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EXECUTIVE SUMMARY 
This report summarizes the evaluation performed at the 10 East Bruneau Avenue, Kennewick, 
Washington site, and presents the results of the current Focused Feasibility Study (FS) and PBS’ 
preliminary alternative evaluations.  This project is designed to meet the requirements of an Agreed 
Order (AO) between Welch’s Foods and the Washington State Department of Ecology (WDOE). 
 
The FS is designed to provide an evaluation of the feasibility of proposed environmental cleanup 
alternatives at the site and is a companion document for the previous Remedial Investigation (RI – 
PBS 2008). 
   
The results of the FS provide a summary of work at the site, to-date, and presents the components 
of the FS.  Additional risk assessment, alternative evaluations and a preliminary preferred 
alternative concerning future work at the site are provided in this FS.  
 
The remedial alternatives evaluated in this study include; 1) No Action; 2) Soil Excavation and 
Disposal; 3) Contaminant Monitoring Barrier Wall; 4) Long-Term Monitoring; 5) Institutional 
Controls; 6) Biodegradable Oxidant/Solvent Remediation; 7) Thermal Steam Technology, and 8) 
Insitu Chemical Oxidation Methods.  Alternatives were reviewed in consideration of protectiveness, 
permanence, cost, long-term effectiveness, short term implementation risk and technical and 
administrative feasibility.   
 
The preliminary chosen alternative was Alternative #4 or long-term monitoring.  This alternative 
includes components of some of the other alternatives, including source control (from Alternative 
#3) and institutional controls (Alternative #5).  Public concerns will be evaluated following 
submission of the FS to WDOE. 
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1.0 INTRODUCTION 
PBS Engineering + Environmental (PBS) has completed a Focused Feasibility Study (FS) at 10 
East Bruneau Avenue, Kennewick, Washington. The Site was impacted by bunker fuel heavy oil 
contamination released from former underground storage tanks (USTs), with the release further 
described by the earlier PBS Remedial Investigation (RI), companion document, dated April 2008. 
This report summarizes the previous work performed at the Site, and presents the results of the 
current FS and PBS’ conclusions. 
 

1.1 Site Geology 
The subject property is located in the Pasco Basin, which lies within the central portion of 
the Columbia River Plateau physiographic province. This province is comprised of a series 
of flood basalts covering much of central and eastern Washington. The basalt flows of the 
Columbia River Basalt Group (CRBG) are late Miocene Epoch and early Pliocene Epoch 
(between 17 and 6 million years ago) in age, forming an extensive volcanic plateau. 
Anticlinal ridges in the area include the Horseheaven Hills (to the south of the site) that 
generally trend east-west as part of the Yakima Fold Belt; which consists of basaltic lava 
flows that have faulted and folded from the late Tertiary to the present. Glacial outwash and 
river-deposited silt, sand and gravel deposits (alluvium) overlie the Columbia River Basalt in 
the area of the subject property. 
 

1.2 General Subject Property Features 
The subject property is in an area of industrial and commercial use.  The subject property is 
the current location of J. Lieb Foods Company, which occupies the 10 East Bruneau 
property.  Their food processing facility extends to the east from the intersection of Bruneau 
Avenue and intersecting Washington Street.  The site is further described as Benton County 
Parcel #106802030001022, consisting of 1.79 acres of land.  At this time mostly vitamin 
water, juice and jam is made at the facility.   
 
Local topography slopes slightly to the north in the area of the site (see Figures 1 & 2).  A 
large boiler facility is located immediately east of the contaminated area, with food 
processing buildings further east.  Additional food processing structures are found on the 
north side of Bruneau Street.   

 
1.3 Site History 
 
Historical sources indicate that the subject property was used for a hay storage facility and 
agriculture in 1905, with Church Bottling Company (juice producer) active on the center of 
the site in 1925.  The property was apparently owned by Mary Moore in 1934 and Harry 
Love in 1943, with the juice company remaining on the site throughout that period.  The 
juice company occupied the west-central portion of the property; with irrigated land on what 
is now the east portion of the site.  In 1953 the subject property transferred from Church 
Bottling to Welch’s Juice Company.  After Welch’s purchased the site they also purchased 
the De Sota Creamery site to the north and more property to the east.  The subject property 
has remained in control by Welch’s up to early 2007, when J. Lieb Foods occupied the site.  
 

2.0 PURPOSE AND SCOPE 
The purpose of the FS was to evaluate alternatives for cleanup, taking into consideration the 
findings in the RI.  The FS will be used by WDOE to solicit public and agency comments and select 
a cleanup action for the site under WAC 173-340-360 and 173-340-390.  The FS is one of the 
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sequential requirements leading to site cleanup under the Model Toxics Control Act (MTCA). This 
project provides further environmental information and evaluation of cleanup alternatives in support 
of Agreed Order #DE 89931898 (AO) between Welch’s Foods and the WDOE toward remedial 
action at the Site.   
 
After the FS is finalized, WDOE will issue a cleanup action plan (WAC 173-340-380) that will 
present their selected cleanup actions used to address site contamination.  The elements of the FS 
consisted of the following:  
 

1. A history of the site and summary of environmental information from the RI and earlier 
reports. 

 
2. An evaluation of the hazardous substances at the site related to human health and 

environmental risk. 
 

3. Preparation of a Conceptual Site Model, which evaluates potential contaminant migration 
pathways and receptors.  The Conceptual Site Model is intended to further refine the risk at 
the site from the hazardous substances.   

 
4. Cleanup standards are defined in the FS for all media impacted by contamination on the site 

and at the points of compliance.     
 

5. Preliminary remedial alternatives are presented.  
 

6. This project summarizes information for WDOE to complete public comment and decision 
making concerning the site and to formulate a cleanup action plan.   
 

3.0 PREVIOUS INVESTIGATIONS 
 

3.1 Phase I Environmental Assessment 
In June 2006, PBS completed a Phase I Environmental Site Assessment (Phase I) on the 
subject property (Project #61375.00).  The Phase I findings recommended a Phase II 
Environmental Site Assessment (Phase II) to assess site groundwater adjacent to a 50,000-
gallon underground storage tank (UST) and lines.    
 

3.2 Phase II Environmental Assessment  
In July 2006, PBS conducted a Phase II on the subject property by completing 
environmental oversight of seven soil borings to groundwater with soil and water samples 
collected for analysis (Project #61396.00).  Soil borings were completed adjacent to the 
UST, lines and the shop area to the east.   No contamination was observed near the tank.  
Groundwater and soil contamination (heavy oil) was detected along the UST lines to the 
east of the tank.  Further work was recommended to characterize and cleanup the 
contamination.   

 
3.3 Interim Soil Excavation Remedial Action 
In response to the presence of heavy oil contamination identified by the Phase II, in August 
and September 2006, PBS oversaw excavation along the UST fuel lines to the Boiler 
Building (Project #61405.00).  No contamination was detected and it was later determined 
that the initial source of the leakage was immediately to the south of the lines at the location 
of two former 12,000-gallon bunker fuel USTs removed in the mid 1980s.  PBS’ Interim 
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Remedial Action excavation proceeded below the location of the former USTs, with 
contaminated soil removed and hauled to an offsite disposal facility during that project.   
 
The Interim Remedial Action was a pre-RI/FS “Good Faith” action to reduce contamination 
and should be considered a pre-engineered source control component of the RI/FS.  The 
earlier Interim Remedial Action was designed, in part, to lessen the head of free product oil 
over water and reduce the possibility of further oil migration.  The interim action also 
removed a limited amount of the smear zone contamination (at the water table surface).   
 

3.4 UST Decommissioning and Site Assessment 
A Limited Underground Storage Tank (UST) Assessment was performed in September 
2006, concurrent with the closure of one 50,000-gallon bunker fuel UST at 10 East Bruneau 
Street, Kennewick, Washington (Project #61768.00).  This project was required by the real 
estate agreement between Welch’s Foods and J. Lieb and is not a portion of the AO.  
Information concerning this project was added to the RI report, because if leakage had 
occurred, the scope of work concerning the RI could have been affected.   Previous 
assessment immediately adjacent to the UST suggested that no leakage from the UST had 
occurred.  The decommissioning/closure was performed by K. Kaser Company, with PBS 
environmental oversight.   
 
The UST formerly contained bunker fuel, which was pumped out prior to decommissioning.  
Natural gas lines close to the tank were moved to support the UST decommissioning 
project.  Soil sampling was completed around the tank base and in the stockpiled soil.  
Samples were analyzed for heavy oil, with no detection of fuel.  The UST was closed and 
removed from the site for disposal in September 2007.  The tank basin was backfilled with 
clean onsite soil and offsite structural fill after the project was completed.     
 

3.5 Remedial Investigation 
The RI was completed for the site in April 2008.  To support the RI, three monitoring wells 
were completed on the subject property at locations approved by WDOE.  One upgradient 
well (MW #1) was completed immediately southwest of the location where the heating oil 
was released.  A second well (MW #2) was completed immediately north of the center of the 
office, to the north and downgradient from the contaminant release point.  The third well 
(MW #3) was completed to the east of the office and northeast of the location of the 
contaminant release point.  The first quarter of sampling was completed in the wells as a 
portion of the RI, with no contamination identified.    
 
The RI evaluated the movement of the contaminant in groundwater and noted that the 
bunker fuel is hydrophobic and does not tend to move significant distances in the 
groundwater.  At the site, the contaminated plume was judged to have moved approximately 
14% of the distance that groundwater had travelled in the same time frame.  The RI 
revealed no more elements of risk, other than those already known from previous 
assessments.   
 
The RI recommended three more quarters of groundwater monitoring to be completed 
concurrently with the FS to provide further information concerning the site and contaminant 
behavior.  
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3.6 Quarterly Monitoring Concurrent with the Feasibility Study 
Three wells were established on the subject property, with the first round of groundwater 
monitoring completed for evaluation in the RI.  Three more quarters of groundwater 
monitoring have occurred during the completion of the FS.  The monitoring concurrent with 
the FS is considered a “good faith” effort by Welch Foods to aid in characterizing the site 
and providing maximum support for the results of the FS.  Four quarters of monitoring 
results are provided in Table 2. 
 

4.0 NATURE AND EXTENT OF CONTAMINATION 
 

4.1 Soil Quality 
According to the Soil Survey for Benton County, Washington, the area of the subject 
property is underlain predominantly by Finley fine sandy loam soils.  The Finley soils are 
well drained and underlain by gravel.  The soils encountered during drilling and excavation 
consisted of sand, gravel, cobbles and boulders, with minor silt.  All of the soils at the site 
appear to be of alluvial origin, with larger well rounded gravel and, in places, well stratified 
by the action of water.  The soils are formed from loess (wind deposited fine sand) and 
basalt.   

