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EXECUTIVE SUMMARY 

From November 2009 through February 2010, SLR International Corp (SLR) completed 

an additional subsurface investigation of the closed City of Yakima Landfill (Yakima 

Landfill) site.  The objective of the additional investigation activities was to obtain the 

data necessary to resolve the following investigation data gaps. 

• The elemental and isotopic compositions of soil vapors generated by municipal 

solid waste (MSW) and wood waste had not been analyzed; therefore, the areas 

where wood waste is the primary source of methane gas could not be 

differentiated from the areas where MSW is the primary methane source. 

• Seasonal changes in methane concentrations had not been adequately assessed; 

therefore, the potential for seasonal variations in methane gas migration (and the 

associated risk) had not been defined. 

 

• The sources of the preliminary groundwater indicator hazardous substances (IHSs; 

arsenic, sodium, iron, manganese, pH, nitrate, and vinyl chloride) had not been 

adequately identified.   

 

• The downgradient (south-southeast) extent of the impacted groundwater had not 

been delineated. 

 

• Seasonal variations in groundwater flow directions and groundwater quality at 

locations upgradient, beneath, and downgradient of the landfill had not been 

characterized. 

 

• The hydraulic and geochemical interactions between site groundwater and the 

Yakima River had not been fully defined, including potential seasonal variations 

in groundwater flow paths between the landfill and the river, the location of the 

groundwater discharge area, and the water quality at the discharge area. 

 

Sources and Migration of Methane Gas 

 

To collect the data necessary to try to differentiate the areas where wood waste is the 

primary source of methane gas from the areas where MSW is the primary source of 

methane gas, four soil vapor probes (designated GP-19 through GP-22) were installed 
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within the landfill and to the north of the landfill (within wood waste), and soil vapor 

samples were collected from the new probes and existing probes GP-3, GP-11, and 

GP-13 for laboratory analysis.  The soil vapor sample analytical results showed that 

specific compositional data, such as the relative amounts of CO2 and nitrogen, could be 

used to identify the methane gas generated by MSW and the methane gas generated by 

wood waste.  Based on the sample analytical results, it appears that the gas at probes 

located within the landfill footprint (GP-19, GP-20, and GP-21) was generated by 

decomposition of MSW, and the gas at two probes located to the north of the landfill 

(within wood waste; GP-13 and GP-22) was generated by the decomposition of wood 

waste.  However, the gas at probe GP-11 appears to be generated by the decomposition of 

MSW even though it is located approximately 60 feet to the north of the landfill and is 

screened within wood waste.  Due to anomalously high nitrogen concentrations in the soil 

vapor samples from probe GP-3, the source of the methane concentrations near the east 

side of the former plywood plant building could not be identified. 

 

To evaluate the seasonal variations in methane concentrations, soil vapors were extracted 

and analyzed in November 2009 and February 2010, from the new probes and from 

existing probes GP-3 through GP-18, by using a CES/Landtec GEM-2000 multi-gas 

meter.  The methane concentrations measured in the soil vapor probes ranged from 0 to 

77.7 percent.  The greatest methane concentrations (61.3 to 77.7 percent) were detected at 

the probes located within the footprint of the landfill (screened within MSW).  Elevated 

methane concentrations (41.9 to 62.4 percent) were also detected at the probes located to 

the north of the landfill that are screened within wood waste.  Near the northwest, west, 

and southwest edges of the landfill, the methane concentrations (19.9 to 50.0 percent) 

exceeded the upper explosive limit (15 percent by volume).  Further to the west and 

southwest, along the property line, methane was not detected.  To the south and northeast 

of the landfill area, near the property line, methane was also not detected.  The soil vapor 

sampling results from this investigation and the previous SLR investigation indicate that 

the methane gas concentrations have been fairly consistent and that seasonal variations in 

methane gas migration beneath the southern part of the sawmill property are minimal. 

 

Combustible gas measurements were not collected within the former plywood plant 

building; however, based on the soil vapor sampling results from this investigation and 

the previous SLR investigation, elevated methane concentrations (22.6 to 50 percent) 

were measured in a soil vapor probe (GP-10) located less than 20 feet from the southeast 

corner of the building.  Therefore, it is likely that methane concentrations exceed the 
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lower explosive limit (LEL; 5 percent by volume) in soils beneath the southern part of the 

building.  Methane concentrations (13.2 to 19.5 percent) above the LEL were measured in 

a soil vapor probe (GP-3) located less than 30 feet from the east side of the building.  

Therefore, methane concentrations may exceed the LEL in soils beneath the eastern part 

of the building.  It is also possible that methane concentrations exceed 25 percent of the 

LEL within portions of the building.  Based on limited wood waste near the southern end 

of the building, the methane at GP-10 is likely due to decomposition of MSW.  The 

source of the methane at GP-3 could not be determined. 

Sources and Downgradient Extents of Groundwater IHSs 

 

To assess the sources of the preliminary groundwater IHSs (arsenic, iron, vinyl chloride, 

manganese, sodium, nitrate, and pH), one groundwater monitoring well (designated 

MW-18) was installed at a location to the north (hydraulically upgradient) of the landfill 

area.  To delineate the downgradient (south-southeast) extent of the impacted 

groundwater and to characterize the hydraulic and geochemical interactions between the 

site groundwater and the Yakima River, four groundwater monitoring wells (designated 

MW-14 throught MW-17) were installed at locations to the east, south, and southeast of 

the sawmill property.  In November 2009 and February 2010, groundwater samples were 

collected from the new wells and from existing wells MW-7, MW-8, MW-9A, MW-11, 

MW-12, and MW-13 for laboratory analysis.  The groundwater sample analytical results 

showed that the samples from the wells located hydraulically upgradient of the landfill 

(MW-11 and MW-18) contained the greatest dissolved arsenic and dissolved iron 

concentrations, and the concentrations steadily decreased with distance towards the 

Yakima River.  This indicates that the sources of the arsenic- and iron-impacted 

groundwater are located upgradient of the landfill (likely associated with the former Boise 

Cascade mill operations).  Since the MSW does not appear to be a source of the arsenic- 

and iron-impacted groundwater, arsenic and iron were eliminated as groundwater IHSs 

for the Yakima Landfill site. 

 

None of the groundwater samples contained detectable vinyl chloride concentrations.  

