOs within a reasonable timeframe.  
Consequently, Alternative 5 is not the most cost reasonable option.  
Alternatives 4 and 6 are the most expensive alternatives, and their ability 
to achieve target cleanup levels throughout the dissolved VOC plume 
within a reasonable timeframe is uncertain.  Alternative 3 is at least as 
protective as Alternatives 4 and 6 and is less expensive.  Therefore, 
Alternative 3 is the most cost reasonable alternative. 

2.10.11.8 ERP Site 2 - Treatment of Hot Spots 

Alternatives 1 and 2 are not expected to effectively treat the hot spots of 
contamination in groundwater.  Under both of these alternatives, the 
extent of the hot spots in the Shallow and Deep Zones could potentially 
increase. 

The remaining alternatives are expected to reduce the size of the hot spots 
through treatment.  However, Alternative 5 may have difficulty treating 
the Site 2 COCs, particularly vinyl chloride, to below significant adverse 
effect levels within a reasonable timeframe.  Additionally, the reliability of 
Alternatives 4 and 6 in achieving COC reductions throughout the hot 
spots is uncertain.  Alternative 3 is expected to be the most reliable 
alternative for treatment of hot spots. 
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2.10.11.9 ERP Site 2 – State Acceptance 

Alternatives 1 and 2 are not expected to effectively treat hot spots of 
contamination or meet site RAOs within a reasonable timeframe, and thus 
would likely not be acceptable to ODEQ.  The remaining alternatives are 
expected to reduce the size of the hot spots through treatment as required 
by ODEQ.  However, Alternative 5 is not expected to achieve target 
cleanup levels, and the reliability of Alternatives 4 and 6 is uncertain.  It is 
anticipated that Alternative 3 would be scrutinized the most by ODEQ, as 
this alternative involves the injection of an oxidant (potassium 
permanganate) into groundwater. 

2.10.11.10 ERP Site 2 – Community Acceptance 

Alternatives 1 and 2 are not expected to effectively treat hot spots of 
contamination or meet site RAOs within a reasonable timeframe, and thus 
would likely not be acceptable to the local community.  The remaining 
alternatives are expected to be acceptable because they reduce the size of 
the hot spots through treatment.  However, to gain community acceptance 
of Alternatives 4, 5, and 6, additional treatability testing would likely be 
necessary to address the uncertainties associated with these alternatives.  
Due to anticipated public concerns regarding potential impacts to 
groundwater quality from potassium permanganate injection, Alternative 
3 would most likely need to include plans for the timely reporting of 
groundwater monitoring results in a format that can be easily accessed 
and reviewed by the public. 

2.10.12 Comparative Analysis of Alternatives – ERP Site 9 

This section summarizes the comparative analysis of alternatives for ERP 
Site 9.  Because all of the alternatives involve the use of institutional 
controls as described in Section 2.9.2, the comparative analysis focuses 
only on those elements that are unique to each alternative. 

2.10.12.1 ERP Site 9 - Overall Protection of Human Health and the Environment 

Contaminated groundwater at ERP Site 9 does not pose an immediate risk 
to human health and the environment because groundwater at the Base is 
not currently used.  However, the levels of COCs observed in shallow 
groundwater could pose a risk to site occupants or off-site receptors based 
on other exposure pathways, such as vapor intrusion into buildings, direct 
contact during construction/trenching activities, or migration of 
contaminated groundwater to deeper aquifers or surface water.  
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Alternatives that involve no or delayed action are therefore less protective 
than those utilizing active treatment measures.  The most protective 
alternative would be that which most reliably, completely, and quickly 
removes the COCs  (benzene and PAHs) in groundwater at ERP Site 9. 

Alternatives 1 and 2 are not expected to reliably, completely, or quickly 
remove the COCs in groundwater. 

Alternative 6 is expected to reliably remove COCs.  A technology similar 
to Alternative 6 has been shown to be effective in removing VOCs from 
groundwater extracted from the Shallow Zone at ERP Site 2.  However, 
the ability of Alternative 6 to achieve target cleanup levels throughout the 
treatment area is uncertain, as the proposed application technique of this 
technology (i.e., recirculation wells) has not been tested at the Base. 

Alternatives 4 and 5 also are expected to reliably remove COCs.  
However, they are not expected to reduce COC concentrations as quickly 
as Alternative 3.  Additionally, the ability of Alternative 4 to achieve target 
cleanup levels throughout the treatment area is uncertain, since the 
proposed application technique of this technology at ERP Site 9 is based 
on a recirculation principle similar to that in Alternative 6. 

The most protective alternative is Alternative 3 (In Situ Oxidation – 
Sodium Persulfate Injection with MNA).  This alternative is expected to 
reliably, completely, and quickly remove benzene from groundwater at 
ERP Site 9.  Although sodium persulfate injection has not been tested at 
the Base, this oxidant is expected to be effective in reducing benzene 
concentrations based on experience at similar sites.  PAHs typically are 
not as amenable to oxidation as aromatic hydrocarbons such as benzene.  
However, due to the isolated occurrence and low concentrations of 
dissolved PAHs detected at Site 9 (generally less than 2 µg/L), sodium 
persulfate is expected to be effective in reducing concentrations of these 
COCs as well.  

2.10.12.2 ERP Site 9 - Compliance with ARARs 

Alternatives 1 and 2 are not expected to reduce COC concentrations to 
below the target cleanup levels. 

Alternatives 4 and 6 could potentially reduce COC concentrations to 
below the target cleanup levels.  However, the reliability of these 
alternatives in achieving target cleanup levels throughout the treatment 
area is uncertain. 
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Alternatives 3 and 5 will most reliably reduce benzene (the primary COC) 
to below target cleanup levels.  Because of the complete destruction of 
benzene that occurs upon contact with sodium persulfate, and the 
simplicity of delivering the persulfate solution to the subsurface (i.e., 
direct-push injection), Alternative 3 can be tailored in the field to provide 
complete destruction of the dissolved benzene at ERP Site 9.  In addition, 
sodium persulfate is expected to be effective in reducing trace 
concentrations of PAHs at Site 9, should baseline groundwater sampling 
prior to the injection work indicate that these compounds are present.  
Alternative 5 also is expected to be effective in reducing dissolved 
benzene concentrations, since benzene readily degrades under aerobic 
conditions. 

2.10.12.3 ERP Site 9 - Long-Term Effectiveness and Permanence 

Alternatives 1 and 2 do not provide long-term effectiveness.  These 
alternatives are not expected to reduce COC concentrations to below the 
target cleanup levels. 