 
The soil zones encountered at the site include the surface soil consisting of the upper 2 feet 
of soil (A Horizon).  Beneath the surface soil is the vadose zone (unsaturated), which 
includes mainly gravel and sand and less organic material than is characteristic of the 
surface soil.  At the site the third zone is the smear zone or bunker fuel contaminated zone 
(saturated or periodically saturated).  During earlier stages of contamination, fuel traveled 
through the soil on top of the water table, and as the water table elevation changed the fuel 
was deposited vertically through a shallow layer of soil representing the change of water 
table elevation through the years, becoming a smear zone.  Based on a series of 
groundwater table elevation measurements throughout 2008 (changes in water table 
elevation mainly due to seasonal irrigation water influx), the thickness of the smear zone 
was measured at approximately 2 feet.   
 
A deeper layer of soil is present below the water table referred to as the saturated zone.  
Results of drilling and well construction indicate that the deeper soil layers are medium 
through coarse grained sand and gravel. Since the free product floated on top of the water 
table, with little soluble components detected at the time of sampling, little contamination 
impacted the deeper portions of the saturated zone.  Lighter or dissolved hydrocarbons 
have never been detected during soil or groundwater sampling on the site. 
 
During the Phase II in July 2006, soil contamination was detected in Boring #4, 
approximately 15 feet north of the point of release.  Contaminated soil was also detected 
and extensively removed during the subsequent Interim Remedial Action.  The Interim 
Remedial Action was designed, in part, to lessen the free head of oil over water and reduce 
the possibility of further oil migration.  During the Interim Remedial Action approximately 
2,261 gallons of oil (not including soil) was removed from the site, significantly reducing risk 
and the probability that oil is continuing to advance in the groundwater system, and 
providing for clean soil on the site above the water table.   

 
4.2 Groundwater Characteristics and Quality 
Groundwater has been sampled from borings and wells throughout the site to assess the 
impacts of site contamination on groundwater quality (see Table 2).  The groundwater was 
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tested for each of the contaminants listed in Section 4.5.  Water quality results evaluated 
during the quarterly 2008 groundwater tests are non-detected for all constituents except 
pyrene in MW #1 – quarter 4.  The Method B Reference cleanup standard for pyrene is 480 
ug/l and the result in MW #1 is 0.11 ug/l.  The pyrene result is too low to cause concern. 
There is a strong possibility the pyrene source is from upgradient (and not from the site) due 
to the upgradient location of MW#1, and upgradient industrial sites.   Other parameters 
indicated during the 2008 monitoring period included pH (7.31 to 7.70); conductivity (502 to 
636 micromhos/cm) and temperature (17.4 to 20.20 Centigrade).  These water quality results 
are not out of range of what would be expected in other groundwater in the area.    
 
It is understood from the UST site assessment completed on the subject property that 
groundwater and soil contamination is present (Limited UST Assessment, PCBs Inspection 
and Well Water Review at Welch Food’s, 10 East Bruneau, Kennewick, WA; PBS Project 
#61396.00; August 16, 2006).  Results of that assessment indicated 16,000 and 20,000 ug/l 
diesel and oil, respectively, in groundwater in Boring #4.  In Boring #7, 1,300 and 1,700 ug/l 
diesel and oil, respectively, were detected in groundwater.  Both results exceed the 
groundwater cleanup levels for the diesel and oil constituents listed in Table 1.   
 
The groundwater contamination detected during the August 2006 UST site assessment was 
strongly suspected of consisting of small globules of oil knocked loose and released into 
water from the soil when the smear zone soil was disrupted by drilling and soil sampling.  
Based on the results of quarterly sampling, PBS does not feel that, at this time, undisrupted 
groundwater flowing under the site has any free globules of oil in transit with groundwater. 
 
In other areas of Kennewick and Richland, studies have shown the unconfined groundwater 
to be impacted with arsenic.  Based on knowledge of the area and a review of other area 
well logs concerning the unconfined groundwater, PBS suggests that the unconfined water 
table aquifer is a non-potable water source.  A review of wells in the area does not indicate 
any domestic water sources using the unconfined groundwater (see Appendix D - area well 
logs).   

 
A limited pump test completed concurrent with the FS indicates groundwater hydraulic 
conductivity at the surface of the unconfined aquifer is approximately 0.36 
centimeters/second or 0.71 feet per day.  This is higher hydraulic conductivity than 
estimated for the RI and signals a greater possibility of potential contaminant movement.  
See Appendix B for hydraulic conductivity information.  

 
Confined aquifers are present beneath basalt and sediment under the subject property. One 
production supply well, which is used to supply water for onsite food processing is located 
west of the Boiler Building and immediately adjacent to the zone of contamination. Well 
construction data indicates the well is 548 feet deep, with un-perforated casing to 365 feet 
below ground surface in basalt bedrock.   Six pounds of artesian pressure is present at the 
well head.  Laboratory analytical data was provided to PBS by Welch Foods, with analysis 
for inorganic chemicals, synthetic organic chemicals, metals, pesticides, herbicides, 
petroleum chemicals, volatile organic chemicals, trihalomethanes, semi-volatiles, PCBs and 
dioxins (PBS Project #61396.00).  Detected constituents included fluoride (0.9 mg/l), sulfate 
(50 mg/l), sodium (100 mg/l), hardness (11 mg/l), total dissolved solids (319 mg/l), 
conductivity (503 micromhos/cm) and turbidity (0.5 NTUs); all results are within regulatory 
MCLs.  The detected dioxins constituent (2,3,7,8 – TCDD) was at a concentration of 
203.597 picograms/liter in the production well; this can also be written as 203.597 x 10-15 
grams/l.  EPA Region 9 Preliminary Remediation Goals (PRGs) indicates that the dioxins 
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screening level in groundwater is 4.5 x 10-7 grams/l, suggesting that dioxins levels within the 
well are safe.  All of the other indicated results are non-detect for all constituents.  The 
confined aquifer is considered a potable water system. 
 
No production well water contamination issues are suspected.  Positive pressure in the 
water supply suggests that it would be very difficult for contamination outside of the well 
casing to enter the artesian water supply (negative or neutral pressure would be required for 
liquids from outside the casing to enter the system). 

 
4.3 Surface Water Characteristics and Quality 
The Columbia River is the closest surface water to the subject property (2,000 feet north) 
and is considered non-potable without treatment.  Surface water characteristics are not 
applicable to the site or the FS since no surface water is close to the site and no storm 
drains on the site drain to the river. 

 
4.4 Air Quality 
Due to the low volatility of the fuel product, no air quality issues are expected from the heavy 
oil release. 
 

4.5 Analytical Methods for Contaminant Characterization 
Analytical procedures were performed as indicated in Section VII (3) of the AO and as listed 
below.  Testing was designed to determine whether the following hazardous substances 
have been released: benzene, toluene, ethyl benzene, xylenes (BTEX), other petroleum 
products, carcinogenic polycyclic aromatic hydrocarbons (PAHs), and napthalenes. 
Petroleum products were tested through Northwest total petroleum hydrocarbons – diesel 
method (NWTPH-Dx and NWTPH-Dx Extended).  The list of constituents and analytical 
procedures is provided below: 
 
Constituent    
Petroleum Products (Oil)  EPA Method 8015M (NWTPH-Dx) 

Proposed Analytical Procedures 

Petroleum Products (heavy oil) EPA Method 8015M (NWTPH-Dx Extended) 
Benzene    EPA Method 8021B 
Toluene    EPA Method 8021B 
Ethyl benzene    EPA Method 8021B 
Xylenes    EPA Method 8021B 
PAHs     EPA Method 8270C 
Napthalenes    EPA Method 8270 SIM 
 

5.0 CONCEPTUAL SITE MODEL 
Data collected during the RI, previous assessments and the interim remedial action provide the 
information necessary to understand the nature and extent of contamination and potential exposure 
to human health and the environment in the area of the site.  This section synthesizes the available 
data into a conceptual site model (CMS) of contaminant occurrence, movement and potential 
exposure.  The conceptual site model is presented and serves to translate available physical, 
chemical and biological data into a representation of site conditions.  The model serves as a useful 
aid to the development of cleanup standards and cleanup action alternatives as the subject of this 
FS (see Table 4). 
 
A CSM describes the known or suspected source of contamination, considers how the 
contaminants are likely to migrate (pathways), and identifies who is likely to be affected by the 
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contaminants (receptors). In order for risk to be present at the site, a source must be present, 
pathways must be complete, and receptors must be present. Current conditions as well as future 
conditions must be considered in the CSM. The risk is evaluated for each contaminant of interest to 
determine whether risk is present at a site. Table 4 presents a preliminary graphic CSM for the site, 
based on current information. 
 

5.1  Source Characterization 
The fuel release at the site appears to be mainly heavy oil that had occurred from one area: 
the two 12,000-gallon USTs formerly located immediately west of the southwest corner of 
the Boiler Building.  The bunker fuel was released prior to the mid-1980s, when the two 
tanks were removed from the site.  All of the soil contamination was removed immediately 
below the former location of the tanks during the “good faith” Interim Remedial Action (PBS 
Project #61405.00).   Having migrated there from the former source, some petroleum 
product remains present at the site, with the greatest amount found in the smear zone on 
top of the water table.   

 
5.2  Impacted Media 
The CSM focuses on contamination of soil and groundwater as the impacted media arising 
from the release of petroleum fuels.  The presence of impacted media at the interface 
between groundwater and soil is the driving force behind this FS.  Drilling and excavating at 
the site has provided information concerning the extent of the fuel product contamination at 
the surface of the groundwater table beneath the site.  The plan view size of the 
contamination zone ranges from 1,900 to no more than 4,000 square feet (Figure 2).  The 
plume of contamination is likely elongated toward the north/northeast due to groundwater 
flow direction (determined by four quarters of monitoring).  The impacted media is located in 
a two-foot vertical contamination zone beginning at 20 feet below ground surface.   
 

5.3 Characteristics of the Released Fuel Product 
Bunker fuel is the hazardous substance along with a lesser amount of diesel grade fuel 
(apparently used to improve fuel flow), with testing indicating that no benzene, 
ethylbenzene, toluene or xylenes (BTEX) or other lighter grade constituents are present.  
Although bunker fuel can be hazardous, it is usually not considered dangerous waste as a 
released product in accordance with WAC 173-303.   
  