Since vinyl chloride was not detected in any of the samples collected during this 

investigation or the previous SLR investigation, vinyl chloride was eliminated as 

groundwater IHS for the Yakima Landfill site. 
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The groundwater sample analytical results showed that samples from upgradient well 

MW-18 contained dissolved manganese and dissolved sodium concentrations that 

exceeded the groundwater screening levels; however, one or both of the samples from a 

well located near the southern (downgradient) end of the landfill (MW-8) contained 

manganese and sodium concentrations that exceeded the concentrations at MW-18.  This 

indicates that a significant source of the manganese- and sodium-impacted groundwater is 

located upgradient of the landfill, but MSW also appears to be contributing to the 

concentrations.  The manganese and sodium appear to extend to the Yakima River; 

however, there are no surface water cleanup levels for manganese or sodium. 

 

The groundwater samples from wells located near the southern (downgradient) end of the 

landfill contained nitrate concentrations that exceeded the groundwater screening level.  

The nitrate concentrations above the screening level likely extend beyond the southern 

end of the sawmill property; however, the elevated concentrations do not appear to extend 

beyond the neighboring JELD-WEN property.  Based on the groundwater sampling 

results, the source of the elevated nitrate concentrations is likely MSW.   

 

The groundwater samples from wells located upgradient of the landfill and near the 

downgradient end of the landfill contained pH values that were more acidic than the 

screening level range.  The groundwater sampling results indicate that the primary source 

of the acidic groundwater conditions is located hydraulically upgradient of the MSW; 

however, the MSW is contributing slightly to the acidic conditions.  Since the MSW is 

not the primary source of the acidic groundwater conditions, pH was eliminated as a 

groundwater IHS for the Yakima Landfill site.  

 

Groundwater Flow Directions and Discharge Locations 

 

In November 2009 and February 2010, the groundwater flow directions were fairly 

consistent with previous interpretations.  Beneath the landfill, the groundwater generally 

flows from the northwest to the southeast; however, the flows beneath the western portion 

of the landfill are strongly influenced by an apparent recharge area located near well 

MW-13.  The groundwater beneath the landfill eventually discharges to the Yakima River 

at locations east-southeast of the landfill area.  Based on the distribution of several 

groundwater analytes (iron, arsenic, manganese, and sodium), it appears that the 

groundwater beneath the landfill area has historically flowed to the south-southeast. 
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1 INTRODUCTION 

From November 2009 through February 2010, SLR International Corp (SLR) completed 

an additional subsurface investigation of the closed City of Yakima Landfill (Yakima 

Landfill) site.  The Yakima Landfill is located at the south end of the former Boise 

Cascade Sawmill and Plywood Facility (sawmill).  The sawmill property is located at 805 

North 7
th

 Street, in the northeastern part of Yakima, Washington (see Figure 1).   

 

SLR recently completed a remedial investigation at the landfill area.  Based on the results 

of the investigation activities, the following investigation data gaps were identified: 

• The elemental and isotopic compositions of soil vapors generated by municipal 

solid waste (MSW) and wood waste had not been analyzed; therefore, the areas 

where wood waste is the primary source of methane gas could not be 

differentiated from the areas where MSW is the primary methane source. 

• Seasonal changes in methane concentrations had not been adequately assessed; 

therefore, the potential for seasonal variations in methane gas migration (and the 

associated risk) had not been defined. 

 

• The sources of the preliminary groundwater indicator hazardous substances (IHSs; 

arsenic, sodium, iron, manganese, pH, nitrate, and vinyl chloride) had not been 

adequately identified.   

 

• The downgradient (south-southeast) extent of the impacted groundwater had not 

been delineated. 

 

• Seasonal variations in groundwater flow directions and groundwater quality at 

locations upgradient, beneath, and downgradient of the landfill had not been 

characterized. 

 

• The hydraulic and geochemical interactions between site groundwater and the 

Yakima River had not been fully defined, including potential seasonal variations 

in groundwater flow paths between the landfill and the river, the location of the 

groundwater discharge area, and the water quality at the discharge area. 
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The objective of the additional investigation activities was to obtain the data necessary to 

resolve these data gaps. 

 

1.1 Background 

The approximate 240-acre sawmill property was developed by the Cascade Lumber 

Company in 1903, and lumber mill operations commenced in 1904 (Parametrix, 2008).  

The Cascade Lumber Company merged with Boise Payette Lumber Company between 

1957 and 1958 to form Boise Cascade.  Boise Cascade closed the mill operations in 2006, 

and the property is currently used for temporary log storage and for log chipping.  Log 

storage occurs over portions of the Yakima Landfill. 

A 1920 Sanborn Fire Insurance map shows three log ponds, railroad tracks that run 

generally east-west (still present), a boiler house, and several other buildings at the 

sawmill property (Parametrix, 2008).  The southern log pond encompassed approximately 

70 percent of the sawmill property to the south of the railroad tracks [URS Corporation 

(URS), 2003].  The sawmill operations gradually transitioned from using log ponds to log 

decks with sprinklers, and the southern log pond was drained and a large portion of the 

pond area was used as a landfill by the City of Yakima.   

The City of Yakima reported to the Washington Department of Ecology (Ecology) that 

the landfill operated between 1963 and 1970 (City of Yakima, 1996); however, the 

Yakima County Health District has stated that the landfill was closed in 1972 (Ecology, 

1996).  Consistent with waste management practices at that time, the landfill was not 

lined.  Washington’s minimum functional standards for solid waste handling, Chapter 

173-301 WAC, were not adopted until October 26, 1972, and they took affect at the end 

of November 1972.  Unless the Yakima Landfill closed at the very end of 1972, 

Washington regulations for municipal solid waste landfills were not in affect during the 

landfill’s operating life.   

 

On September 26, 2009, several stacks of logs above and adjacent to the landfill area 

caught fire.  The fire was extinguished by pumping large volumes of water onto the 

burning or smoldering logs and underlying wood waste for several days.  This water 

subsequently infiltrated through the wood waste and to the groundwater table at locations 

within the landfill area. 

1.2 Previous Site Investigations 

1.2.1 1988 Hydrogeologic Study 

In 1997, Ecology required Boise Cascade to conduct a hydrogeologic study of the sawmill 

property as part of the facility’s wastewater discharge permit.  In 1998, the hydrogeologic 
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study was conducted by Landau Associates, Inc. (Landau), and included the installation 

and monitoring of six groundwater monitoring wells (designated MW-5 through 

MW-10), as well as the monitoring of three existing groundwater monitoring wells 

(designated MW-1, MW-3, and MW-4).  Wells MW-6, MW-7, MW-8, and MW-9 were 

located in the southern part of the property, near the Yakima Landfill (see Figure 2).  The 

groundwater monitoring data showed that the general flow direction of the shallow 

groundwater beneath the sawmill property was consistently from the northwest to the 

southeast, towards the Yakima River (Landau, 1998).  The Yakima River is located 

approximately 300 feet to the southeast of the southeastern corner of the sawmill property 

(see Figure 1). 