Alternatives 3, 4, and 5 would provide equal long-term effectiveness, 
assuming they were equally capable of reducing COC concentrations.  
These alternatives utilize technologies that destroy contaminants in situ, 
are irreversible, and do not pose additional risks after treatment goals are 
met.  Alternative 3 is expected to achieve target cleanup levels.  The 
reliability of Alternative 4 in achieving target cleanup levels is uncertain. 

Alternative 6 would provide long-term effectiveness similar to 
Alternatives 3 and 5, assuming it could reliably achieve target cleanup 
levels.  Rather than destroying contaminants in situ, this alternative 
utilizes a technology that strips VOCs from groundwater and transfers 
them to an aboveground treatment system, where the VOCs are 
destroyed.  This technology is also irreversible and poses no additional 
risks after treatment goals are met.  However, the reliability of Alternative 
6 in achieving target cleanup levels is uncertain. 

Alternatives 3 and 5 are the most effective alternatives in the long term.  
These alternatives are the most likely to meet the site RAOs and the least 
likely to require future replacement. 

2.10.12.4 ERP Site 9 - Reduction of TMV through Treatment 

Alternatives 1 and 2 will not significantly reduce the TMV of 
contaminated groundwater.  Some reduction of toxicity may occur locally 
through natural attenuation of the COCs.  However, the mobility and 
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volume of contaminated groundwater likely would not change, and could 
possibly increase. 

Alternatives 3, 4, 5, and 6 are expected to significantly reduce the TMV of 
contaminated groundwater.  Alternatives 3 and 5 are expected to provide 
the greatest reduction. 

2.10.12.5 ERP Site 9 - Short-Term Effectiveness 

Alternatives 1 and 2 are not expected to significantly reduce COC 
concentrations in the short term.  Contaminated groundwater could 
potentially migrate off-site within the timeframe required to reach cleanup 
goals under these alternatives. 

Alternatives 3, 4, 5, and 6 provide short-term effectiveness.  These 
alternatives are expected to significantly reduce concentrations of 
dissolved benzene (the primary COC) in a relatively short time.  
Alternatives 3 and 4 would pose potential hazards to workers 
implementing these alternatives due to the oxidants used.  These hazards 
can be controlled through the use of appropriate health and safety 
measures.  No threats to workers are expected during implementation of 
Alternative 6, beyond the usual mechanical hazards associated with well 
drilling and machinery installation. 

2.10.12.6 ERP Site 9 - Implementability 

Alternatives 1 and 2 are the easiest alternatives to implement.  Alternative 
1 requires no action, and Alternative 2 requires only installation of 
additional monitoring wells and periodic monitoring of COCs and natural 
attenuation parameters.  However, these alternatives are not considered 
reliable, and they would likely require future replacement. 

The next easiest alternatives to implement are Alternatives 3 and 5.  These 
alternatives involve the direct-push injection of a treatment material and 
periodic monitoring.  Neither of these alternatives is expected to require 
replacement. 

Alternatives 4 and 6 are the most difficult alternatives to implement.  
These alternatives involve the construction of a network of sparging or 
aeration wells and associated piping, compressors, and controls.  These 
treatment systems would require periodic monitoring and maintenance 
during operation. 
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2.10.12.7 ERP Site 9 - Cost 

Alternatives 1 and 2 are the least expensive alternatives.  However, these 
alternatives do not satisfy the protectiveness criterion because they are not 
expected to meet the site RAOs within a reasonable timeframe.  These 
alternatives are therefore not cost reasonable.  Alternatives 4 and 6 are the 
most expensive alternatives, and their ability to achieve target cleanup 
levels throughout the dissolved TPH plume within a reasonable 
timeframe is uncertain.  Alternatives 3 and 5 are at least as protective as 
Alternatives 4 and 6, and are less expensive.  Therefore, Alternatives 3 and 
5 are the most cost reasonable alternatives. 

2.10.12.8 ERP Site 9 - Treatment of Hot Spots 

Alternatives 1 and 2 are not expected to effectively treat the hot spot of 
contamination in groundwater.  Under both of these alternatives, the 
extent of the hot spot in the Shallow Zone could potentially increase. 

The remaining alternatives are expected to reduce the size of the hot spot 
through treatment.  Alternative 3 is expected to be the most reliable 
alternative for treating the hot spot to below significant adverse effect 
levels. 

2.10.12.9 ERP Site 9 – State Acceptance 

Alternatives 1 and 2 are not expected to effectively treat the hot spot of 
contamination or meet site RAOs within a reasonable timeframe, and thus 
would likely not be acceptable to ODEQ.  The remaining alternatives are 
expected to reduce the size of the hot spot through treatment as required 
by ODEQ.  However, the reliability of Alternatives 4 and 6 is uncertain.  It 
is anticipated that Alternative 3 would be scrutinized the most by ODEQ, 
as this alternative involves the injection of an oxidant (sodium persulfate) 
into groundwater. 

2.10.12.10 ERP Site 9 – Community Acceptance 

Alternatives 1 and 2 are not expected to effectively treat the hot spot of 
contamination or meet site RAOs within a reasonable timeframe, and thus 
would likely not be acceptable to the local community.  The remaining 
alternatives are expected to be acceptable because they reduce the size of 
the hot spot through treatment.  However, to gain community acceptance 
of Alternatives 4 and 6, additional treatability testing would likely be 
necessary to address the uncertainties associated with these alternatives.  
Due to anticipated public concerns regarding potential impacts to 
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groundwater quality from sodium persulfate injection, Alternative 3 
would most likely need to include plans for the timely reporting of 
groundwater monitoring results in a format that can be easily accessed 
and reviewed by the public. 

2.10.13 Comparative Analysis of Alternatives – ERP Site 11 

This section summarizes the comparative analysis of alternatives for ERP 
Site 11.  Because all of the alternatives involve the use of institutional 
controls as described in Section 2.9.2, the comparative analysis focuses 
only on those elements that are unique to each alternative. 

2.10.13.1 ERP Site 11 - Overall Protection of Human Health and the Environment 

Contaminated groundwater at ERP Site 11 does not pose an immediate 
risk to human health and the environment because groundwater at the 
Base is not currently used.  However, the levels of COCs observed in 
shallow groundwater could pose a risk to site occupants or off-site 
receptors based on other exposure pathways, such as vapor intrusion into 
buildings, direct contact during construction/trenching activities, or 
migration of contaminated groundwater to deeper aquifers or surface 
water.  Alternatives that involve no or delayed action are therefore less 
protective than those utilizing active treatment measures.  The most 
protective alternative would be that which most reliably, completely, and 
quickly removes the COCs (chlorinated VOCs) in groundwater at ERP  
Site 11. 

Alternatives 1 and 2 are not expected to reliably, completely, or quickly 
remove the COCs in groundwater. 