The previously described heavy petroleum hydrocarbon has the characteristics of a “light 
non-aqueous phase liquid” (LNAPL) and can be described as both a free and residual 
product.  MTCA describes LNAPL as a hazardous substance that is present in soil, bedrock, 
groundwater or surface water as a liquid not dissolved in water.  LNAPLs and other 
petroleum products are complex mixtures of organic (carbon-based) molecules with slight 
solubility in water.  The petroleum product at the subject property is expected to be 
composed mostly of molecular structure incorporating 16 through 34 carbon atoms per 
molecule.   Bunker fuel (#6 fuel oil) is known as a complex mixture of paraffinic, olefinic, 
naphthenic and aromatic hydrocarbons and probably expresses greater variability than most 
light grade fuel.  The designation of “light” indicates that the product is less dense than 
water, not of low molecular weight.   
 
The specific gravity of Bunker C is approximately 0.97, which is less than water, and 
explains why most of the fuel was found floating on groundwater and mixed in with a soil 
smear zone caused by yearly groundwater table elevation changes.  Viscosity of the product 
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is very high, with a very low surface tension.  The difference in surface tension between the 
fuel and water is a factor indicating why the two liquids will remain separate from each other. 
 
Mostly residual product is present at the subject property.  Residual product is fuel trapped 
in soil in an unsaturated condition, while free product infers product soil saturation, with the 
ability to move through soil or groundwater.  Residual product can still be mobile in that its 
location in the smear zone can provide a source for water soluble volatiles to be released to 
groundwater.  Residual fuel volatiles released to groundwater did not appear to be occurring 
on the site during the site characterization period (since no volatiles were detected in 
monitoring well water samples).   Since no volatiles or soluble components have been 
detected in the groundwater or adjacent soil, the visible extent of the oil appears to be the 
full extent of contamination.   

 
5.4 Exposure Assessment 
This section identifies potential human and ecological exposures to contaminated media at 
the site.  Consistent with WAC 173-340-350, this section identifies exposure scenarios that 
will assist in the selection of a cleanup action.  It is understood that cleanup actions 
developed during the FS must “protect human health and the environment (including, as 
appropriate, aquatic and terrestrial ecological receptors)”.  In order to evaluate cleanup 
actions, the cleanup standards must be determined.  As outlined in WAC 173-340-700, and 
in order to address the cleanup standards the following issues must be addressed: 
 

• Nature of the contamination 
• Potentially contaminated media 
• Current and potential land and resource uses 
• Transport 
• Current and potential receptors 
• Current and potential pathways of exposure 

 
The nature of the contamination and impacted media (bullets #1 & 2, above) were 
previously described in Section 5.  The CSM illustration is available to illustrate potential 
exposure pathways present at the site (see Table 4). 
 

5.4.1 Current and Potential Land and Resource Uses 
An initial aspect of exposure assessment addresses current and potential land and 
resource uses (bullet #3 above).  Cleanup levels must be derived from reasonable 
maximum exposures, defined as the “highest exposure that is reasonably expected 
to occur at the site under current and potential future site use”.  This section 
describes the current and future potential uses of resources where contaminated 
media are known or suspected to be present.  The resources under consideration 
here are land, groundwater, surface water and sediment.   
 
The contaminated zone lies within the boundaries of the current J. Leib (former 
Welch Foods) processing facility.  A small amount of smear zone contamination was 
present outside the fence in the railroad right-of-way, immediately to the south of the 
former tanks location.  Local groundwater flow direction does not support further 
groundwater contaminant travel to the south onto the railroad area.  No other off-
property areas are expected to be contaminated.  The entire area is zoned industrial.  
The general public is not allowed above the area of contamination, either on the J. 
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Lieb site (fenced area) or the railroad right-of-way.  The highest and best potential 
use of the area remains industrial.  Future use is expected to remain industrial. 

 
Groundwater is contaminated with heavy oil within the smear zone under the site.  
Generally the highest and best use of groundwater is as a source of drinking water 
(WAC 173-340-720).  However the unconfined aquifer in the impacted area is not a 
current source of drinking water, nor will it be a likely source in the future.  Section 
4.2 describes a production well within or very near to the zone of contamination that 
is used to provide a source of water for food processing.  As indicated earlier, this 
well is completed in a deep basalt confined aquifer, with upgradient charging that 
produces artesian conditions.  In accordance with WAC 173-340-720 the unconfined 
contaminated groundwater does not serve as a source of drinking water anywhere in 
the area (Appendix D).  In addition, it is unlikely the contaminant will be transported 
from the site to other current or potential future sources of drinking water.  Monitoring 
wells at the site have been tested for one year, with no indication that the current 
contamination is going to move past those wells (or offsite north/northeast).  Due to 
the LNAPL and low volatility nature of the product it is also unlikely that the product 
will mobilize deeper in the aquifer.  In support of institutional controls, future use in 
contaminated groundwater zones are protected by rules that require that new wells 
cannot be constructed within contaminated zones; minimum setback distances are 
required (WAC 173-340-171). 

 
No surface water is available within ¼ mile of the subject property, with the closest 
source the Columbia River, to the north.  The Columbia River is defined in WAC 173-
201A as a Class A river, which indicates protection of the river is a high priority.  
Sampling of monitoring wells for nearly a year indicates that no observed 
contaminant movement toward the river is occurring. 
 
5.4.2 Transport Mechanisms 
Transport (bullet #4, above) is first considered from the release point at the base of 
the tank, through the vadose zone to groundwater.  A review of the earlier Phase II 
report indicates that contamination is present as a smear zone on top of groundwater 
at the former location of Boring #4.  Under the influence of gravity, some of the 
released tank contents percolated down to the surface of the water table and 
traveled with groundwater.  With the release and assumed contaminant-saturated 
vadose zone pore space, the excess free product migrated freely to the underlying 
groundwater and contaminant smear zone.  With the Interim Remedial Action 
completed to, and successful in removing, the excess vadose zone pore space 
product, the remaining contaminant is in the smear zone.  The residual 
contamination is therefore assumed to be immobile and movement with groundwater 
may not be likely.   
 
The 2008 groundwater flow directions were calculated and indicated to vary from 
approximately North, 4 degrees East to North, 47 degrees East.  The groundwater 
slope or gradient was approximately 0.07 feet/100 feet.  No pump tests or slug tests 
were completed for the RI.  In order to help evaluate transport by groundwater for the 
FS, a limited pump test was performed on the site in MW #2.  The test indicated 
faster groundwater flow than had been estimated during the RI (3.6 X 10-1 
centimeters per second).  Using Darcy’s Law, new information from the pump test 
suggests that in 1.55 days groundwater is moving one foot (see Appendix B).   
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At a high end estimate, the oil has travelled less than 2% of the distance water has 
travelled in a similar time frame.  Water is a polar molecular substance and oil is non-
polar.  The non-polar oil is hydrophobic with respect to water and tends to form round 
globs of oil in water.  The globs of oil are not caused by internal cohesive forces (like 
surface tension in water) within the oil, but, rather represent the fact that the oil is 
hydrophobic.  The hydrophobic oil tends to form a bond (or adhesion) with the soil 
and rock, with the soil providing a “refuge” from the polar water molecules, 
supporting non-movement of the product.   
 
In effect, the soil forms a sieve, binding the oil away from the water and restricting 
the distance the oil has migrated.  Although the oil obviously travelled north of Boring 
#4, RI and FS information indicates (based on MW #2 & #3) it could have travelled 
no further than 70 feet north/northeast of the release site.   
 
Any dissolved components of the oil (for example BTEX) would travel approximately 
as fast as the water; RI and FS analytical results for volatile and semi-volatile 
substances indicated that currently, no such soluble substances were detected (see 
Table 1).   A year of quarterly monitoring and groundwater flow direction analysis 
continues to suggest that no further oil movement is occurring and that volatile 
components are not present.  

 
Another contaminant transportation issue concerns volatile movement through air.  
This issue could be exacerbated by basements in the area of the release.  If soil 
based air pressure gradients support transport through soil, low pressure zones in 
basements or other buildings could cause flow of volatiles to the structure.  Another 
method of volatiles transport can occur if groundwater is pumped from a well, the 
decrease in pressure that accompanies using a faucet releases volatiles into the air 
within a building.  Since the product at the site is heavy oil, does not volatilize in air, 
and no volatiles of any kind were detected, no transport or impact by soil gas or air is 
expected on or near the site.  

 
5.4.3 Potential Human Receptors 
For the purposes of this exposure assessment (a portion of bullet #4, above), 
receptors and receptor activities are identified based on the highest beneficial use of 
each resource, as required in WAC 173-340-708.  This section discusses human 
receptors that may be present at the site, based on the beneficial uses identified in 
the previous section and observed in the area of the subject property.  Human 
receptors fall into several categories, including industrial workers, residential 
population, excavation workers and groundwater users.   
 
Since the source of the contamination is located at 20 feet below ground surface in a 
smear zone at the top of the groundwater table most of the previously mentioned 
receptors are unlikely to be exposed to contamination.  With the oil source 
apparently not mobile (based on four quarters of groundwater monitoring), the 
categories of receptors are further reduced.   
 
Excavation or utility workers generally would not excavate to the depth necessary to 
encounter the contamination present at the site.  Industrial workers on and off of the 
site would also not encounter the contamination only present at depth.  Likewise, the 
contamination is not likely to reach the Columbia River, and river receptors, since the 
product is not moving with groundwater.   
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5.4.4 Potential Ecological Receptors 
Under WAC 173-340-7490, a terrestrial ecological evaluation (a portion of bullet #1, 
above) must be performed unless conditions allowing exclusion of such evaluation 
are met.  Under WAC 173-340-7492(2)(a)(ii) a Simplified Terrestrial Ecological 
Evaluation – Exposure Analysis was completed (see Table 5). 
 
The contamination is deep enough that no ecological receptors would be likely to 
have direct contact with, or ingest the contaminant.  The contaminant does not 
appear to be moving with groundwater so it is unlikely that receptors in the Columbia 
River would be in contact with the contaminant.  There are no onsite storm water 
collection systems or unlined ditches that are developed deep enough to collect and 
transmit contamination to the river or other receptors.  No surface contamination was 
present at the site and known contamination is not considered to have effects on 
surface water; therefore, there is no risk of ecological exposure via surface water. 
 