1.2.2 2008 Subsurface Investigation 

In 2008, Parametrix conducted a subsurface investigation at the Yakima Landfill area.  

The objectives of the work were to assess the groundwater conditions beneath the area, to 

estimate the extents of the MSW, and to assess the risks associated with methane 

generation and migration.  The work consisted of a geophysical survey; excavating 14 test 

pits; drilling two soil borings; installing a groundwater monitoring well (designated 

MW-9A) in one of the borings to replace MW-9 (a dry well); installing soil vapor probes 

(designated GP-1, GP-2, and GP-3) in one of the borings and in two of the test pits; 

collecting groundwater samples from wells MW-7, MW-8, and MW-9A; and collecting 

soil vapor samples from the soil vapor probes and from all of the monitoring wells 

located in central and southern parts of the property.  The approximate locations of the 

monitoring wells (in the southern part of the property only) and the soil vapor probes are 

shown on Figure 2.  The results of the investigation showed that groundwater samples 

from wells MW-7, MW-8, and MW-9A contained dissolved iron and dissolved 

manganese concentrations that exceeded the federal secondary maximum contaminant 

levels (MCLs).  The groundwater samples from wells MW-7 and MW-8 contained vinyl 

chloride concentrations below the Model Toxics Control Act (MTCA) Method A cleanup 

level.  Combustible gas (presumably methane) concentrations above the upper explosive 

limit (15 percent by volume) were detected at soil vapor probes (GP-1 and GP-3) located 

to the north of the Yakima Landfill (Parametrix, 2008).  MSW was encountered beneath 

the log deck; however, the lateral extents of the waste were not well defined.  The log 

deck is located to the east and southeast of the current log barker area, and is surrounded 

by an asphalt road and dirt road (see Figure 2). 

1.2.3 2009 Remedial Investigation 

In 2009, SLR conducted a remedial investigation at the Yakima Landfill area to assess 

potential environmental and geotechnical conditions that could require remedial action 

and/or affect potential future property development, and to evaluate the land use 

development constraints associated with the structural capacities of the materials beneath 

the property.  The work consisted of the following activities: 
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• Excavated 56 test pits (designated TP-8 through TP-63) to delineate the lateral 

extent of the MSW  

 

• Drilled and sampled 41 soil borings (designated SB-1 through SB-41) to define the 

MSW thickness and geometry relative to native soils, fill soils, wood waste, and the 

groundwater table 

 

• Installed temporary wells in 5 of the soil borings, and collected and analyzed 

leachate samples to assess groundwater quality beneath the landfill and to evaluate 

potential future construction material and method requirements 

 

• Drilled and installed 15 soil vapor probes (designated GP-4 through GP-18), and 

monitored these probes and previously installed probe GP-3 to evaluate the extent 

of methane in subsurface soils  

 

• Drilled and installed 3 groundwater monitoring wells (designated MW-11, MW-12, 

and MW-13), and collected groundwater samples from the new wells and existing 

wells MW-7, MW-8, and MW-9A to assess groundwater flow paths beneath the 

landfill area and groundwater quality upgradient and downgradient of the landfill 

The locations of the test pits, borings, soil vapor probes, and monitoring wells are shown 

on Figure 2.   

 

1.3 Summary of SLR Findings 

Subsurface materials within the landfill area included fill materials and alluvial deposits 

(gravels, sands, and silts).  The fill materials extend to depths of as much as 24.5 feet 

below ground surface (bgs) and consist of MSW, wood waste, sand, silt, gravelly silt, 

sandy gravel, and silty gravel.  The MSW extends across a greater area than was defined 

by previous site investigations.  The estimated limits of the MSW are shown on Figure 3.  

The landfill is is covered with approximately 2 to 12 feet of sandy silt, silty gravel, and/or 

wood waste.  The MSW occurs at thicknesses of up to 15 feet, and the average thickness 

is approximately 10 feet.  The bottom of the MSW occurs at depths ranging from 

approximately 5 to 19.5 feet.  Based on the areal extent and thickness, approximately 

408,500 cubic yards of MSW are present in the Yakima Landfill (SLR, 2009a).  Most of 

the MSW occurs at depths above the seasonal high groundwater table.  

The leachate and groundwater sample analytical results were compared to groundwater 

screening levels based on protection of drinking water and protection of surface water 

(the shallow groundwater beneath the Yakima Landfill likely discharges to the Yakima 

River).  Preliminary groundwater IHSs were selected by comparing the maximum 

detected concentrations with the lowest of the drinking water and surface water screening 
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levels, and evaluating the frequency and patterns of detection (SLR, 2009a).  Based on 

this evaluation, the identified preliminary groundwater IHSs for the Yakima Landfill site 

were: 

o Arsenic 

o Iron 

o Manganese 

o Sodium 

o Nitrate 

o pH 

o Vinyl chloride 

 

The IHS concentrations in groundwater samples collected in 2008 or 2009 from at least 

one of the existing downgradient wells (MW-7 and MW-8) were confirmed to exceed the 

screening levels (Parametrix, 2008 and SLR, 2009a).  Since the downgradient wells are 

located near the southern property line, IHS concentrations exceeding the screening levels 

likely extend beyond the property line.   

Groundwater quality data from the wells located downgradient of the MSW were 

compared with the data from the upgradient well MW-11.  This comparison indicated that 

the MSW is not the primary source of the dissolved arsenic, dissolved iron, or dissolved 

manganese in groundwater or of the acidic groundwater (pH of less than 6.5), but may be 

the primary source of nitrate and dissolved sodium.  The data were insufficient to 

determine the potential source(s) of the vinyl chloride detected during Parametrix’s 2008 

investigation.   

Combustible gas (presumably methane) was detected in soil vapor near the landfill at 

concentrations up to 58.5 percent; however, the highest concentrations were detected at 

the soil vapor probes (GP-11 and GP-13) that are screened within wood waste.  