Alternative 5 is expected to reliably reduce COC concentrations.  
However, based on treatability tests conducted at ERP Site 2, Alternative 5 
is not expected to reduce chlorinated VOC concentrations to below target 
cleanup levels.  Additionally, the effectiveness of a bioremediation-
enhancing material may diminish over time as the amount of VOCs and 
other organic material available for microbial activity decreases. 

Alternative 6 is expected to reliably remove COCs.  A technology similar 
to Alternative 6 has been shown to be effective in removing VOCs from 
groundwater extracted from the Shallow Zone at ERP Site 2.  However, 
the ability of Alternative 6 to achieve target cleanup levels throughout the 
treatment area is uncertain, as the proposed application technique of this 
technology (i.e., recirculation wells) has not been tested at the Base. 
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Alternative 4 also is expected to reliably remove COCs.  However, it is not 
expected to reduce COC concentrations as quickly as Alternative 3. 

The most protective alternative is Alternative 3 (In Situ Oxidation - 
Potassium Permanganate Injection with MNA).  Treatability tests and a 
full-scale technology demonstration have shown that potassium 
permanganate can quickly destroy chlorinated VOCs in groundwater at 
the Base.  This alternative is more reliable and thorough than the others 
because potassium permanganate provides residual treatment capacity, 
and the effectiveness of this technology is more easily monitored.  
Incomplete removal under this alternative can be remedied by repeated 
injections of potassium permanganate. 

2.10.13.2 ERP Site 11 - Compliance with ARARs 

Alternatives 1, 2, and 5 are not expected to reduce COC concentrations to 
below the target cleanup levels. 

Alternative 6 could potentially reduce COC concentrations to below the 
target cleanup levels.  However, the reliability of this alternative in 
achieving target cleanup levels throughout the treatment area is uncertain. 

Alternatives 3 and 4 will most reliably reduce COC concentrations to 
below target cleanup levels.  These alternatives provide complete 
destruction of dissolved VOCs through direct contact with potassium 
permanganate (Alternative 3) and ozone (Alternative 4). 

2.10.13.3 ERP Site 11 - Long-Term Effectiveness and Permanence 

Alternatives 1 and 2 do not provide long-term effectiveness.  These 
alternatives are not expected to reduce COC concentrations to below the 
target cleanup levels. 

Alternatives 3, 4, and 5 would provide equal long-term effectiveness, 
assuming they were equally capable of reducing COC concentrations.  
These alternatives utilize technologies that destroy contaminants in situ, 
are irreversible, and do not pose additional risks after treatment goals are 
met.  Alternatives 3 and 4 are expected to achieve target cleanup levels; 
Alternative 5 is not expected to achieve target cleanup levels. 

Alternative 6 would provide long-term effectiveness similar to that of 
Alternatives 3 and 4, assuming it could reliably achieve target cleanup 
levels.  Rather than destroying contaminants in situ, this alternative 
utilizes a technology that strips VOCs from groundwater and transfers 
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them to an aboveground treatment system, where the VOCs are 
destroyed.  This technology is also irreversible and poses no additional 
risks after treatment goals are met.  However, the reliability of Alternative 
6 in achieving target cleanup levels is uncertain. 

Alternative 3 is the most effective alternative in the long term due to the 
greater residual ability of potassium permanganate to destroy VOCs. 

2.10.13.4 ERP Site 11 - Reduction of TMV through Treatment 

Alternatives 1 and 2 will not significantly reduce the TMV of VOC-
impacted groundwater.  Some reduction of toxicity may occur locally 
through natural attenuation of COCs.  However, the mobility and volume 
of contaminated groundwater would likely not change, and could 
possibly increase. 

Alternatives 3, 4, and 6 are expected to significantly reduce the TMV of 
VOC-impacted groundwater.  Alternatives 3 and 4 are expected to 
provide the greatest reduction. 

Alternative 5 is expected to significantly reduce the toxicity of VOC-
impacted groundwater in the short term.  However, enhanced 
bioremediation is not expected to provide effective treatment of residual 
chlorinated VOCs remaining after the initial reductions.  Consequently, 
Alternative 5 might not reduce the volume of contaminated groundwater 
as much as the reductions expected with Alternatives 3, 4, and 6. 

2.10.13.5 ERP Site 11 - Short-Term Effectiveness 

Alternatives 1 and 2 are not expected to significantly reduce COC 
concentrations in the short term.  Contaminated groundwater could 
potentially migrate off-site within the timeframe required to reach cleanup 
goals under these alternatives. 

Alternatives 3, 4, 5, and 6 provide short-term effectiveness.  These 
alternatives are expected to significantly reduce dissolved VOC 
concentrations in a relatively short time.  Alternatives 3 and 4 would pose 
potential hazards to workers implementing these alternatives due to the 
oxidants used.  These hazards can be controlled through the use of 
appropriate health and safety measures.  No threats to workers are 
expected during implementation of Alternative 6, beyond the usual 
mechanical hazards associated with well drilling and machinery 
installation. 
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2.10.13.6 ERP Site 11 - Implementability 

Alternatives 1 and 2 are the easiest alternatives to implement.  Alternative 
1 requires no action, and Alternative 2 requires only installation of 
additional monitoring wells and periodic monitoring of COCs and natural 
attenuation parameters.  However, these alternatives are not considered 
reliable, and they would likely require future replacement. 

Implementation of the remaining four alternatives would be difficult at 
ERP Site 11 due to the thick concrete present on the flight apron.  
Alternatives 5 and 6 would be the most difficult to implement, due to the 
large number of direct-push injections or well installations required.  Both 
of these alternatives would require significant coring and patching of the 
concrete flight apron, as neither can be implemented using horizontal 
wells similar to Alternatives 3 and 4. 

Alternatives 3 and 4 can be implemented using horizontal wells under the 
concrete flight apron, thus avoiding damage to the apron and minimizing 
disruption of flight operations.  Alternative 4 would be more difficult to 
implement that Alternative 3 due to the larger number of horizontal wells 
and the amount of equipment (e.g., ozone generators, sparge points, SVE 
blowers, etc.) required for operation. 

2.10.13.7 ERP Site 11 - Cost 

Alternatives 1 and 2 are the least expensive alternatives.  However, these 
alternatives do not satisfy the protectiveness criterion because they are not 
expected to meet the site RAOs within a reasonable timeframe.  These 
alternatives are therefore not cost reasonable.  Alternative 5 is also not 
expected to meet the RAOs within a reasonable time period, and is thus 
not cost reasonable.  Alternatives 4 and 6 are both expected to meet the 
RAOs; however, these alternatives are more expensive than Alternative 3.  
Alternative 3 is expected to meet the RAOs and is the least expensive of 
the alternatives employing active remedial measures.  Accordingly, 
Alternative 3 is the most cost reasonable alternative. 