A score comparison, with the use of Table 749-1 (in the MTCA Statute and 
Regulation; Publication #94-06; November 2007) is provided as a WDOE score 
sheet (Table 5).  The table results are dependant upon the factors indicated in this 
paragraph.  No undeveloped land is present in the area of the site, with the land use 
in that area all industrial and commercial.   To properly address the site, the habitat 
rating is indicated to be high, with the likelihood to attract wildlife figured to be high.  
In addition, none of the contaminants of concern listed under #5 of Table 5 are 
known at the site.  The accumulated number in Box #6 was larger than the number 
indicated in Box #1, so a further terrestrial ecological assessment is not deemed 
necessary under WAC 173-340-7492 (2) (A) (ii).     

 
5.4.5 Human and Ecological Exposure Pathways 
Several exposure pathways (bullet #6, above) involving human or ecological contact 
occurrence and an internal toxicologic reaction are considered.  Contact is through 
three potential mechanisms including dermal/direct contact, inhalation and ingestion.  
Ingestion and dermal contact are the most probable methods of exposure to oil 
contamination.  The contaminant is considered moderately irritating to the skin from 
prolonged exposure and can cause intoxication symptoms from respiratory 
exposure.  Ingestion can cause excitation, loss of consciousness, convulsions and 
hemorrhaging.  The contaminant is toxic and not considered a carcinogenic 
substance.    
 
At the site, dermal contact could occur to a contractor excavating through an oil 
contaminated zone.  This form of dermal contact is unlikely because of the depth of 
the remaining product (at groundwater elevation – 20 feet below ground surface).   
 
Ingestion of contaminant at the site is unlikely because the onsite well is artesian and 
pressurized, completed into a deep basalt aquifer.  Tests of the well water quality 
indicate no contaminants are present.  Another aspect of ingestion, direct ingestion 
of contaminated soil is not possible due to the depth of contaminant burial. 
 
Inhalation is possible by breathing in volatile substances only.  With the contaminant 
at this site containing no volatile components such exposure is not considered likely.  
Further discussion of volatile transport is discussed in Section 5.4.2, above.   
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5.5 Cleanup Levels 
Cleanup levels under WDOE - MTCA are defined as the concentration of hazardous 
substances that are protective of human health and the environment under exposure 
conditions.  MTCA provides three methods for developing cleanup levels of soil, groundwater 
and surface water: 
 
1) Method A defines cleanup levels for 25 common chemical and is generally designed for 

routine cleanups. 
2) Method B determines cleanup levels at sites using a site-specific risk assessment with 

cancer risk levels established at 10-6 for individual carcinogens and 10-5 for total site risk, 
and non-cancer risk at or below a hazard index of 1. 

3) Method C determines cleanup levels for specific site uses (i.e., industrial) using site-
specific risk assessment when Method A and B levels are technically impossible to 
achieve. 

 
Remedial action on the site is dependant on the analytical methods used for 
characterization of contamination (see Section 4.5, above).  Since cleanup at the site has 
been routine, and the analytical scope of work detailed in the AO did not include analytical 
procedures for Extractable Petroleum Hydrocarbons (EPH) and Volatile Petroleum 
Hydrocarbons (VPH), our analysis focuses on using Method A cleanup levels.  Method A 
cleanup levels are designed by WDOE to be at least as stringent as each of the following 
concentrations: 
 

• Concentrations established under applicable state and federal laws 
• Concentrations that protect human health 
• Concentrations that protect the environment (terrestrial ecological receptors) 
• Concentrations that protect groundwater quality 
• Concentrations that protect air quality. 

 
To a lesser degree Method B Formula Values from the Cleanup Levels and Risk 
Calculations under the Model Toxics Control Act Cleanup Regulation; Publication #94-145

 

 
(CLARC) were used to assess contaminants not listed under Method A.  The CLARC values 
listed in Table 1 represent mostly volatile and semi-volatile constituents, with few of those 
constituents detected at the site during the RI, FS and previous investigations. 

Although reviewed for reference, the Workbook for Calculating Soil and Ground Water 
Cleanup Levels under the Model Toxics Control Act Cleanup Regulation, Users Guide, 
Publication #01-09-073 

 

was not used to support cleanup calculations.  As indicated above, 
soil and groundwater cleanup levels for the direct contact pathway, leaching pathway and 
vapor pathway were evaluated by the less site specific and more stringent Method A cleanup 
levels.   See Table 1 for a summary of cleanup levels applicable to the site and analytical 
methods used. 

5.6 Points of Compliance 
The points of compliance define the locations where the cleanup levels must be attained.  
The term includes both standard and conditional points of compliance.  Points of compliance 
are established for each environmental medium in accordance with the requirements and 
procedures set forth in WAC 173-340-720 through 173-340-760.  A discussion of the points of 
compliance is provided below, with the groundwater points of compliance most applicable to 
the site.  A soil point of compliance is discussed below.  Due to the nature, lack of migration, 
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depth, lack of volatility and the distance from surface water of the heavy oil contamination, no 
further discussion is provided for points of compliance related to sediment, air and surface 
water. 

 
5.6.1 Soil Points of Compliance 
Soil points of compliance for the soil exposure pathways must be considered, which 
include direct contact, soil leaching to groundwater, soil protection of vapor migration 
and protection of terrestrial species.  The standard point of compliance for soil is 
defined as throughout the site from the surface to 15 feet below ground surface.   
Due to the interim remedial action, no contaminated soil remains within 15 feet of the 
surface of the ground.  And, because no volatiles are involved, a soil point of 
compliance does not appear to be applicable to the site. 
 
5.6.2 Groundwater Points of Compliance 
Points of compliance will be set for groundwater.  The standard point of compliance 
for groundwater consists of the groundwater throughout the site from the uppermost 
level to the lowest depth that could have been affected by contaminants.  Although 
water and soil were disrupted at the time of sampling (with the water charged with 
oil), Boring #4 represents the location of onsite contaminated groundwater.  Boring 
#4 represents the best location for the groundwater point of compliance, but it is 
impractical to use that location as such, since no well is present there to provide 
continuing monitoring.   
 
A conditional point of compliance can be set for groundwater where it can be 
demonstrated that it is not practical to meet the cleanup levels throughout the site 
within a reasonable restoration time frame (WAC 173-340-720); the site represents 
such a condition.   
 
The on-property conditional point of compliance must be established as close as 
possible to the source of the hazardous substance, but must not exceed the property 
boundary.   The on-property conditional point of compliance is conditioned on use of 
all practical methods of treatment at the site.  The alternatives considered in Section 
6 are conditioned on the use of an on-property point of compliance.         
 
Based on the existence and location of the onsite monitoring Wells #2 and #3, and 
more (and more accurate) groundwater analytical results collected from them than 
Boring #4, Wells #2 and #3 are the preliminary chosen points of compliance.  Wells 
#2 and #3 also represent a more restrictive location than the downgradient property 
boundary.     

 
6.0 REMEDIAL MEASURE EVALUATION PROCESS AND SELECTION 
This section describes the remedial measure evaluation and selection for contaminated 
groundwater and soils at the former Welch Foods facility. The purpose, in support of the FS, is to 
develop and evaluate cleanup action alternatives to enable a cleanup action to be selected for the 
site.   Further, the purpose is to protect human health and the environment by implementing an 
effective alternative.  The technologies and process options identified for each general response 
action will be subjected to an initial evaluation (screening) to reduce the number of potential 
remedies.      
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6.1 Remedial Action Alternative Descriptions and Preliminary Screening 
Remedial action measures for the contaminated zone in the groundwater smear zone are 
provided below.  Because, in many cases, it seemed more practical to combine certain 
aspects of some alternatives, sub-alternatives may be combined to create the alternatives 
listed below. 
 
Several alternatives were screened, but not considered viable enough to be discussed for this 
FS.  One such alternative was Natural Attenuation, requiring implementation on a geologic 
time scale to naturally break down the contaminant. No pumping based alternatives (without 
chemical or physical modification of the contaminant) are considered either, because the 
hydrophobic and viscosity effect of the fuel remaining strongly tied to the soil would not 
support pumping.  One of the alternatives not described fully because it involves pumping is 
air stripping; few if any volatiles are present in the contaminant and the oil would foul the 
stripper plates.  Another pumping alternative is the use of a well based skimmer system that 
would capture and remove the floating fuel product; due to the fact the fuel is bound to the 
soil, this system is not expected to work.  Insitu soil venting through sparging technology was 
reviewed, but not considered viable because the contaminant (at depth) would not be 
exposed to enough oxygen for breakdown.   
 
Biological breakdown of the oil was strongly considered.  Biological activity is capable of 
aerobic oxidation of some oils.  Common oxidation use, of course occurs when petroleum 
product is combusted to power our vehicles.  Deep in the rock formations oil reservoirs occur, 
with little or no breakdown of the oil due to biological activity.  Most of the bacteria at that 
depth are anaerobic and do not use oxygen for respiration; anaerobic bacteria do not attack 
the oil.  This is noted by the fact that crude oil (in a low oxygen environment) stays 
unchanged for millennia without alteration by bacteria.  No oxygenation occurs at depth, 
which does not allow aerobic breakdown of the oil.   
 
PBS explored biodegradation and found remediation scenarios where this action has 
occurred on heavy oil in exsitu techniques.  Bench testing and pilot testing has been most 
successful using the aerobic Rhodococcus strains of bacteria, with addition of manure, 60-60-
90 fertilizer, heat (to just below 272 0 C) and multiple applications.  Subsequent breakdown is 
furthered by growing Avena Salvia (oats), as a phytoremediation technique, following the 
stages of Rhodococcus breakdown.  Graphs show that up to 75% of the heavy oil can be 
remediated. 
 
PBS has screened out the bioremediation methods because they are exsitu (if we have to dig 
out the contamination, it is much less expensive to just take it to an acceptable landfill), it 
requires many applications and significant heat energy.  Finally, it has never completely 
removed all of the contaminant.  
  
The descriptions of the more fully evaluated alternatives are provided below: 

 
6.1.1 Alternative 1: No Action (No further Action) 
A “No Action” alternative is evaluated as a remedial action alternative. Alternative 1 
would involve no further remedial action activities and no institutional controls. Under 
this alternative, current conditions at the site would remain without any change, 
without restrictions being placed on future operations or redevelopment and with no 
further remedial costs incurred.  
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6.1.2 Alternative 2: Excavation and Disposal 
An abbreviated deployment of this alternative has already been implemented as a 
“good faith” source control action for removal of 516 cubic yards of contaminated soil 
(Interim Remedial Action – PBS Project #61405.00).  Further excavation of 
contaminated soil from within the soil/groundwater smear zone is considered for this 
alternative, beyond the earlier applied action.  Alternative 2 involves removal of the 
Boiler Building, gas line infrastructure and Office Building from the site so that further 
excavation of the smear zone can take place.  The excavated contaminated soil 
would be shipped offsite to a MTCA approved landfill for final disposal.   
 