Therefore, it appears that wood waste is a significant source of methane at the landfill 

area (SLR, 2009a).  Methane concentrations (16.2 to 32.4 percent) in soil vapor exceeded 

the lower explosive limit (LEL; 5 percent by volume) at locations (probes GP-4, GP-5, 

and GP-10) where wood waste was not present.  This indicates that the MSW is also a 

significant source of methane (SLR, 2009a). 

Unless the Yakima Landfill closed in December 1972, which is unlikely, there were no 

regulations that addressed landfill gas in soil; therefore, the minimal functional standards 

for landfilling that specifically address landfill gas do not apply to the site.  However, for 

practical purposes, WAC 173-351-200
1
 regulations for landfill gas were used for the 

investigation to evaluate whether the methane conditions at the site are protective of 

human health and the environment (SLR, 2009a).  Under these regulations, as well as the 

                                                 
1
 Washington Department of Ecology. 1993. Chapter 173-351 WAC, Criteria for Municipal Solid Waste 

Landfills. October 26. 
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Model Toxics Control Act (MTCA) Cleanup Regulation
2
, the methane concentrations 

generated by a landfill must not exceed the lower explosive limit (LEL; 5 percent by 

volume) at the property boundaries.  The landfill extends beyond the eastern property line 

in a localized area near the southeastern corner of the property and since the soil vapor 

sampling results indicate that the methane concentrations in the landfill exceed the LEL, 

it is likely that methane concentrations exceed the LEL at the area where the waste 

extends beyond the eastern property line.  Soil vapor sampling in February and April 

2009 indicated that methane concentrations are below the LEL at the southern and 

western property lines; however, potential seasonal variations in soil vapor quality at 

these areas have not yet been defined. 

Under WAC 173-351-200, methane concentrations must not exceed 25 percent of the 

LEL (1.25 percent by volume) inside of structures located on land used for the disposal of 

solid waste, and must not exceed 100 parts per million (ppm) inside of structures located 

on adjacent properties.  Since the Yakima Landfill is located within the sawmill property 

and the former plywood plant building is located less than 60 feet from the landfill, it is 

reasonable to consider the former plywood plant to be located on land used for the 

disposal of solid waste rather than on an adjacent property.  Combustible gas 

measurements were not collected in the former plywood plant building; however, 

methane concentrations greater than the UEL (15 percent by volume) were measured in 

soil vapor probes (GP-3 and GP-10) located less than 30 feet from the building.  

Therefore, it is likely that methane concentrations exceed the LEL in soils beneath at least 

portions of the building.  It is also possible that methane concentrations exceed 25 percent 

of the LEL within portions of the building (SLR, 2009a). 

 

                                                 
2
 Washington Department of Ecology. 2001. Chapter 173-340 WAC, Model Toxics Control Act Cleanup 

Regulation. Amended February 12. 
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2 ADDITIONAL INVESTIGATION ACTIVITIES 

To try to resolve the investigation data gaps described in Section 1, the additional 

investigation consisted of installing and sampling soil vapor probes; installing and 

sampling groundwater monitoring wells; collecting water samples from the Yakima 

River; monitoring groundwater and river water elevations; and surveying the 

investigation locations.  The fieldwork was conducted in November 2009 and February 

2010.  The investigation activities were conducted in accordance with the procedures 

described in SLR’s Additional Investigation Work Plan, Closed City of Yakima Landfill 

Site, Yakima, Washington, dated October 14, 2009. 

2.1 Install Soil Vapor Probes 

To collect the data necessary to try to differentiate the areas where wood waste is the 

primary source of methane gas from the areas where MSW is the primary source of 

methane gas, four soil vapor probes (designated GP-19 through GP-22) were installed on 

November 2, 3, 4, and 5, 2009.  The locations of the probes are shown on Figure 3.  

GP-19, GP-20, and GP-21 are located within the footprint of the landfill at areas where 

there is limited surficial wood waste.  GP-22 was located over 200 feet to the north of the 

landfill, at a location where the wood waste is over 14 feet thick (this probe was 

inadvertently destroyed after the November 2009 sampling event; see Section 2.2).  

Cascade Drilling, Inc. (Cascade), of Woodinville, Washington, installed the soil vapor 

probes under the direction of SLR personnel.   

The boring for each vapor probe installation was drilled by using hollow-stem auger 

methods.  Soil samples were collected at 2.5-foot intervals by using split-barrel sampling 

methods, and SLR continuously logged the soil encountered during drilling.  The borings 

extended to depths of approximately 14 to 16 feet bgs.  Each 1-inch-diameter Schedule 40 

PVC probe was constructed with a 5-foot-long screen (0.020-inch slots) that was installed 

within the unsaturated zone.  A blank PVC riser was attached to the screen and extended 

to just below the ground surface (GP-19) or to a few feet above ground surface (GP-20, 

GP-21, and GP-22).  The top of each riser was completed with a quick-connect fitting to 

facilitate sample collection.  The screens of GP-19, GP-20, and GP-21 were installed 

within MSW.  The screen of GP-22 was installed within wood waste. 

The bottom of each probe (including filter pack) was installed at a depth above the 

groundwater table.  A filter pack consisting of 2x12 Colorado
®

 silica sand was installed 
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from at least 6 inches below the bottom screen slot to at least 1 foot above the uppermost 

screen slot.  A hydrated bentonite chip seal was installed above the filter pack to 

approximately 2 feet bgs, and at GP-19, GP-20, and GP-22, an aboveground steel casing 

was installed in concrete to protect the riser.  Three protective steel bollards were 

installed around each protective casing.  At GP-21, which is located in an area of truck 

traffic, a flush-grade, traffic-rated, steel monument was installed in concrete to protect the 

riser.  Soil boring logs that describe the encountered materials and include the soil vapor 

probe construction details are presented in Appendix A. 

 

2.2 Collect Soil Vapor Samples 

On November 5, 2009 and February 3, 2010, SLR personnel extracted and analyzed soil 

vapors from each new soil vapor probe, except GP-22, and from previously installed 

probes GP-3 through GP-18 by using a CES/Landtec GEM-2000 multi-gas meter.  GP-22 

was only sampled in November 2009 because the probe had been accidentally destroyed 

by the property operations prior to February 2010.  The combustible gas meter measured 

the percentages of oxygen, carbon dioxide, and combustible gas (reported as methane) in 

the extracted soil vapors.  Based on the soil vapor sample analytical results (discussed 

below), the detected combustible gas consisted almost entirely of methane.   