2.10.13.8 ERP Site 11 - Treatment of Hot Spots 

Alternatives 1 and 2 are not expected to effectively treat the hot spots of 
contamination in groundwater.  Under both of these alternatives, the 
extent of the hot spots in the Shallow and Deep Zones could potentially 
increase. 
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The remaining alternatives are expected to reduce the size of the hot spots 
through treatment.  However, Alternative 5 may have difficulty treating 
the Site 11 COCs, particularly vinyl chloride, to below significant adverse 
effect levels within a reasonable timeframe.  Additionally, the reliability of 
Alternative 6 in achieving COC reductions throughout the hot spots is 
uncertain.  Alternative 3 is expected to be the most reliable alternative for 
treatment of hot spots. 

2.10.13.9 ERP Site 11 – State Acceptance 

Alternatives 1 and 2 are not expected to effectively treat hot spots of 
contamination or meet site RAOs within a reasonable timeframe, and thus 
would likely not be acceptable to ODEQ.  The remaining alternatives are 
expected to reduce the size of the hot spots through treatment as required 
by ODEQ.  However, Alternative 5 is not expected to achieve target 
cleanup levels, and the reliability of Alternative 6 is uncertain.  It is 
anticipated that Alternative 3 would be scrutinized the most by ODEQ, as 
this alternative involves the injection of an oxidant (potassium 
permanganate) into groundwater. 

2.10.13.10 ERP Site 11 – Community Acceptance 

Alternatives 1 and 2 are not expected to effectively treat hot spots of 
contamination or meet site RAOs within a reasonable timeframe, and thus 
would likely not be acceptable to the local community.  The remaining 
alternatives are expected to be acceptable because they reduce the size of 
the hot spots through treatment.  However, to gain community acceptance 
of Alternatives 5 and 6, additional treatability testing would likely be 
necessary to address the uncertainties associated with these alternatives.  
Due to anticipated public concerns regarding potential impacts to 
groundwater quality from potassium permanganate injection, Alternative 
3 would most likely need to include plans for the timely reporting of 
groundwater monitoring results in a format that can be easily accessed 
and reviewed by the public. 

2.11 Principal Threat Wastes 
  

The NCP establishes an expectation that treatment will be used to address 
the principal threats posed by a site wherever practicable (NCP Section 
300.430(a)(1)(iii)(A)).  Additionally, the Oregon Hazardous Substance 
Remedial Action Rules stipulate that in the event of a release of hazardous 
substances to groundwater constituting a hot spot of contamination, 
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treatment shall be required in accordance with OAR 340-122-0085(5) and 
OAR 340-122-0090 (OAR 340-122-0040(4)). 

Principal threat wastes are those source materials considered to be highly 
toxic or highly mobile that generally cannot be reliably contained, or 
would present a significant risk to human health or the environment 
should exposure occur (USEPA 1999).  The USEPA defines a source 
material as “material that includes or contains hazardous substances, 
pollutants or contaminants that act as a reservoir for migration of 
contamination to groundwater, surface water or air, or acts as a source for 
direct exposure” (USEPA 1999). 

Contaminated groundwater, such as that present at ERP Sites 2, 9, and 11, 
generally is not considered to be a source material (USEPA 1999).  
Furthermore, the contaminated soil at ERP Site 11 and the contaminated 
sediments at ERP Site 4 do not fit the definition of a principal threat waste, 
as they are neither highly toxic nor highly mobile, and they do not present 
a significant risk to human health or the environment.  Accordingly, none 
of the contamination identified at the Portland ANGB constitutes a 
USEPA-defined principal threat waste.  Nevertheless, consistent with 
ODEQ’s requirement for treatment of hot spots in groundwater, the 
response actions selected in this ROD for ERP Sites 2, 9, and 11 will use 
treatment as a principal element of the remedy. 

2.12 Selected Remedy 
  

The Selected Remedy for ERP Sites 2, 9, and 11 is identified and described 
in this section.  The Selected Remedy for ERP Site 4 also is identified.  
However, because the Site 4 remedy will be implemented as a stormwater 
improvement/O&M project by the Portland ANGB, and not as an ERP 
project (see Section 2.12.2), details of the Site 4 remedy (e.g., rationale, 
costs, etc.) are not discussed further in this ROD. 

2.12.1 Selected Remedy for ERP Sites 2, 9, and 11 

The Selected Remedy for ERP Sites 2, 9, and 11 is Alternative 3: In Situ 
Oxidation – Permanganate/Persulfate Injection with MNA.  This alterna-
tive best satisfies the remedy-selection evaluation criteria utilized in the 
FS.  Alternative 3 involves injecting an oxidant solution (potassium per-
manganate or sodium persulfate) through the lateral and vertical extent of 
groundwater impacted by VOC concentrations exceeding ODEQ hot spot 
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criteria, combined with MNA and institutional controls.  The oxidant 
solution will spread throughout the contaminated zone, completely and 
permanently destroying dissolved VOCs through chemical oxidation. 

Alternative 3 is expected to achieve ODEQ hot spot cleanup levels within 
a relatively short time (i.e., 2 to 5 years).  Additional benefits of this 
alternative include: 

• The residual risk remaining after completion of the remedy is expected 
to be acceptable (ERM 2001b), thus human health and the environment 
will be protected over the long term. 

• In situ oxidation using potassium permanganate for chlorinated VOCs 
and sodium persulfate for benzene (and trace PAHs, as necessary) is 
the simplest and most cost-effective technology among the alternatives 
that utilize active remedial measures. 

2.12.2 Selected Remedy for ERP Site 4 

The two remedial alternatives considered for ERP Site 4 – Excavation and 
Off-Site Disposal of Contaminated Sediments (Alternative 1) and Ditch 
Filling/Sediment Capping (Alternative 2) – are expected to be equally 
effective in mitigating potential ecological risks.  In addition, both 
alternatives would be relatively easy to implement.  Consequently, neither 
alternative was chosen as the preferred alternative in the Proposed Plan 
(ERM 2003a); both alternatives would meet the RAO of preventing 
ecological exposure to contaminants above risk-based concentrations. 

The Portland ANGB plans to install drainage piping in the Main Drainage 
Ditch in fiscal year 2005 as part of a stormwater improvement project.  
Accordingly, the Selected Remedy for ERP Site 4 is Alternative 2: Ditch 
Filling/Sediment Capping.  In this alternative, ecological risks are 
eliminated by installing culvert pipe in the ditch to convey stormwater, 
and then filling the entire channel with clean fill material.  An impervious 
liner will be installed between the ditch sediments and the fill material to 
prevent possible cross-contamination of the clean fill.  Placement of the 
liner and clean fill will effectively cap the contaminated ditch sediments, 
thereby preventing ecological exposures and eliminating potential 
ecological risks.  In addition, filling the channel will eliminate habitat that 
serves as a wildlife attractant in the vicinity of the PIA, thus contributing 
to the Port of Portland’s goal of reducing the potential for aircraft wildlife 
strikes.  Since the Main Drainage Ditch has been designated as a 
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jurisdictional wetland by the United States Army Corps of Engineers, 
mitigation measures will be necessary to offset the loss of this wetland. 