6.1.3 Alternative 3: Contaminant Monitoring Barrier Wall 
This alternative combines several actions designed to maximize isolation and 
monitoring of contamination that exists in the soil/groundwater interface.  The 
combined use of source control, a downgradient barrier wall with monitoring wells 
and institutional controls seems to combine a group of alternatives into a potentially 
usable course of action.  Alternative 3 presents a group of engineering controls for 
monitoring and controlling isolation of the contaminant.  
 
With the removal of various site infrastructure, a semicircular excavation to several 
feet beneath the elevation of groundwater, with the installation of a barrier wall would 
reduce the possibility of contaminant migration.  A driven sheet piling wall with 
monitoring ports could be a possible (but unlikely) alternative to excavation 
installation.  The wall could be constructed, with the upgradient edges of the 
soil/water interface slightly upgradient and/or cross gradient from the contaminated 
area, supporting isolation of the contaminant.  The base of the wall would need to be 
several feet below groundwater table elevation to discourage movement of 
contaminant under the wall (see Figure 3). 
 
The semi-circular wall would cause an obstruction in groundwater flow and make it 
necessary for water moving downgradient on the upper side of the wall to either go 
around the wall laterally or move down and under the wall.  The change of direction 
required to redirect groundwater would cause a slightly higher elevation of 
groundwater on the upper side of the barrier.   
 
Product floating on water (the heavy oil contaminant) could breach the wall at three 
locations.  Either the contaminant will go under the downgradient center of the wall, 
with water forced to flow down and under at that location, or the water and 
contaminant would back up behind the wall and flow around either or both of the 
upper lateral ending points of the wall.   In order to make sure the contaminant does 
not flow downgradient, periodic monitoring would occur in the three wells installed in 
the wall (Figure 3).   
 
The wells would be established and built into the barrier wall during the wall 
construction phase and would not be put in with a drill.  The central downgradient 
well would be established to a depth of approximately 1-foot below the base of the 
wall, with screened interval from the base to the top of the wall.  The other two wells 
would be established to the base of the wall, with screened interval throughout the 
depth of the wall.  The elevation of all aspects of the wall would be known in relation 
to the wells.  The wall would be built to take into consideration yearly changes in 
groundwater table elevation.  If contaminant showed up in the screened interval 
below the base of the wall in the downgradient well, it would be known that 
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contaminant is moving under the wall and downgradient.  If contaminant showed up 
in the screened interval anywhere in either of the lateral wall end point wells, it would 
be known that contaminant was escaping downgradient around the outside edges of 
the barrier wall.  With this monitoring protocol, monitoring of existing wells would 
probably be used for assessment of groundwater flow direction only.  Institutional 
controls could also be a portion of this alternative to protect the wall.   
 
Source control is proposed to limit water percolation into the contaminated zone to 
further isolate and ensure no further contaminant movement with groundwater.  The 
final expression of source control would be to pave the area above the contaminated 
zone and allow no further infiltration to groundwater in that area, as water infiltration 
could increase the possibility of downgradient contaminant movement. 
 
6.1.4 Alternative 4: Long Term Monitoring 
This monitoring would involve testing of the existing monitoring wells on the site and 
not follow the monitoring activities indicated in Alternative 3, above.  Given the 
direction of groundwater flow, any released contaminant could be detected at 
Monitoring Wells #2 and/or #3.  This alternative would probably also include use of 
institutional controls. 
 
As a “good faith” measure, Welch Foods has already initiated this groundwater 
monitoring action in a proactive manner to check downgradient groundwater for the 
potential migration of contaminants.  Quarterly monitoring in the three established 
wells was completed in January (as a portion of the RI) and during June, August and 
December 2008 (concurrent with the FS).  Results of the groundwater monitoring do 
not indicate any contaminant movement to the three wells.  Results also indicate 
groundwater flow directions in a north to northeast direction.  See Table 4 for 
detailed monitoring results. 
 
6.1.5 Alternative 5: Institutional Controls 
This alternative includes the placement of restrictions on the subject property which 
would disallow shallow water well installation, deep excavation into the groundwater 
smear zone and any other activity that would cause contact with contaminated soil or 
groundwater.  Common institutional control protective elements include deed 
restrictions and restrictive covenants.  Institutional controls would most likely be a 
component of most of the other listed alternatives.  Institutional controls are currently 
supported by WAC 173-340-171 that mandates well setbacks from contaminated or 
potentially contaminated zones. 
   
6.1.6 Alternative 6: Biodegradable Solvent/Oxidant Remediation  
The biodegradable solvent/oxidant remediation system has been used in the past to 
remove low volatility hydrocarbons from soil; it has not been thoroughly tested in 
groundwater.  Wells into the contaminant zone would need to be completed to allow 
an avenue for solvent placement and contaminant removal.  This system would use 
a biodegradable solvent, such as isopropyl alcohol to dissolve and reduce the 
viscosity of the fuel product.  It is expected that this remedial method could work in 
groundwater and reduce the hydrophobic bond to soil, allowing the fuel to mobilize 
(with water) and be pumped from the groundwater system.  A supporting action may 
also include modification by the addition of an oxidant such as hydrogen peroxide.  
The oxidant supports aerobic bacterial degradation, degrading the fuel to less 
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harmful product.  The resulting product may become amenable to pumping from the 
groundwater to surface containers for further remedial action or separation.   

 
6.1.7 Alternative 7: Thermal Steam Technology 
Thermal Steam Technology has been proven for use in the oil and gas industry for 
crude oil product removal.  Super-heated water as steam is injected into the well 
heating soil and groundwater in the oil-containing zone.  Heating the crude oil 
releases volatiles that were not amenable for removal at indigenous rock, soil and 
groundwater temperatures.  Vacuum - applied to some wells - further enhances 
volatile removal (this use for Thermal Steam Technology is not applicable to the 
site). 
 
Volatiles removal is not the only element of Thermal Steam Technology.  In addition, 
the steam lightens the heavy oil product increasing the difference in the specific 
gravity between the fuel product and water.  Steam also adds oxygen, with the 
potential to increase microbial aerobic activity.   Another effect of Thermal Steam 
Technology includes the breakdown of hydrophobic forces between the water and 
oil, occurring at or above 1100 Centigrade (2300 F) and allowing limited mixing of the 
oil and water (G.S. Hartley, 1936), which could enhance pumping removal of the 
product.  Floatation technology is often used at the surface for the pumped removed 
oil, as an oil concentrator.  
 
Another similar modification to this steam technology is the use of resistive heating to 
form the steam instead of pumping surface steam to complete the action.  Resistive 
heating may be an even better technology due to the ability to heat an entire area 
between electrodes instead of just injecting steam through single point well location.   
 
Steam technology could potentially support oil release from the soil and allow 
pumping.  The resistive heating could also release any volatiles held in the oil, for 
removal by vapor extraction or air stripping (if below the water table).   

 
6.1.8 Alternative 8: In Situ Chemical Oxidation 
In situ chemical oxidation apparently has been tested at other sites for the remedial 
action of #6 fuel oil released from tanks and located in soil above groundwater.  
Apparently favorable results were achieved in degradation of oil concentration and 
thickness.  This method is similar to 6.1.6 above, except that no surfactants are used 
and as such, less contaminant byproduct groundwater transport is expected. 
 
Chemicals such as sodium persulfate (NA2S2O8), activated and catalyzed by 
hydrogen peroxide (H2O2), are examples of oxidizers that could provide for the 
oxidation of the oil.  Fenton’s reagent and an induced hydroxyl radical through the 
use of iron (as Fe +3) can also be used to increase the oxidizing power toward 
accomplishment of this alternative.   
 
In the Massachusetts test case, six wells were installed within the contaminant zone 
for the injection of the chemical and monitoring of groundwater in the system.  The 
test case results suggested that more than 2/3 of the fuel oil was oxidized from the 
soil and the surface of the groundwater.  Gaseous emanations occurred and a vapor 
extraction system was installed to protect inhabitants of nearby basements; this 
action may not be necessary at the subject property (MECx test case). 
 



Focused Feasibility Study Welch Foods 
 Kennewick, Washington 

 

  
 August 2009 
 Project No.:  62465.00 

19 

In the Massachusetts case wells were monitored during the use of the oxidizers.  
Groundwater monitoring was provided for dissolved oxygen, pH, specific 
conductance, temperature, oxidation/reduction potential and static water level.  PBS 
suggests that other monitoring in groundwater could include: sodium, sulfate, nitrate, 
carbonic acid, pH, VOCs and biological oxygen demand.   
 
The oxidants act on the oil to allow dissolution, phase change and polarity switch.  
Often, one introduction of oxidizer is not enough, with more phases required to 
reduce the oil volume.  The approximately 18 carbon chain molecules require the 
use of multiple phases of smaller molecule oxidants to complete the job.   The 
oxidized soluble product is more amenable to aerobic bacterial breakdown in water, 
with the product also able to be pumped and removed through a pump and treat 
system. 
 
It also seems prudent that air quality monitoring should occur for gaseous 
emanations.  Monitoring for carbon dioxide, carbon monoxide, oxygen, sulfur dioxide, 
VOCs, volume of emanations and nitrous oxide could be reasonable.  Vapor 
extraction systems can be used concurrent with this installation to control 
emanations into basements.   
 
Oxidation would be a major way of the natural breakdown cycle for oil in an 
undisturbed system.  This method would speed up the natural cycle, which at this 
time is very slow.  PBS completed limited bench testing (Appendix E) to test the use 
of this technology for the Welch Foods site. 

 
6.2 Comparison of Remedial Action Alternatives 
This section includes a comparison of the alternatives in terms of the remedy selection 
factors, as required by WAC 173-340-350.  The alternative review process will provide 
evaluation in terms of protectiveness, permanence, long-term effectiveness, 
implementability, implementation risk and cost.  A final screening parameter incorporating 
“the degree to which community concerns are addressed” will be addressed after comments 
concerning the site are received.  The findings of the comparative evaluation are 
summarized below for each of the remedy selection factors.  
 

The overall protectiveness of each alternative is evaluated as follows: 
Protectiveness 

 
Alternative 1: No Action 
This alternative does not address future potential exposure pathways or reduce site 
contaminant concentrations.  This alternative would not provide for future protection 
through institutional controls or provide an avenue for future monitoring to check for 
contaminant movement with groundwater.  This alternative has the least 
protectiveness of the other alternatives. 