On November 5, 2009, after extracting soil vapors with the CES/Landtec GEM-2000 

multi-gas meter, SLR collected soil vapor samples from probes GP-11, GP-13, GP-19, 

GP-20, GP-21, and GP-22, in laboratory-supplied bags, by using a rubber suction bulb 

and polyethylene tubing.  Duplicate samples (designated GP-29 and GP-32) were 

collected from probes GP19 and GP-22, respectively.  The samples were submitted to 

Isotech Laboratories, Inc. (Isotech) in Champaign, Illinois, for analysis.  To evaluate 

whether the concentrations of certain constituents in gas generated by MSW differ 

significantly from the concentrations of those constituents in gas generated by wood 

waste, the soil vapor samples were analyzed for composition (nitrogen, oxygen, carbon 

dioxide, carbon monoxide, argon, hydrogen, helium, hydrogen sulfide, methane, ethane, 

ethylene, propane, isobutane, n-butane, isopentane, n-pentane, and hexanes) by using gas 

chromatography.  The samples were also analyzed for carbon and hydrogen isotopes. 

Carbon isotope ratios (the ratio of 
12

C and 
13

C isotopes, or δ
13

C) of the methane 

component, and hydrogen ion isotopes (the ratio of 
1
H and 

2
H isotopes, or δDC) of the 

methane component were analyzed by using mass spectrometry.  Based on the results, 

Isotech calculated the specific gravity and British thermal unit (BTU) of each sample. 

On February 3, 2010, after extracting soil vapors with the CES/Landtec GEM-2000 

multi-gas meter, SLR collected soil vapor samples from probes GP-3, GP-11, GP-13, and 

GP-19, in laboratory-supplied bags, by using a rubber suction bulb and polyethylene 

tubing.  Duplicate samples (designated GP31 and GP33) were collected from probes 

GP11 and GP-3, respectively.  The samples were submitted to Isotech for compositional 



Privileged and Confidential Attorney-Client Work Product 

T\001.0221.00006\Additional Investigation Report.doc  

 2-3 

analysis.  The samples were collected from GP-11, GP-13, and GP-19 to verify the 

November 2009 sampling results, and a sample was collected from GP-3 to identify the 

source of the methane concentrations near the east side of the former plywood plant 

building.   

 

2.2.1 Soil Vapor Sampling Results 

Unless the Yakima Landfill closed in December 1972, which is unlikely, there were no 

regulations that addressed landfill gas in soil; therefore, the minimal functional standards 

for landfilling that specifically address landfill gas do not apply to the site.  However, for 

practical purposes, WAC 173-351-200 regulations for landfill gas and the MTCA 

Cleanup Regulations were used for this investigation to evaluate whether the methane 

conditions at the site are protective of human health and the environment.   

 

2.2.1.1 November 2009 Samples 

On November 5, 2009, the methane concentrations measured in the soil vapor probes 

ranged from 0 to 69.3 percent.  The greatest methane concentrations (61.3 to 69.3 

percent) were detected at the soil vapor probes (GP-19, GP-20, and GP-21) located within 

the footprint of the landfill and screened within MSW.  Elevated methane concentrations 

(41.9 to 57.4 percent) were also detected at the probes (GP-11, GP-13, and GP-22) 

located to the north of the landfill that are screened within wood waste.  Near the 

northwest, west, and southwest edges of the landfill, the methane concentrations (24.2 to 

41.3 percent) also exceeded the upper explosive limit (UEL; 15 percent by volume) at 

probes GP-4, GP-5, GP-10, and GP-12.  Further to the west and southwest, along the 

property line, methane was not detected (at probes GP-14 through GP-18).  To the south 

and northeast of the landfill area (at probes GP-6 through GP-9), methane was also not 

detected.  The combustible gas survey results from this investigation, and from the 

previous SLR investigation, are presented in Table 1, and the methane concentrations on 

November 5, 2009, are shown on Figure 4. 

In November 2009, the soil vapor samples were collected from three probes screened 

within the footprint of the landfill (GP-19, GP-20, and GP-21) and from three probes 

screened within wood waste (GP-11, GP-13, and GP-22).  The locations of the probes are 

shown on Figure 3.  The soil vapor sample analytical results showed that the general 

characteristics of the gas generated by MSW are similar to the characteristics of the gas 

generated by wood waste.  However, specific compositional data, such as the relative 

amounts of carbon dioxide (CO2) and nitrogen, indicate that there are significant 

differences between the gas generated by MSW and the gas generated by wood waste.  

The MSW-generated gas contained lower nitrogen and CO2 concentrations than the wood 

waste-generated gas.  An Isotech plot of the nitrogen to methane ratios and the CO2 to 

methane ratios in the samples depicts a distinct difference between the MSW-generated 

gas and the wood waste-generated gas.  The Isotech plot is presented in Appendix B.  The 
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soil vapor sample analytical results also showed that the analyzed methane concentrations 

were consistently within 4 percent of the combustible gas readings by the multi-gas 

meter. 

Based on the soil vapor sample analytical results, it appears that the gas at probes GP-11, 

GP-19, GP-20, and GP-21 was generated by decomposition of MSW, and the gas at 

probes GP-13 and GP-22 was generated by the decomposition of wood waste.  It is 

important to note that GP-11 is located approximately 60 feet to the north of the landfill 

and is screened within wood waste.  A copy of the laboratory report is presented in 

Appendix C. 

 

2.2.1.2 February 2010 Samples 

On February 3, 2010, the methane concentrations measured in the soil vapor probes 

ranged from 0 to 77.7 percent.  Similar to the November 2009 results, the greatest 

methane concentrations (69.5 to 77.7 percent) were detected at the soil vapor probes 

(GP-19, GP-20, and GP-21) located within the footprint of the landfill (screened within 

MSW).  Elevated methane concentrations (62.4 and 45.4 percent) were also detected at 

the probes (GP-11 and GP-13, respectively) located to the north of the landfill that are 

screened within wood waste.  Near the northwest, west, and southwest edges of the 

landfill, the methane concentrations (19.9 to 50.0 percent) exceeded the upper explosive 

limit (UEL; 15 percent by volume) at probes GP-4, GP-5, GP-10, and GP-12.  Further to 

the west and southwest, along the property line, methane was not detected (at probes 

GP-14 through GP-18).  To the south and northeast of the landfill area (at probes GP-6 

through GP-9), methane was not detected.  The methane concentrations on February 3, 

2010, are shown on Figure 5. 