As noted previously, the ERP Site 4 remedy was not selected through the 
normal FS/remedy-selection process.  The stormwater improvements will 
be undertaken by the Portland ANGB as a facility O&M project.  Although 
the project work at ERP Site 4 will be partially paid for with ERP funds, 
the work will not be contracted or managed under the ERP.  Accordingly, 
the remainder of this ROD pertains only to the response actions planned 
at ERP Sites 2, 9, and 11.  Plans for filling the Main Drainage Ditch will be 
developed separately as part of the Base O&M project. 

2.12.3 Summary of Rationale for the Selected Remedy 

Alternative 3 was chosen as the Selected Remedy for ERP Site 2, 9, and 11 
because it provides the best balance of trade-offs with respect to the 
evaluation criteria discussed in Section 2.10.  The expected performance of 
the remedy relative to each of these criteria is summarized below. 

Overall Protection of Human Health and the Environment.  The Selected 
Remedy is expected to effectively remove or significantly reduce the 
concentrations of COCs in groundwater at the Base.  The risks associated 
with exposure to the COCs will be reduced or managed to an acceptable 
level within a reasonable timeframe based on the current and anticipated 
future land use. 

Compliance with ARARs.  The Selected Remedy is expected to effectively 
reduce concentrations of COCs in groundwater to below the ODEQ pre-
calculated significant adverse effect levels through treatment, and to 
prevent on-site exposure to, and off-site migration of, COC concentrations 
above Oregon acceptable risk-based levels through the use of institutional 
controls.  The subsurface injection of potassium permanganate/sodium 
persulfate will need to comply with the substantive requirements of 
Oregon’s Underground Injection Control program. 

Long-Term Effectiveness and Permanence.  The Selected Remedy is 
expected to reduce the residual risk posed by groundwater at the Base 
because dissolved COCs will be destroyed by oxidation and attenuated 
through natural degradation.  Groundwater monitoring will be used to 
assess performance relative to the RAOs, and institutional controls will be 
used to prevent exposure to contaminants below ODEQ hot spot cleanup 
levels but above acceptable risk-based levels. 
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Reduction of TMV through Treatment.  The use of potassium 
permanganate/sodium persulfate oxidation and MNA to treat COCs in 
groundwater will result in the permanent reduction of contaminant TMV.  
This reduction is achieved through chemical and biological destruction 
rather than transfer of contaminants from one medium to another.  The 
treatment process is irreversible and will result in the production of 
harmless byproducts. 

Short-Term Effectiveness.  Implementation of the Selected Remedy will 
require worker handling of potassium permanganate and sodium 
persulfate in solid or dissolved form.  Worker exposure will be minimized 
through the use of appropriate health and safety measures. 

Adverse effects on groundwater quality from in situ oxidation are not 
expected.  The oxidative effects of the potassium permanganate and 
sodium persulfate will diminish with time as they react with organic 
material in the subsurface. 

Risks associated with VOCs in groundwater are expected to be quickly 
reduced due to the rapid treatment resulting from in situ oxidation.  VOC 
concentrations within the treatment areas are expected to be reduced to 
levels below ODEQ significant adverse effect levels within 2 to 5 years of 
implementation. 

Implementability.  The equipment and construction methods required for 
the direct-push or horizontal well injection of potassium permanganate 
and sodium persulfate are readily available and easily implemented.  
However, the implementability may be inhibited by inhomogeneities in 
the subsurface geology.  Preferential flow paths and areas of low 
conductivity will dictate where injected oxidants will flow, which could 
result in portions of the treatment areas not receiving injected material.  
For direct-push injections, this can be overcome by reducing the 
spacing/separation of the injections, and/or by staggering the locations of 
later injections.  Diffusion and advection are expected to contribute to the 
dispersion of the oxidants through the treatment areas over time. 

Cost.  The estimated total costs for the Selected Remedy, including a 
30 percent contingency, are $2,335,000 at ERP Site 2; $586,000 at ERP Site 9; 
and $2,641,000 at ERP Site 11.  These cost estimates are slightly higher 
than the estimates for Alternative 3 presented in the FS and in Table 2-4, 
due to a change in the planned groundwater monitoring component of the 
remedy; see Sections 2.12.4 and 2.12.5.  These estimated costs are the 



  FINAL 
 

 

 2-81

lowest among the alternatives that employ active remedial measures, and 
are expected to be accurate to within +50 to –30 percent. 

Treatment of Hot Spots.  The Selected Remedy is expected to treat 
dissolved COCs in the groundwater hot spots to below ODEQ significant 
adverse effect levels within a reasonable timeframe. 

State Acceptance.  The use of potassium permanganate/sodium persulfate 
oxidation, MNA, and institutional controls to reduce risks associated with 
contaminated groundwater at the Base is expected to be acceptable to 
ODEQ.  State acceptance will require an adequate monitoring and 
reporting plan to meet the substantive requirements of applicable ODEQ 
permits for underground injection. 

Community Acceptance.  The use of potassium permanganate/sodium 
persulfate oxidation, MNA, and institutional controls is expected to be 
acceptable to the community.  However, because the remedy involves the 
subsurface injection of a material with which the public is generally not 
familiar, an appropriate monitoring and reporting plan will be an 
important component of the remedy.  The monitoring and reporting plan 
will allow the public to monitor changes in water quality during the 
response actions. 

2.12.4 Description of Selected Remedy 

This section describes, in general terms, how the Selected Remedy will be 
implemented at ERP Sites 2, 9, and 11.  The ANG will prepare detailed 
remedial designs prior to initiating response actions at each site.  In 
addition, the ANG will complete an evaluation of remedy effectiveness 
after 1 year of injection work and annually thereafter as part of the 
groundwater monitoring program, to assess whether the remedy is likely 
to accomplish the RAOs within a reasonable timeframe.  The results and 
recommendations of the evaluation will be submitted to ODEQ and other 
interested parties for review.  Based on the results, modification of the 
treatment regime described in the remedial design documents may be 
necessary. 

Note that since the FS and Proposed Plan were completed, the 
groundwater monitoring component of the remedy has been modified 
slightly.  Based on discussions with the ODEQ, the initial groundwater 
monitoring program at each site will consist of one baseline, pre-treatment 
sampling event (including MNA parameters) followed by 3 years of 
quarterly monitoring, rather than 2 years of quarterly monitoring and  
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5 years of annual monitoring as outlined in the FS and Proposed Plan.  
This will allow better monitoring of groundwater quality during the 
period immediately following the final round of oxidant injections at each 
site. 