 
Alternative 2: Excavation and Disposal 
Further excavation of contaminated soil from within the soil/groundwater smear zone 
goes a step beyond the previously completed Interim Remedial Action.  Alternative 2 
involves removal of the Boiler Building, gas line infrastructure and Office Building 
from the site so that further excavation of the smear zone can take place. This 
alternative would certainly be effective at removing approximately 225 cubic yards of 
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contaminated smear zone soil, but it would not be effective at removing all of the 
remaining smear zone contamination.  It is the most protective alternative in that this 
action would remove the most contaminant.  

 
Alternative 3: Contaminant Monitoring Barrier Wall 
The Alternative 3 wall should be effective in isolating the motion of contaminant on 
top of groundwater (if it is not already stopped).  As planned, it would also be 
effective at monitoring the contamination and protecting the public through 
institutional controls.  This method would be very effective at signaling when further 
work to stop contaminant migration is necessary, but would require continuing 
monitoring for protectiveness.  

 
Alternative 4: Long Term Monitoring 
Long term monitoring (already initiated) is evaluated as a continuing protective 
action.  If properly planned, with well monitoring in a downgradient direction 
(Monitoring Wells #2 & #3), long term monitoring will test the effectiveness of any 
other alternatives or act as a test to determine if another primary alternative is 
necessary to prevent future potential contaminant migration.   By itself, long term 
monitoring will be effective at determining whether contaminant movement is 
occurring.  During the past year the ongoing monitoring has been effective in 
showing that no contamination moved downgradient to any of the wells during that 
period.  This action will only be protective for as long as it is in use. 

 
Alternative 5: Institutional Controls 
With no product movement under the site, PBS expects that institutional controls 
would be a valuable protective measure for as long as the controls are in place at the 
site.  This alternative could be effective at protection of receptors, human and 
ecological, but concurrent monitoring would probably be required.     

 
Alternative 6: Biodegradable Solvent/Oxidant Remediation  
Contaminated zone wells could be completed at the Welch’s facility to provide 
access for completing biodegradable solvent/oxidant remediation.  Applying a 
solvent and oxidant to the heavy hydrocarbon would support mobilization, making 
the product more pump-able for remediation above ground.  This technology could 
potentially be protective by reducing the total volume of contaminant, but could also 
make the contaminant more soluble with water and exacerbate downgradient 
movement, reducing protectiveness.     

 
Alternative 7: Thermal Steam Technology 
The Thermal Steam Technology method would involve releasing very hot steam in 
the contaminant zone or causing heating through resistive heating between 
electrodes.  This technology could potentially be protective by reducing the total 
volume of contaminant, but may also make the contaminant more mobile with water 
and exacerbate downgradient movement, reducing protectiveness.     
 
Alternative 8: In Situ Chemical Oxidation 
This technology could be protective by reducing the total volume of contaminant.  
This method would also form water soluble breakdown components of the 
contaminant and oxidizers, which, could affect downgradient groundwater chemical 
characteristics. 
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If secondary chemical impact based on excess oxidant and carbon chain byproduct 
release could be controlled, some protectiveness would be realized. 
 

The permanence of the contaminant destruction is evaluated for each alternative is as 
follows: 

Permanence 

 
Alternative 1: No Action 
This alternative provides no contaminant destruction beyond natural biodegradation.   

 
Alternative 2: Excavation and Disposal 
This alternative provides the greatest amount of permanence for final destruction of 
onsite contamination.  Not all of the contamination would be removed, however, even 
by this scenario.  A significant amount of contaminant removal and source control 
was already completed during the Interim Remedial Action (through limited 
excavation and disposal).   

 
Alternative 3: Contaminant Monitoring Barrier Wall 
Although Alternative 3 would provide for no further permanent destruction of 
contamination, this alternative provides the best regimen for monitoring and isolation.  
It would only be as permanent as the commitment to monitoring.  
 
Alternative 4: Long Term Monitoring 
Long term monitoring would provide no permanent destruction of contamination, but 
would be a favorable system for effectively monitoring to determine if the movement 
of contamination occurs.  This alternative has been effective for 2008 in determining 
that no further contaminant movement has occurred, and would be as permanent as 
the commitment to monitor.  
 
Alternative 5: Institutional Controls 
Institutional controls would provide no permanence of contaminant disposal or 
destruction, but would significantly improve risk at the site in concert with monitoring.  
This action would be as permanent a solution as the commitment to continence.  

 
Alternative 6: Biodegradable Solvent/Oxidant Remediation  
This alternative would undoubtedly provide some permanent destruction of 
contamination; probably not to the degree of Alternative 2. 

 
Alternative 7: Thermal Steam Technology 
If this alternative works it would cause some permanent removal of contamination; 
probably not to the degree of Alternative 2 or 6. 
 
Alternative 8: In Situ Chemical Oxidation 
This technology would permanently reduce the total volume of contaminant.  Any 
amount of contaminant oxidized would not be available for further contamination, but 
some secondary product contamination is expected.     
 

The long-term effectiveness of each alternative is as follows: 
Long-Term Effectiveness 
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Alternative 1: No Action  
The no-action alternative does not eliminate or reduce the potential for exposure.   
 
Alternative 2: Excavation and Disposal  
Further excavation of contaminated soil from within the soil/groundwater smear zone 
would have significant positive effect.  Since cleanup would be a one-time effort the 
results would be known early-on.  It would not be effective on removing all of the 
remaining soil and groundwater contamination, but would provide the most long-term 
effectiveness of all the alternatives.  
 
Alternative 3: Contaminant Monitoring Barrier Wall 
When all the other aspects of this alternative are implemented, Alternative #3 could 
have favorable long-term effectiveness by supporting monitoring and isolation.  This 
action would be as effective a solution as the long-term commitment to continence.  
 
Alternative 4: Long Term Monitoring  
Long-term monitoring will test the effectiveness of any other alternatives or act as a 
test to determine if another primary alternative is necessary to prevent future 
potential contaminant migration.   By itself, long-term monitoring will be effective at 
determining whether contaminant movement is occurring for as long a term as 
monitoring is completed.  As a pre-initiated alternative this alternative was shown to 
be effective for one-year at indicating no movement of contaminants beyond Wells 
#2 and #3. 
 
Alternative 5: Institutional Controls 
With no product movement indicated to date under the site, PBS expects that 
institutional controls would be a valuable protective measure for as long as the 
controls are in place at the site.  Long-term reliability is expected for as long as the 
institutional controls are in place and no contaminant movement occurs.       
 
Alternative 6: Biodegradable Solvent/Oxidant Remedial Action  
Wells could be completed at the site to provide access for completing biodegradable 
solvent/oxidant remediation.  This technology will not remediate all of the 
contamination and therefore would be limited in long-term reliability.     
 
Alternative 7: Thermal Steam Technology  
The Thermal Steam Technology method would involve releasing very hot steam in 
the contaminant zone.  With the necessity to provide pressure in the remedial zone 
(and the continual pressure loss) long-term reliability would be poor.  This method 
probably could not be reliable at removing all of the contaminant.    
 
Alternative 8: In Situ Chemical Oxidation 
Any amount of oil removed by this technology would be permanently removed and 
would assist in long-term reliability.  In past testing it has not been shown to remove 
all of the contaminant.   
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Technical and administrative implementability would increase as the complexity of the action 
increases. The relative implementability of each alternative is described below.  

Implementability 

 
Alternative 1: No Action  
This alternative can be readily implemented, as it involves no action; site conditions 
would not be modified from their current state. 
  
Alternative 2: Excavation and Disposal  
A significant amount of work (beyond what has already been done) would need to be 
completed onsite, probably with the removal, or partial removal, of buildings 
(including the office and boiler building), utilities and slab areas.  Further, deep 
excavation of contaminant, impacting groundwater, shutdown of food processing and 
rebuilding of the site all present implementability issues.    
 
Alternative 3: Contaminant Monitoring Barrier Wall 
For implementation, a significant amount of work would need to be completed onsite, 
probably with the removal, or partial removal, of buildings (including the Boiler 
Building), utilities and slab areas.  Also difficult deep excavation and shoring would 
be necessary during wall and monitoring infrastructure installation.  To aid source 
control the ground surface above the contaminated zone would be paved.  This 
completed action will be difficult to implement even if sheet piling is used.   
 
Alternative 4: Long Term Monitoring  
This already implemented alternative required expenditure of time and equipment to 
place the wells and continue quarterly monthly monitoring concurrent with the FS.  
The ongoing implementability does not present an issue as long as existing wells are 
used.    
 
Alternative 5: Institutional Controls 
With no product movement under the site, PBS expects that institutional controls 
would be a valuable protective measure for as long as the controls are in place at the 
site and some monitoring is completed concurrently.           
 
Alternative 6: Biodegradable Solvent/Oxidant Remedial Action  
Wells could be completed at the Welch’s facility to provide access for completing 
biodegradable solvent/oxidant remediation within the contaminated zone.  
Implementing this technology would be an involved process.  Significant testing 
would be required to determine the best surfactant to mobilize the contaminant.  Not 
all of the contamination could be removed by this alternative. 
 
Alternative 7: Thermal Steam Technology  
The Thermal Steam Technology method would involve purchasing natural gas, 
releasing very hot steam (over 2300 F) and maintaining required pressure in the 
contaminant zone to heat and mobilize the heavy oil.  As previously mentioned, 
electrode heating could be used to support this technology as well.   
 
PBS expects that this type of system would display implementability problems and 
would not be reliable at removing all of the contamination.  Unfortunately, such high 
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temperatures in water cannot be achieved without increasing pressure (boiling would 
occur at 2100 F and stop further heating).  Achieving 2300 F would require some form 
of pressurization in the soil-groundwater interface to support this method.  Pressure 
would continually be lost and it is unlikely (but not out of the question) that this 
system would be effective. 
 
Limited bench testing was completed to gain an understanding of the usefulness of 
the steam or resistive heating methods and because some variation in the variety of 
#6 fuel oil exists on the market (concerning the amount of volatiles and the length of 
carbon chain molecules).  The oil from the Welch facility was heated to observe at 
which temperature the semi-solid oil turned to a liquid (for pumping evaluation 
purposes) and to look for indications of volatiles through distillation and auto ignition 
(see Appendix E).   Results indicated that the oil definitely thinned by 2000 
Fahrenheit; no observed physical episodes of volatilization were obvious.  No auto 
ignition was observed up to a temperature of 5200 Fahrenheit.  No significant lower 
temperature distillation product was observed to form in cooled exterior copper 
tubing concurrent with the heating of the oil containing flask.  Very few gases 
accumulated in the Tedlar bag at the cool end of the bench test infrastructure.      
 