In February 2010, the soil vapor samples were collected from one probe screened within 

the footprint of the landfill (GP-19) and from two probes screened within wood waste 

(GP-11 and GP-13) to verify the November 2009 sampling results.  A sample was also 

collected from probe GP-3 to identify the source of the methane concentrations near the 

east side of the former plywood plant building.  The locations of the probes are shown on 

Figure 3.  The soil vapor sample analytical results confirmed the November 2009 results 

that the MSW-generated gas contains lower nitrogen and CO2 concentrations than the 

wood waste-generated gas, and that the methane concentrations were consistently within 

4 percent of the combustible gas readings by the multi-gas meter.  The Isotech plot 

presented in Appendix B includes the February 2010 results.  Based on the soil vapor 

sample analytical results, it appears that the gas at probes GP-11 and GP-19 was 

generated by decomposition of MSW, and the gas at probe GP-13 was generated by the 

decomposition of wood waste.  A copy of the laboratory report is presented in Appendix 

C. 
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The samples from the soil vapor probe located near the east side of the former plywood 

plant building (GP-3; including duplicate sample GP33) contained nitrogen 

concentrations (74.64 and 74.67 percent) that were much greater than the nitrogen 

concentrations (0.69 to 14.87 percent) in the other soil vapor samples.  The samples from 

GP-3 also contained CO2 concentrations (11.21 and 11.22 percent) that were much lower 

than than the CO2 concentrations (35.37 to 40.62 percent) in the other soil vapor samples.  

The nitrogen to methane ratios from GP-3 (5.67 and 5.70) were too high to include on the 

Isotech plot in Appendix B, and the CO2 to methane ratios (0.85 and 0.86) would have 

plotted below the lower end of the gases from a wood waste source and above the upper 

end of the gases from an MSW source.  Isotech evaluated the data from GP-3 and 

concluded that the elevated nitrogen concentrations in the soil vapors were not due to 

nitrogen enrichment at that location.  Due to the elevated nitrogen concentrations, the 

source of the methane gas at GP-3 could not be identified. 

2.3 Install Groundwater Monitoring Wells 

To further assess the sources of the preliminary groundwater IHSs at locations 

hydraulically upgradient (north-northwest) of the Yakima Landfill, a groundwater 

monitoring well (designated MW-18) was installed approximately 270 feet to the east-

northeast of upgradient well MW-11.  To delineate the hydraulically downgradient extent 

of the preliminary groundwater IHSs and to characterize the hydraulic and geochemical 

interactions between site groundwater and the Yakima River, four groundwater 

monitoring wells (designated MW-14 through MW-17) were installed at locations to the 

east, south, and southeast of the sawmill property.  The locations of the wells are shown 

on Figure 6.  To the west of Highway 82, one of the wells (MW-17) is located 

approximately 375 feet to the south of the southeast corner of the sawmill property, on 

Washington State Department of Transportation (WSDOT) property, and another well 

(MW-16) is located approximately 880 feet south of the sawmill property, along the north 

end of North Fair Avenue (on City of Yakima property).  The other two wells (MW-14 

and MW-15) are located to the east of Highway 82, within 150 feet of the Yakima River.  

MW-15 is located approximately 460 feet to the east of the southeastern end of the 

sawmill property, on Yakima County property, and MW-14 is located approximately 

1,000 feet to the southeast of the southeast corner of the sawmill property, on Yakima 

Greenway Foundation property.  Prior to drilling, the City of Yakima obtained access 

agreements from WSDOT, Yakima County, and the Yakima Greenway Foundation to 

install the wells. 

On November 2, 3, and 4, 2009, Cascade installed the groundwater monitoring wells 

under the direction of SLR personnel.  The boring for each well installation was drilled by 

using hollow-stem auger methods.  Soil samples were collected at 2.5-foot intervals by 

using split-barrel sampling methods, and SLR continuously logged the soil encountered 

during drilling.  The borings extended to depths of approximately 14 to 21.5 feet bgs.  

Each 2-inch-diameter Schedule 40 PVC well was constructed with a 10- to 15-foot-long 
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screen (0.020-inch slots) that was installed at a depth that intercepts the groundwater 

table.  A blank PVC riser was attached to the screen and extended to just below the 

ground surface (MW-14 through MW-17) or to a few feet above ground surface 

(MW-18).  A filter pack consisting of 2x12 Colorado
®

 silica sand was installed from at 

least 6 inches below the bottom screen slot to at least 1 foot above the uppermost screen 

slot.  A hydrated bentonite chip seal was installed above the filter pack to approximately 

2 feet bgs, and at MW-18, an aboveground steel casing was installed in concrete to 

protect the riser.  Three protective steel bollards were installed around the protective 

casing.  At MW-14, MW-15, MW-16, and MW-17, a flush-grade, traffic-rated, steel 

monument was installed in concrete to protect the riser.  Soil boring logs that describe the 

encountered materials and include the monitoring well construction details are presented 

in Appendix A. 

 

Cascade developed each new monitoring well by using surging and bailing methods to 

remove fine-grained materials and ensure hydraulic continuity between the well screen 

and formation materials.  All drilling equipment was decontaminated by steam cleaning 

after completing each well. 

 

2.4 Collect Groundwater and Surface Water Samples 

To assess the groundwater contaminant concentrations beneath the Yakima Landfill area 

and hydraulically downgradient of the sawmill property, and to compare the geochemical 

characteristics of the site groundwater and the Yakima River, SLR personnel conducted 

groundwater sampling events on November 4 and 5, 2009, and on February 2, 3, and 4, 

2010.  Prior to conducting the November sampling event, SLR identified four gauging 

stations (designated RG-1 through RG-4) on the west bank of the Yakima River to 

measure the river elevations.  RG-1 is located upstream of the Yakima Landfill, and RG-

2, RG-3, and RG-4 are located downstream of the landfill (see Figure 7).  Stations RG-1 

and RG-3 are located near the bottom of the river bank to measure low seasonal river 

elevations, and RG-2 and RG-4 are located further up the river bank to measure higher 

river elevations.  Yakima River stages were evaluated using stations RG-1 and RG-3 

during the November 2009 and February 2010 monitoring events. 