2.12.4.1 ERP Site 2 

The primary treatment method in the Selected Remedy for ERP Site 2 is in 
situ chemical oxidation of chlorinated VOCs using potassium 
permanganate.  A potassium permanganate solution will be injected 
throughout the vertical and lateral extent of the Shallow and Deep Zone 
hot spots using direct-push technology.  Additionally, MNA will be used 
to verify and monitor the natural attenuation of COCs within and outside 
the treatment area.  Institutional controls will be used to prevent exposure 
to COCs below ODEQ hot spot cleanup levels but above acceptable risk-
based levels; institutional controls are described in Section 2.9.2. 

Implementation of the Selected Remedy at ERP Site 2 will involve: 

• Performing a direct-push groundwater investigation to assess the 
current lateral extent of dissolved VOCs in the Deep Zone.  The 
concentrations of VOCs in the Deep Zone are expected to fluctuate 
prior to the implementation of remedial actions at Site 2.  The 
investigation will consist of collecting approximately 30 direct-push 
groundwater samples prior to initiating permanganate injections. 

• Installing four Shallow Zone monitoring wells, two Deep Zone 
monitoring wells, and two CRSA monitoring wells within, and 
surrounding, the hot spots of contamination.  Four of these wells (one 
Shallow Zone well, one Deep Zone well, and both CRSA wells) have 
already been installed at Site 2. 

• Injecting approximately 35 pounds of potassium permanganate as a  
2 percent (minimum) water-based solution in multiple direct-push 
borings.  This is the anticipated injection quantity in each boring 
during each application; several applications will be performed as 
described below.  The injection quantity and permanganate 
concentration may vary based on the conductivity of the soil and other 
local site conditions, as well as performance monitoring results.  The 
injection locations and frequency will consist of: 

¾ Approximately 250 injections on 25-foot centers within the primary 
treatment area of the Shallow Zone hot spot, injected from the 
bottom of the Shallow Zone up to the water table.  The primary 
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treatment area is the area of the dissolved VOC plume with 
relatively higher concentrations (e.g., vinyl chloride > 20 µg/L).  
These injections will be performed approximately every 6 months 
for 2 years, for a total of four applications.  During the second, 
third, and fourth applications, the injection locations will be offset 
from the previous locations, resulting in a net spacing of 
approximately 12 feet. 

¾ Approximately 60 injections on 25-foot centers within the Shallow 
Zone hot spot but outside of the primary treatment area, injected 
from the bottom of the Shallow Zone up to the water table.  These 
injections will be performed approximately every year for  
2 years, for a total of two applications.  The injection locations will 
be offset for each application, resulting in a net spacing of 
approximately 18 feet.  Fewer permanganate applications are 
expected to be necessary outside of the primary treatment area due 
to the lower VOC concentrations near the downgradient and lateral 
margins of the dissolved plume. 

¾ Between 45 and 80 injections on 25-foot centers within the Deep 
Zone hot spot, injected from the bottom of the Deep Zone up to the 
top of the Deep Zone.  These injections will be performed 
approximately every 6 months for 2 years, for a total of four 
applications.  The injection locations will be offset for each 
application, resulting in a net spacing of approximately 12 feet. 

• Performing a baseline groundwater sampling event and 3 years of 
quarterly groundwater monitoring.  Approximately 26 wells will be 
monitored for VOC concentrations.  Additionally, approximately ten 
of these wells will be monitored for MNA parameters and potential 
secondary effects of oxidation, such as increased concentrations of 
chromium, cadmium, and mercury derived from aquifer materials. 

Figure 2-19 shows the layout of the primary components of the Selected 
Remedy for ERP Site 2.  The spacing of the injection borings described 
above and depicted in Figure 2-19 is based on preliminary estimates; 
injection spacing may be adjusted during remedial design.  The hot spot 
cleanup levels shown in Table 2-3 are expected to be achieved within 2 to 
5 years of implementing the remedy.  Residual risks associated with COC 
concentrations below the hot spot cleanup levels but above the off-site 
migration/on-site exposure cleanup levels (see Table 2-3) will be managed 
using institutional controls. 
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2.12.4.2 ERP Site 9 

The primary treatment method in the Selected Remedy for ERP Site 9 is in 
situ chemical oxidation of benzene (and trace PAHs, if present) using 
sodium persulfate.  A sodium persulfate solution will be injected 
throughout the vertical and lateral extent of the Shallow Zone hot spot 
using direct-push technology.  Additionally, MNA will be used to verify 
and monitor the natural attenuation of COCs within and outside the 
treatment area.  Institutional controls will be used to prevent exposure to 
COCs below ODEQ hot spot cleanup levels but above acceptable risk-
based levels; institutional controls are described in Section 2.9.2. 

Implementation of the Selected Remedy at ERP Site 9 will involve: 

• Installing seven Shallow Zone monitoring wells within, and 
surrounding, the hot spot of contamination.  These seven wells and 
three additional Shallow Zone monitoring wells have already been 
installed at Site 9. 

• Injecting iron-catalyzed sodium persulfate in approximately 50 direct-
push borings installed on 25-foot centers within the Shallow Zone hot 
spot.  Approximately 95 pounds of persulfate as a 3 to 5 percent 
(minimum) water-based solution will be injected from the bottom of 
the Shallow Zone up to the water table.  This is the anticipated 
injection quantity in each boring during each application.  The 
injection quantity and persulfate concentration may vary based on the 
conductivity of the soil and other local site conditions, as well as 
performance monitoring results.  The injections will be performed 
approximately every 6 months for 2 years, for a total of four 
applications.  The injection locations will be offset for each application, 
resulting in a net spacing of approximately 12 feet. 

• Performing a baseline groundwater sampling event and 3 years of 
quarterly groundwater monitoring.  Approximately ten wells will be 
monitored for VOC and PAH concentrations.  Additionally, 
approximately three of these wells will be monitored for MNA 
parameters and potential secondary effects of oxidation, such as 
increased concentrations of chromium, cadmium, and mercury 
derived from aquifer materials. 

Figure 2-20 shows the layout of the primary components of the Selected 
Remedy for ERP Site 9.  The spacing of the injection borings described 
above and depicted in Figure 2-20 is based on preliminary estimates;  
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injection spacing may be adjusted during remedial design.  The hot spot 
cleanup levels shown in Table 2-3 are expected to be achieved within 2 to  
5 years of implementing the remedy.  Residual risks associated with COC 
concentrations below the hot spot cleanup levels but above the off-site 
migration/on-site exposure cleanup levels (see Table 2-3) will be managed 
using institutional controls. 