As suspected, results suggest that the oil would need to be heated up to near the 
boiling point of water to make it amenable to pumping.  With heating to the boiling 
point of water required to make this work, the boiling energy uptake required would 
extract heat from the system to such a degree that liquefying of the oil would be 
greatly impeded.  With low volatiles suggested by previous investigations analytical 
results, and by the bench test, little may be gained by steam or electrical heating, 
pumping and removal of the currently immobile oil product.    
 
Alternative 8: In Situ Chemical Oxidation 
This technology is dependant on different chemicals working together to oxidize and 
reduce heavy oil contamination.  The theory is simple; oxidation reduces oil volume 
and produces water and carbon dioxide as byproducts.  With chemical oxidation 
complications are many, with other elements and molecules present within the oil 
and the oxidants used in the process.  
 
The results of the bench testing (Appendix E) suggests that multiple phases of 
oxidation would be required to break down the thick layers of oil.  Each phase of 
oxidation would reduce the oil load on top of the groundwater.   The contaminant 
reduction during bench testing (6%) suggested that multiple phases would be 
required.  In the bench test, large amounts of oxidant were used (60 grams) to 
destroy a relatively small amount of oil (3.4 grams).   This effect is to be expected 
with the breakdown of an 18 carbon chain molecule, which would require a high 
oxidant ratio to degrade the oil.   
 
Bench test results suggested higher than ambient levels of oxygen are released as 
gaseous emanation (60.4% oxygen).  Excess oxygen at three time ambient levels 
suggests that the system was inefficient, with not all of the oxygen used for the 
breakdown of oil.  Elevated carbon dioxide at 5.5% (and the reduced weight of the oil 
after the test) did indicate that some of the oil was being broken down by the test.   
 
Gaseous emanation contaminant byproduct release from the system would seem to 
be preferred because gases are more easily collected with a vapor extraction system 
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(and scrubber), without downgradient groundwater impact.  Qualitative observations 
suggest that a significant amount of contaminant byproduct remained in the liquid 
phase.  
 
In Situ Chemical Oxidation could certainly be completed at the Welch Foods site.  
However, the amount of infrastructure, drill holes, reagent, site visits, pumping, and 
vapor extraction installations necessary to remediate through this process would 
complicate implementability.  Since previous installations have not removed all of the 
contaminant, it has limited implementability.   
 

The relative short term implementation risk of each alternative is provided as follows: 
Implementation Risk 

 
Alternative 1: No Action 
There is no implementation risk associated with this alternative.  
 
Alternative 2: Excavation and Disposal  
Further excavation of contaminated soil from within the soil/groundwater smear zone 
would clean up a great deal of contamination.  On the other hand, short term worker 
risk would increase due to opening up the excavation and potential worker exposure 
to the contaminant.  Some implementation risk is expected in that if excavation to 
below the smear zone occurs, some contaminant could be released to that greater 
depth.   Higher horizontal hydraulic conductivity is possible at the greater depth 
causing the remaining contaminant to travel with groundwater.  There is also an 
implementation risk involved in keeping the operating food processing in place at the 
site with this scenario.  The office and boiler building would need to be taken down, 
with the gas lines moved; these actions would make continued processing more 
difficult.  
 
Alternative 3: Contaminant Monitoring Barrier Wall 
Like Alternative 2, this action would place a risk on the continued food processing on 
the site, because onsite buildings would need to be removed in order to perform 
needed excavation to complete the project.  With this action also, short term worker 
risk would be increased due to potential worker exposure to contamination.  Since 
the barrier wall would not be completed in the contaminated zone, less worker risk 
would be present than in Alternative 2.    

This action presents some implementation risk and lowers general risk at the site 
significantly. 
 
Alternative 4: Long Term Monitoring  
No further implementation risk is expected from long term monitoring, because the 
monitoring wells have already been installed at the site.   
 
Alternative 5: Institutional Controls 
With no known product movement suspected under the site at this time, PBS 
expects that institutional controls would be a valuable protective measure for as long 
as the controls are in place at the site.  Implementation risk would probably not be an 
issue, but concurrent monitoring is necessary.  
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Alternative 6: Biodegradable Solvent/Oxidant Remedial Action  
Wells could be completed at the Welch’s facility to provide access for completing 
biodegradable solvent/oxidant remediation.  This technology would involve the use of 
applying solvents, surfactants and oxidants to the contaminated zone at the top of 
the water table at the site.  Breaking down the oil with the use of solvents and 
surfactants would change the molecular polarity characteristics.  The changes to the 
oil would support greater mobility, with the idea that the changed oil could be 
pumped to the surface and remediated.  The same changes that aid in pumping 
would also make the oil more mobile, water soluble and more likely to move with 
groundwater.  The more soluble mobilized solvent/oil could cause downgradient 
migration, changing the biological and chemical oxygen demand of the surface 
aquifer and supporting movement of the changed contaminant at approximately the 
speed of the current groundwater flow.  Given the strong possibility that the current 
contaminant is not traveling through groundwater, the implementation risk for this 
option would be a negative factor.   
 
Alternative 7: Thermal Steam Technology  
The Thermal Steam Technology method would involve releasing very hot steam in 
the contaminant zone or using resistive electrical heating.  PBS expects that this type 
of system would display implementability risk in that it would make the oil less 
viscous and more able to pump.  As a negative factor, the less viscous oil would then 
temporarily be more amenable to travel downgradient with groundwater and place 
downgradient locations as risk.     
 
A significant implementability risk issue with electrode heating could be the presence 
of a railroad track immediately south of the Welch Foods site; how would the major 
electrical field induced in the subsurface affect the conductive railroad rails and 
railroad operations? 

 
Alternative 8: In Situ Chemical Oxidation 
Implementation risk does exist with the potential use of this technology.  Potential 
down gradient ground water changes could include increases in nitrate, sulfate, 
carbonic acid, sodium and biological oxygen demand.  Since this process converts 
some of the oil from a non-polar to polar state, some of the byproducts would be 
mobile with water.  Bench testing information also suggests that liquids released are 
of low pH (approximately 3.5 for the bench test).  Such low pH liquids are 
uncomfortably close to being a regulated hazardous waste (WAC 173-303).  
 
Presently, with no known contaminant movement, no offsite expression of 
contamination has occurred.  By supporting mobility of product, Welch Foods 
environmental liability would be increased, by increasing the possibility of moving 
chemically impacted contaminant byproducts under offsite properties.  Although 
pumping may be prescribed, it is unusual for a pump not to stop or breakdown; with 
groundwater flow at approximately one foot per day, some potential contaminant 
byproduct could escape offsite, increasing implementation risk.  
 
Gaseous product emanations could include sulfur dioxide, nitrous oxide, high oxygen 
and carbon dioxide.   By products of this technology, however, do not seem as toxic 
as what would be produced as by products of solvent breakdown technologies.  A 
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vapor extraction system could be employed to remove the gaseous products, if 
necessary. 
 
In light of the common push in today’s world to list carbon dioxide as a pollutant, and 
given the stability and immobility of the product where it is, one wonders why this 
form of contaminant would not just be left where it is rather than increase the 
implementability risk using chemical oxidation?  An Isotec, Incorporated In Situ 
Chemical Oxidation scientist indicated that the implementation risk and cost was too 
great on a stable non-mobile #6 oil contaminant on groundwater to risk attempting 
cleanup (Stan Haskins, personal communication, July 2009). 

 

The relative costs vs. benefits are discussed for each alternative below (contact information 
in Reference section, following the report).  

Reasonableness of Cost 

 
Alternative 1: No Action  
There are no costs associated with implementing this alternative. 
 
Alternative 2: Excavation and Disposal  
Further excavation of contaminated soil from within the soil/groundwater smear zone 
would clean up a great deal of contamination, but costs could be prohibitive.  Once 
the buildings are removed, this alternative would support the excavation of 
approximately 4,000 cubic yards of clean soil in order to access approximately 225 
cubic yards of contaminated soil in the upper water table smear zone.  The clean soil 
would be temporarily stockpiled on site, with the contaminated soil excavated and 
shipped to a MTCA disposal site.  The clean soil would later be used as backfill, with 
some clean soil brought back onto the site to make up for the shipped contaminated 
soil.  The excavation would need to be brought back up to grade in lifts at optimum 
moisture percentage and compaction to support future construction.  This alternative 
would require reconstruction of the boiler building and office.  Although this method 
would be effective in removing a significant amount of contaminated soil, 
groundwater and limited soil contamination would still remain. 
 
Loss of the use of a portion of the site to support food processing would require that 
the boiler operation be temporarily moved.  Food processing could be significantly 
affected by this expensive alternative.  The total cost for implementing this alternative 
could exceed $2,000,000. 
 
Alternative 3: Contaminant Monitoring Barrier Wall 
Due to the fact that portions of the office and boiler building may need to be removed 
to install the barrier wall in the deep trench costs for this option will be considerable.  
If sheet piling could be used, which is in question due to possible cobbles in the soil, 
the buildings could stay in place and the job could be completed at less cost.  Some 
of the source control that goes with this alternative has already been completed, but 
onsite paving work and building reconstruction would remain.  Removal of the 
buildings could affect ongoing food processing at the facility and cause income 
losses.  This option could cost well over $2,000,000 to implement. 
 
Alternative 4: Long Term Monitoring  
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With lack of flow of the oil contaminant on top of the water table and a year of 
quarterly monitoring already completed, yearly monitoring should be considered 
reasonable.  Costs would be approximately $1,200 per year for monitoring once per 
year or $4,000 per year for quarterly monitoring.   
 
 
Alternative 5: Institutional Controls 
With no product movement under the site, PBS expects that institutional controls 
would be a valuable measure for as long as the controls are in place at the site.  
Legal, business and oversight fees involved in placing an institutional control could 
be approximately $5,000.  Because it is unlikely institutional controls would be 
implemented alone, other alternative costs could be applicable.     
 
Alternative 6: Biodegradable Solvent/Oxidant Remedial Action  
More wells could be completed at the Welch’s facility to provide access for 
completing biodegradable solvent/oxidant remediation.  A considerable amount of 
testing would be necessary to choose the best surfactant to mobilize the 
contaminant, with pumping and processing groundwater to remove contaminants.  
This technology may cost approximately $700,000 to implement and run for two 
years. 
 