During both sampling events, groundwater samples were collected from the five new 

monitoring wells and from existing wells MW-7, MW-8, MW-9A, MW-11, MW-12, and 

MW-13 for laboratory analysis.  In addition, a water sample from the Yakima River was 

collected at a location near the railroad tracks (at gauging station RG-1) to assess 

contaminant (preliminary groundwater IHS) concentrations in the river at a location 

upstream of the Yakima Landfill (background river concentrations).  During the Febuary 

sampling event, duplicate samples (designated MW37 and MW38) were collected from 

wells MW-7 and MW-8, respectively.   
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During the sampling events, each well was purged and sampled by using low-flow 

methods with a peristaltic pump and new polyethylene tubing.  During purging and 

immediately prior to sampling, SLR measured the pH, specific conductivity, and 

temperature of the purge water.  Redox potential and dissolved oxygen were also 

typically measured; however, during the November 2009 sampling event, there were 

problems with the meter during the purging of several of the wells.  The groundwater 

samples were submitted to Friedman & Bruya, Inc. (F&B) in Seattle, Washington, for 

analysis of the preliminary groundwater IHSs (vinyl chloride, arsenic, iron, manganese, 

sodium, nitrate, and pH) and additional major ions (calcium, chloride, sulfate, 

magnesium, and alkalinity) by using the following methods: 

 

• Vinyl chloride by USEPA Method 8260C 

• Dissolved arsenic, calcium, sodium, iron, magnesium, and manganese by USEPA 

Method 200.8 

• Nitrate, chloride, and sulfate by USEPA Method 300.0 

• pH by USEPA Method 150.1 

• Alkalinity (carbonate and bicarbonate) by USEPA Method 310.1 

 

The river water samples were analyzed for nitrate, pH, and dissolved arsenic, sodium, 

iron, and manganese.  All of the samples for dissolved metals analysis were filtered in the 

field, and the samples for all other analyses were unfiltered. 

2.4.1 Sample Analytical Results 

The groundwater sample analytical results for the preliminary groundwater IHSs were 

compared to the site groundwater screening levels that were developed by SLR during the 

previous remedial investigation (SLR, 2009a).  The selected groundwater screening levels 

are the lowest of the screening levels based on protection of drinking water and protection 

of surface water (the shallow groundwater beneath the Yakima Landfill likely discharges 

to the Yakima River).   

 

2.4.1.1 November 2009 Sampling Event 
 

The groundwater sample analytical results from the November 2009 sampling event 

indicated the following: 

 

• The groundwater samples from all of the monitoring wells did not contain vinyl 

chloride concentrations above the method reporting limit (MRL); however, the 

MRL (0.2 µg/L) exceeded the groundwater screening level (0.03 µg/L). 

• The groundwater samples from all of the monitoring wells contained dissolved 

arsenic concentrations (0.36 to 6.75 µg/L) that exceeded the groundwater 

screening level (0.06 µg/L).  The greatest arsenic concentrations were in the 
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samples from upgradient wells MW-11 and MW-18.  The arsenic concentrations 

are shown on Figure 7. 

• The samples from all of the monitoring wells, except MW-9A, contained 

dissolved manganese concentrations (287 to 4,450 µg/L) that exceeded the 

groundwater screening level (50 µg/L).  The manganese concentration in the 

sample from upgradient well MW-18 was at least 1,760 µg/L greater than the 

concentration in any other well.  The manganese concentrations are shown on 

Figure 8. 

• The groundwater samples from wells MW-7, MW-11, MW-12, MW-13, MW-15, 

MW-17, and MW-18 contained dissolved iron concentrations (1,550 to 35,400 

µg/L) that exceeded the groundwater screening level (300 µg/L).  The iron 

concentrations in the samples from upgradient wells MW-11 and MW-18 (35,400 

and 26,100 µg/L, respectively) were at least 7,600 µg/L greater than the 

concentration in any other well.  The iron concentrations are shown on Figure 9. 

• The groundwater sample from well MW-8 contained a nitrate concentration 

(17,900 µg/L) that exceeded the groundwater screening level (10,000 µg/L).  

MW-8 is located near the southern (downgradient) end of the landfill (see Figure 

6).   

• The groundwater samples from MW-7, MW-8, MW-14, MW-16, MW-17, and 

MW-18 contained dissolved sodium concentrations (23,400 to 48,300 µg/L) that 

exceeded the groundwater screening level (20,000 µg/L).  The sample from 

downgradient well MW-8 contained a dissolved sodium concentration that was at 

least 9,900 µg/L greater than the concentration in any other well.  The sodium 

concentrations are shown on Figure 10. 

• The groundwater samples from MW-7, MW-8, MW-11, and MW-18 contained 

pH values (6.34 to 6.47) that were more acidic than the screening level range (6.5 

to 8.5).  MW-11 and MW-18 are located upgradient of the landfill and MW-7 and 

MW-8 are located near the southern (downgradient) end of the landfill (see Figure 

6). 

 

The groundwater sample analytical results for the preliminary groundwater IHSs are 

presented in Table 2, and copies of the laboratory reports are presented in Appendix C.  

 

The water sample collected from the Yakima River, at a location upstream of the landfill 

site, contained detectable arsenic, manganese, nitrate, and sodium concentrations (0.52, 

6.96, 171, and 5,020 µg/L, respectively).  The pH of the water was 6.80.  The river water 

sample analytical results are presented in Table 3, and a copy of the laboratory report is 

presented in Appendix C. 
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2.4.1.2 February 2010 Event 
 

The groundwater sample analytical results from the February 2010 sampling event 

indicated the following: 

 

• The groundwater samples from all of the monitoring wells did not contain vinyl 

chloride concentrations above the MRL (0.03 µg/L). 

• The groundwater samples from all of the monitoring wells contained dissolved 

arsenic concentrations (0.26 to 3.01 µg/L, respectively) that exceeded the 

groundwater screening level.  Similar to the November 2009 sampling results, the 

greatest arsenic concentrations were in the samples from upgradient wells MW-11 

and MW-18. 

• The samples from all of the monitoring wells, except MW-9A and MW-14, 

contained dissolved manganese concentrations (192 to 6,290 µg/L) that exceeded 

the groundwater screening level.  The samples from a well (MW-8) located near 

the southern end of the landfill and from an upgradient well (MW-18) contained 

dissolved manganese concentrations (6,290 and 5,360 µg/L, respectively) that 

were at least 2,780 µg/L greater than the concentration in any other well.  The 

locations of MW-8 and MW-18 are shown on Figure 6. 