2.12.4.3 ERP Site 11 

The primary treatment method in the Selected Remedy for ERP Site 11 is 
in situ chemical oxidation of chlorinated VOCs using potassium 
permanganate.  A potassium permanganate solution will be injected into 
the Shallow and Deep Zone hot spots using horizontal injection wells.  
Additionally, MNA will be used to verify and monitor the natural 
attenuation of COCs within and outside the treatment area.  Institutional 
controls will be used to prevent exposure to COCs below ODEQ hot spot 
cleanup levels but above acceptable risk-based levels; institutional 
controls are described in Section 2.9.2. 

Implementation of the Selected Remedy at ERP Site 11 will involve: 

• Performing a direct-push groundwater investigation to assess the 
current lateral extent of dissolved VOCs in the Deep Zone.  The 
investigation will consist of collecting approximately 30 direct-push 
groundwater samples prior to initiating permanganate injections. 

• Installing four Shallow Zone monitoring wells, two Deep Zone 
monitoring wells, and three CRSA monitoring wells within, and 
surrounding, the hot spots of contamination.  These nine wells have 
already been installed at Site 11. 

• Installing seven or eight Shallow Zone horizontal injection wells and 
four Deep Zone horizontal injection wells within the hot spots of 
contamination.  These wells will be placed at the approximate vertical 
midpoint of the Shallow Zone and Deep Zone.  Four Shallow Zone 
injection wells have already been installed as part of the Site 11 IRA. 

• Injecting potassium permanganate as a 2 percent (minimum) water-
based solution in each of the injection wells.  Approximately 12 gallons 
of permanganate solution will be injected for each foot of screen length 
in each well.  This is the anticipated injection quantity in each well 
during each application.  The injection quantity and permanganate 
concentration may vary based on the conductivity of the soil and other 
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local site conditions, as well as performance monitoring results.  The 
injections will be performed approximately every 6 months for 2 years, 
for a total of four applications. 

• Performing a baseline groundwater sampling event and 3 years of 
quarterly groundwater monitoring.  Approximately 23 wells will be 
monitored for VOC concentrations.  Additionally, approximately ten 
of these wells will be monitored for MNA parameters and potential 
secondary effects of oxidation, such as increased concentrations of 
chromium, cadmium, and mercury derived from aquifer materials. 

Figure 2-21 shows the layout of the primary components of the Selected 
Remedy for ERP Site 11.  The spacing of the horizontal wells depicted in 
Figure 2-21 is based on preliminary estimates; well spacing may be 
adjusted during remedial design.  The hot spot cleanup levels shown in 
Table 2-3 are expected to be achieved within 2 to 5 years of implementing 
the remedy.  Residual risks associated with COC concentrations below the 
hot spot cleanup levels but above the off-site migration/on-site exposure 
cleanup levels (see Table 2-3) will be managed using institutional controls. 

2.12.5 Summary of Estimated Remedy Costs 

This section summarizes the estimated costs for implementing the 
Selected Remedy at ERP Sites 2, 9, and 11.  The cost estimates are based 
primarily on information and assumptions presented in the FS report 
(ERM 2001b) regarding the anticipated scope of the response actions.  
However, the costs for groundwater monitoring are based on one baseline 
sampling event and 3 years of quarterly monitoring, rather than the  
2 years of quarterly monitoring and 5 years of annual monitoring assumed 
in the FS. 

The cost estimates presented in this section are considered preliminary, 
order-of-magnitude estimates, with an expected accuracy of +50 to –30 
percent.  The estimated costs are likely to change as a result of new 
information gathered during the remedial design phase.  Major changes 
may be documented in the form of a memorandum in the Administrative 
Record, an Explanation of Significant Differences, or a ROD amendment. 

 





  FINAL 
 

 

 2-90

2.12.5.1 ERP Site 2 

Direct and indirect capital costs for implementing the Selected Remedy at 
ERP Site 2 are estimated to be $1,438,550; this includes equipment, 
materials, contractor services, labor, project administration, and project 
management.  The O&M cost for 3 years of quarterly groundwater 
monitoring is estimated to be $357,500.  The total estimated cost for the 
Selected Remedy, including a 30 percent contingency, is $2,335,000. 

2.12.5.2 ERP Site 9 

Direct and indirect capital costs for implementing the Selected Remedy at 
ERP Site 9 are estimated to be $319,000; this includes equipment, 
materials, contractor services, labor, project administration, and project 
management.  The O&M cost for 3 years of quarterly groundwater 
monitoring is estimated to be $131,300.  The total estimated cost for the 
Selected Remedy, including a 30 percent contingency, is $586,000. 

2.12.5.3 ERP Site 11 

Direct and indirect capital costs for implementing the Selected Remedy at 
ERP Site 11 are estimated to be $1,673,950; this includes equipment, 
materials, contractor services, labor, project administration, and project 
management.  The O&M cost for 3 years of quarterly groundwater 
monitoring is estimated to be $357,500.  The total estimated cost for the 
Selected Remedy, including a 30 percent contingency, is $2,641,000. 

2.12.6 Expected Outcomes of Selected Remedy 

The purpose of the response actions selected for ERP Sites 2, 9, and 11 is to 
control risks associated with potential exposure to COCs in groundwater.  
The results of the baseline risk assessment indicate that existing conditions 
at these sites pose unacceptable risks based on a hypothetical residential 
exposure scenario.  The Selected Remedy will address groundwater 
containing COC concentrations above acceptable risk-based concentra-
tions.  The response actions are expected to restore the beneficial use of 
groundwater by treating hot spots of contamination to concentrations 
below ODEQ-defined significant adverse effect levels.  Groundwater will 
be monitored to assess performance of the remedy relative to the target 
cleanup levels.  The hot spot cleanup levels are expected to be achieved 
within 2 to 5 years of implementing the Selected Remedy.  After the hot 
spot cleanup levels are achieved, Base groundwater is generally expected 
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to be available for unrestricted use, except as limited by any institutional 
controls necessary to prevent exposure to COCs above risk-based 
concentrations.  Land will continue to be available for industrial use. 

2.13 Statutory Determinations 
  

Under CERCLA Section 121 and the NCP, the lead agency (ANG, in this 
case) must select remedies that are protective of human health and the 
environment; comply with ARARs (unless a statutory waiver is justified); 
are cost-effective; and utilize permanent solutions and alternative 
treatment technologies to the maximum extent practicable.  In addition, 
CERCLA includes a preference for remedies that employ treatment that 
permanently and significantly reduces the TMV of hazardous substances 
as a principal element. 