The cost is very high for a cleanup method that could cause offsite impact and 
increase Welch Foods environmental liability.   
 
Alternative 7: Thermal Steam Technology  
The Thermal Steam Technology method would involve releasing very hot steam in 
the contaminant zone.  More well construction would be necessary for this 
implementation.  Expenditures would be necessary to create an oil/water separator 
and/or floatation system to remove the released oil from the aquifer.  Costs to 
complete Thermal Steam Technology for two years would be approximately 
$800,000, with some of the cost involved in utilities for making heat and steam.  
Steam technology costs using the resistive heating method would require less wells, 
but with considerable electricity costs and control of emanating currents, costs would 
rival the use of direct steam.  With the implementability of this alternative in question, 
even greater costs could be involved. 

 
Alternative 8: In Situ Chemical Oxidation 
Cost of this technology is considerable.   Well installations could cost $50,000.  
Chemicals could cost another $25,000, with another $25,000 per year in consultant 
and monitoring costs.   
 
Discussions with in situ chemical oxidation service providers indicated costs would 
be at least $300,000 for implementation, without the required vapor extraction 
system (another $50,000).   
 
The cost is high for a cleanup method that could cause offsite impact and increase 
Welch Foods environmental liability.  Projected expenditures however, do not seem 
as high as the other previously mentioned active remedial action alternatives.   
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The consideration of public concerns will be completed at a later date after review by the 
WDOE.  This section of the FS cannot be completed without public notification and 
comment concerning the site.  Results of consideration of public concerns will be addressed 
in the final FS. 

Consideration of Public Concerns 

 
6.3  Comparative Analysis of Remedial Action Alternatives 
This section includes a more focused comparison of the alternatives to support selection of a 
preliminary alternative.  A review of each of the seven alternatives, including No Action, 
Excavation and Disposal, Contaminant Monitoring Barrier Wall, Long-Term Monitoring, Bio-
Degradable Solvent/Oxidant Remedial Action, Thermal Steam Technology, In Situ Chemical 
Oxidation and Institutional Controls is provided.  Taking into consideration effectiveness, 
long-term reliability, implementability, implementation risk and cost, each of the alternatives 
will be considered in this section. 
 
In support of the comparison, Table 3 was prepared to screen the alternatives.  In an effort to 
make the best choice, the comparison may take elements out of several of the alternatives to 
form a best fit for the preliminary chosen remedial alternative.  In accordance with WAC 173-
340-360 the preferred order of alternative choices incorporate contaminant recycling, 
destruction/detoxification, immobilization/solidification, on-site/off-site disposal (in a lined 
facility), on-site isolation/containment (with engineering controls) and institutional controls, 
with monitoring.    
 
Table 3 sums each of the alternatives on the basis of protectiveness, permanence, long-term 
effectiveness, implementability, implementation risk and reasonableness of cost.  The sums 
are provided for the total of all of the components.  The results provided are based on the 
best judgment of PBS. 
 
Based on the results of the evaluation, the long-term monitoring (Alternative #4) and 
institutional controls (Alternative #5) indicated the highest number of points, respectively.  
These alternatives appeared to be attractive, in part, because one year of monitoring does 
not indicate that further contaminant migration is occurring.   Additionally, the more 
aggressive remedial actions have aspects that could chemically or physically change the 
state of the contaminant to be amenable to movement with water, or mix the contaminant to 
deeper groundwater zones.  These actions could cause downgradient migration of oil or 
chemically changed oil and increase Welch Foods environmental liability. 
 
The highest point receiver behind long-term monitoring and institutional controls was the 
contaminant monitoring barrier wall (Alternative #3) isolation and monitoring scenario.  Strong 
issues against this engineering control included reasonableness of cost.  Completion of 
Alternative #3 could require removal of the office and portions of the boiler building from the 
site, greatly increasing costs and curtailing food processing at the site.  Use of sheet piling 
could make this alternative more attractive, but it is unlikely that sheet piling is implementable. 
 
Other Alternatives including #2, #6, #7 and #8 could have greater implementation risk, cost 
and cause movement of altered contaminant, with groundwater.  Technical Implementability 
is significant for Alternatives #2, #3, #6, #7 and #8.  It is unlikely the required pressure could 
be maintained to achieve Alternative #7, with high utility costs.   Long-term effectiveness 
appeared to be greatest for Alternatives #2 and #3, with the overall protectiveness greatest 
for Alternative #2.  
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Alternative #7 has two implementation scenarios, with either steam injection or electric 
electrode resistive heating.  If this was the chosen alternative, the electrode method (if it 
could be employed safely) would appear to be superior, because heating would occur 
throughout the distance between the electrodes, with a better chance of mobilizing a greater 
amount of oil for subsequent pumping removal. 
 
Alternative #6 and #8 are similar in that the size of the contaminant body is reduced by 
chemical action.  The summary of alternatives suggest that Alternative #8 is superior to #6, in 
that #8 converts more of the contaminant to a gaseous product, which is not amenable to 
downgradient groundwater flow and could be effectively removed and scrubbed with vapor 
extraction.  In addition, #6 surfactants would be expected to dissolve contaminant product 
more permanently (and cause greater groundwater transport) than the oxidant used in 
Alternative #8.  Alternative #8 however is an inefficient process and wastes a significant 
amount of oxygen as an off-gas rather than providing for oxidation of heavy oil product.  
 
Since none of the active remedial action alternatives (#2, #3, #6, #7 and #8) could be 
expected to remove all of the contaminant, Alternatives #4 and #5 are our preliminary highest 
point receivers (see Table #3). 
   
6.4   Preliminary Recommended Remedial Action Alternative 
As requested by the WDOE, this study has evaluated the feasibility of the alternatives listed 
above.  Based on the comparative evaluation of the remedial action alternatives, Alternative 
4 (Long-Term Monitoring) rates the highest, based on points received.  The preliminary 
recommended alternative is chosen, in part, based on preliminary information that indicates 
the contaminant is locked at the soil/groundwater interface hydrophobically and is not polar 
enough to break the water bond and move in the aquifer.  A year of monitoring has already 
tested whether contaminant movement is occurring.  Since no contaminant is showing up in 
the wells, long-term monitoring would not be proposed to occur quarterly.  In a preliminary 
sense, yearly monitoring is proposed with monitoring to then occur on a five-year schedule, 
if no contamination shows up in the wells after five years of yearly monitoring.  The end 
point for monitoring would be open to consideration. 
 
We believe that Institutional Controls (Alternative #5) could be concurrently implemented in 
order to add to the protective nature of that action (if they are necessary based on the fact 
that the contamination is deeper than 15 feet below ground surface).  Institutional controls 
could include deed restrictions to disallow deep excavations or certain types of drilling in the 
area of the contamination.  In addition, we understand the water is tested yearly in the deep 
artesian water well adjacent to the contamination.   Even though no avenue of contaminant 
entry is projected into the well water petroleum product as NWTPH-Dx should be added to 
the list of tested constituents.  In addition, establishment of new domestic or production 
wells into or near the contaminated zone should be disallowed.  
 
We also add that an aspect of Alternative #3 (source control) could be borrowed and used in 
the recommended alternatives as well.  Source control, which in this case would call for 
paving the area above the contamination location, would curtail any surface water 
infiltration.  Stopping any possible water infiltration from irrigation, rain or leaky pipes could 
add an extra measure of protection that the oil cannot begin moving due to increases in 
water head above the contaminant.  
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7.0 RESTORATION TIME FRAME 
A further feasibility study evaluation of the site considers restoration time frame (WAC 173-340-
360).  Factors reviewed in evaluation through this section included: risks to human health and the 
environment; practicality of achieving a shorter restoration time frame; current use of the site; area 
resources that could be affected by the release; potential future site use; availability of alternative 
water supplies; reliability of institutional controls; ability to monitor hazardous substances from the 
site; toxicity of hazardous substances and natural processes that may reduce site contamination.   
 
We understand that the contaminant, #6 fuel oil is heavy oil and has been shown through previous 
testing and assessment to contain little or no volatiles.  PBS expects that the oil is very stable in its 
existing state and will either not degrade at all or degrade at a very slow rate.  For these reasons 
the restoration time frame is expected to be very lengthy.  We also understand that it appears to be 
excessively costly to remove or compromise the buildings and to excavate or put in walls to control 
the contaminant, when the oil does not appear to be migrating.  The oil is not strongly toxic and it is 
buried at depth helping to alleviate risks posed to human health and the environment.  Offsite and 
processing water supplies do not appear to be compromised by the contaminant.  Lastly, 
institutional controls and monitoring are expected to be effective at observations for any future 
movement of the oil contamination. 
 
If the buildings on the site are ever planned to be removed, it may be prudent at that time to give 
further consideration to initiating Alternative #2 or #3 and partially remove or further isolate the 
contaminant.  
 
Limited excavation/disposal, source control and groundwater monitoring measures have already 
been started at the site and are further prescribed along with the long-term monitoring and 
institutional controls for control of contamination on the project site.  Based on review of the actions 
already taken (and those prescribed), PBS feels that the restoration time frame should not present 
a significant issue to the preliminary alternative regime selected.   
 
8.0 CONCLUSIONS 
Alternative #4, #5 and portions of Alternative # 3 have been chosen as the preliminary 
recommended alternatives for the site.  We feel that the preliminary selected alternative is the best 
option for the site and represents a plan for long term control of the contaminant.  We understand 
that the WDOE will make the final determination of environmental cleanup at the site, taking into 
consideration public comment and their environmental processes review of the site.   We 
understand that the next step for the FS is review by the WDOE.    
 
9.0 LIMITATIONS 
PBS has prepared this report for use by Welch Foods. This report is for the exclusive use of the 
client and is not to be relied upon by other parties. It is not to be photographed, photocopied, or 
similarly reproduced in total or in part without the expressed written consent of the client and PBS. 
 
This study was limited to the tests, locations, and depths as indicated to determine the absence or 
presence of certain contaminants. The site as a whole may have other contamination that was not 
characterized by this study. The findings and conclusions of this report are not scientific certainties 
but, rather, probabilities based on professional judgment concerning the significance of the data 
gathered during the course of this investigation.  
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PBS is not able to represent that the site or adjoining land contain no hazardous waste, oil, or other 
latent conditions beyond that detected or observed by PBS. 
 
 
 
 
PBS ENGINEERING + ENVIRONMENTAL 
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Paul Danielson, LEG. Date 
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