Per Section 340-122-0090 of the Oregon Hazardous Substance Remedial 
Action Rules, Oregon requires the selection of remedial actions that are 
protective of the environment and public health, safety, and welfare; 
provide a balance of the remedy selection factors (i.e., effectiveness, long-
term reliability, implementability, implementation risk, and cost 
reasonableness); and treat hot spots of contamination to the extent 
feasible. 

The Selected Remedy for ERP Sites 2, 9, and 11 (Alternative 3) utilizes in 
situ chemical oxidation technology to destroy dissolved COCs.  The 
remedy also utilizes MNA and institutional controls to ensure that no 
long-term residual risks remain at the sites.  This remedy meets the 
Oregon requirements for selection of remedial actions and is the most 
cost-effective of the remedial alternatives evaluated in the FS.  The 
following sections discuss how the Selected Remedy meets the CERCLA 
requirements. 

2.13.1 Protection of Human Health and the Environment 

The Selected Remedy will protect human health and the environment 
through a combination of in situ chemical oxidation treatment of 
groundwater hot spots, MNA, and institutional controls.  The remedy will 
remove contamination to below Federal and/or Oregon standards, 
prevent the existing contaminant plumes from migrating off-site, and 
eliminate the threat of exposure to dissolved COCs via ingestion of 
contaminated groundwater.  The current excess cancer risk associated 
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with the ingestion exposure pathway at ERP Sites 2, 9, and 11 exceeds the 
Oregon acceptable level of 1×10-6 for individual carcinogens.  The Selected 
Remedy will reduce the cancer risk to less than 1×10-6 and the hazard 
index to less than one.  These levels comply with Federal and State 
requirements.  There are no short-term threats associated with the 
Selected Remedy that cannot be readily controlled.  In addition, no 
adverse cross-media impacts are expected from the Selected Remedy. 

2.13.2 Compliance with ARARs 

The Selected Remedy of potassium permanganate/sodium persulfate 
oxidation with MNA complies with Oregon requirements for remedial 
actions (OAR 340-122-0090) and ODEQ pre-calculated significant adverse 
effect levels (ODEQ 1998b).  The Selected Remedy also complies with 
Federal Safe Drinking Water Act Maximum Contaminant Levels (40 Code 
of Federal Regulations Part 141), which specify acceptable contaminant 
concentrations in groundwater that serves as a potential source of 
drinking water. 

2.13.3 Cost-Effectiveness 

In the ANG’s judgment, the Selected Remedy is cost-effective (i.e., its costs 
are proportional to its overall effectiveness), and the remedy represents a 
reasonable value for the money to be spent.  In making this determination, 
the overall effectiveness of each remedial alternative (with the exception 
of the No Action alternative, which is not protective of human health and 
the environment and does not comply with ARARs) was appraised by 
assessing three of the evaluation criteria in combination: long-term 
effectiveness and permanence, reduction of TMV through treatment, and 
short-term effectiveness.  Overall effectiveness was then compared to costs 
to determine cost-effectiveness.  The overall effectiveness of the Selected 
Remedy, Alternative 3, was determined to be proportional to its costs and 
hence this alternative represents a reasonable value for the money to be 
spent. 

The estimated total cost of the Selected Remedy ranges from $586,000 at 
ERP Site 9 to $2,641,000 at ERP Site 11.  Although Alternative 2 (MNA) is 
less expensive by approximately $300,000 to $1,900,000, it is not protective 
in the short term because it does not meet the RAOs within a reasonable 
timeframe, and is therefore not cost-effective.  The Selected Remedy’s 
additional cost for more rapid attainment of RAOs provides increased 
protection of human health and the environment and is cost-effective.  The 
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Selected Remedy’s combination of potassium permanganate/sodium 
persulfate oxidation and MNA will provide an overall level of protection 
comparable to Alternatives 4 (ozonation) and 6 (in-well aeration) at a 
significantly lower cost. 

2.13.4 Utilization of Permanent Solutions and Alternative Treatment 
Technologies to the Maximum Extent Practicable 

The ANG has determined that the Selected Remedy represents the 
maximum extent to which permanent solutions and treatment 
technologies can be utilized in a practicable manner at the Base.  Of those 
alternatives that are protective of human health and the environment and 
comply with ARARs, the ANG has determined that the Selected Remedy 
provides the best balance of trade-offs in terms of the evaluation criteria, 
while also considering the statutory preference for treatment as a principal 
element. 

The Selected Remedy utilizes in situ chemical oxidation and MNA to 
significantly reduce COC concentrations in groundwater, thereby 
satisfying the criteria for long-term effectiveness.  The Selected Remedy 
does not present short-term risks different from the other treatment 
alternatives, and there are no special implementability issues that set the 
Selected Remedy apart from the other alternatives. 

2.13.5 Preference for Treatment as a Principal Element 

By treating the contaminated groundwater with in situ chemical oxidation 
and MNA, the Selected Remedy addresses potential risks posed by the 
contamination through the use of treatment technologies.  Accordingly, 
the statutory preference for remedies that employ treatment as a principal 
element is satisfied. 

2.13.6 Five-Year Review Requirements 

The Selected Remedy for ERP Sites 2, 9, and 11 is expected to achieve hot 
spot cleanup levels within 2 to 5 years of implementation, and is not 
expected to result in hazardous substances remaining in groundwater 
above levels that allow for unlimited use and unrestricted exposure.  
However, it may take longer than 5 years to achieve target cleanup levels 
and meet site RAOs.  Therefore, a policy review may be conducted within 
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5 years of construction completion to ensure that the Selected Remedy is, 
or will be, protective of human health and the environment. 

2.14 Documentation of Significant Changes 
  

The Proposed Plan for the Portland ANGB was released for public 
comment in April 2003.  The Proposed Plan identified Alternative 3, In 
Situ Oxidation – Potassium Permanganate/Sodium Persulfate Injection 
with MNA, as the Preferred Alternative for groundwater remediation.  No 
comments were 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. 
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SECTION 3.0 

 

RESPONSIVENESS SUMMARY 

This section presents stakeholder concerns about the Portland ANGB and 
preferences regarding the remedial alternatives.  It also documents how 
stakeholder concerns were addressed and how the preferences were 
factored into the remedy selection process. 

3.1 Stakeholder Issues and Lead Agency Responses 
  

The ODEQ and the Port of Portland reviewed and provided comments on 
the FS report and the Proposed Plan.  In addition, a public information 
meeting and several RAB meetings were held during the remedy selection 
process.  The ODEQ and Port of Portland review comments and the ANG 
responses are included in Appendix A.  Minutes of the RAB and public 
information meetings are included in Appendix B.  Documentation of 
stakeholder issues raised during planning and implementation of the 
IRAs at ERP Sites 2 and 11 is contained in the Administrative Record for 
the Portland ANGB. 

3.2 Technical and Legal Issues 
  

There are no technical or legal issues that require additional discussion. 
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