• The groundwater samples from wells MW-7 (duplicate sample only), MW-11, 

MW-12, MW-13, MW-15, MW-17, and MW-18 contained dissolved iron 

concentrations (495 to 7,200 µg/L) that exceeded the groundwater screening level.  

Similar to the November 2009 sampling results, the greatest dissolved iron 

concentrations were in the samples from upgradient wells MW-11 and MW-18 

(7,200 and 4,910 µg/L, respectively). 

• The groundwater samples from wells MW-7 and MW-8 contained nitrate 

concentrations (10,300 and 95,300 µg/L, respectively) that exceeded the 

groundwater screening level.  MW-7 and MW-8 are located near the southern 

(downgradient) end of the landfill.   

• The groundwater samples from MW-7, MW-8, MW-16, MW-17, and MW-18 

contained dissolved sodium concentrations (21,700 to 52,600 µg/L) that exceeded 

the groundwater screening level.  Similar to the November 2009 sampling results, 

the sample from downgradient well MW-8 contained the greatest dissolved 

sodium concentration (at least 23,700 µg/L greater than the concentration in any 

other well). 

• The groundwater samples from downgradient wells MW-7 and MW-8 contained 

pH values (6.23 to 6.48) that were more acidic than the screening level range. 

 

The water sample collected from the Yakima River, at a location upstream of the landfill 

site, contained detectable arsenic, manganese, nitrate, and sodium concentrations (0.45, 

2.72, 321, and 6,540 µg/L, respectively).  The pH of the water was 8.04.  The river water 
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sample analytical results are presented in Table 3, and a copy of the laboratory report is 

presented in Appendix C. 

2.5 Groundwater/Surface Water Monitoring 
 

On November 6, 2009 and February 1, 2010, SLR personnel measured the depths to 

groundwater in wells MW-6, MW-7, MW-8, MW-9A, MW-11, MW-12, MW-13, 

MW-14, MW-15, MW-16, MW-17, and MW-18 by using an electronic water level meter.  

At the time of each groundwater elevation monitoring event, SLR also measured the 

depths to water at the Yakima River gauging stations where water was present by using 

an electronic water level meter.  The depth to groundwater measurements were converted 

to elevations based on the results of a survey conducted by Gray Surveying & 

Engineering, Inc. (see Section 2.7).   

 

On November 6, 2009, the depths to groundwater in the wells ranged from 6.19 to 19.41 

feet.  The depths to the river water at gauging stations RG-1 and RG-3 were 3.56 and 2.21 

feet, respectively.   

 

On February 1, 2010, the depths to groundwater in the wells ranged from 7.11 to 20.07 

feet.  The depths to the river water at gauging stations RG-1 and RG-3 were 2.77 and 2.32 

feet, respectively.  During the November 2009 and February 2010 monitoring events, the 

river water elevation was too low to measure the depths to the river water at stations 

RG-2 and RG-4.  A discussion of the groundwater flow patterns and the 

groundwater/river water interactions is presented in Section 2.9.  The depth to 

groundwater and river water measurements and the water elevations from this 

investigation, as well as from previous investigations, are presented in Table 4. 

 

2.6 Waste Disposal 
 

The decontamination water, development water, and sampling purge water that were 

generated from the investigation activities were temporarily stored at the southern part of 

the sawmill property in properly labeled, 55-gallon drums.  After obtaining a temporary 

permit from the City of Yakima, the water was drained into the city’s sanitary sewer 

system. 

 

2.7 Surveying 
 

Gray Surveying & Engineering, Inc., a licensed surveyor from Yakima, Washington, 

surveyed the vertical elevations of all of the newly installed monitoring wells and soil 

vapor probes, and the river elevation gauging locations.  The elevations of the ground 
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surface at each of the new investigation locations and the elevations of the tops of the 

well and probe casings were surveyed to the nearest 0.01-foot, relative to the NAVD 88 

datum.  The elevations of the wells and river gauging locations are listed in Table 4. 

 

2.8 Site Geology 
 

During this investigation and the previous investigations, the subsurface materials 

encountered beneath the southern part of the Boise Cascade property included fill and 

alluvial gravel, sand, and silt.  The fill materials consist of sand, silt, gravelly silt, sandy 

gravel, silty gravel, wood waste, and MSW.  Fill materials extend to depths of as much as 

24.5 feet bgs.  Sandy gravel with cobbles, interpreted as native soil, is typically present 

below the fill materials.  Locally, silty sand, silty gravel, or sandy silt occurs between the 

fill and sandy gravel units.  Geologic cross sections that depict the general relationships 

between the geologic units and the landfilled waste were presented in SLR’s Renedial 

Investigation Report, dated October 12, 2009.  

 

To the south, southeast, and east of the southern end of the Boise Cascade property, the 

subsurface materials encountered in the borings consisted of alluvial gravel, sandy gravel, 

sand, and silty sand. 

 

2.9 Site Hydrogeology 

The groundwater monitoring data from the 1998 hydrogeologic study and the 2009 

remedial investigation showed that the general flow direction of the shallow groundwater 

beneath the southern part of the Boise Cascade property was consistently to the southeast, 

towards the Yakima River (Landau, 1998 and SLR, 2009a).  The Yakima River is located 

approximately 300 feet to the southeast of the southeastern corner of the landfill (see 

Figure 1).   

Groundwater levels were monitored in monitoring wells MW-6, MW-7, MW-8, MW-9A, 

MW-11, MW-12, and MW-13 during February and April 2009 (SLR, 2009a), and during 

November 2009 and February 2010.  During this period, the depths to groundwater in 

these monitoring wells ranged from 9.76 to 20.70 feet below the tops of the well casings 

(6.73 to 17.95 feet bgs).  The groundwater elevations in these wells ranged from 1,038.39 

to 1,055.26 feet above the NAVD 88 datum.  Groundwater elevations were lowest during 

February 2009 in all of the wells.   

Groundwater levels were also monitored at MW-14, MW-15, MW-16, MW-17, and 

MW-18 during November 2009 and February 2010.  During this period, the depths to 

groundwater in these wells ranged from 7.11 to 18.03 feet below the tops of the well 

casings (7.18 to 15.12 feet bgs).  The groundwater elevations in these wells ranged from 
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1,032.66 to 1,046.30 feet above the NAVD 88 datum.  The depth to groundwater and 

groundwater elevation data from the 2009 and 2010 monitoring events, as well as from 

the previous groundwater monitoring events at the landfill area, are presented in Table 4.  

Construction details of the monitoring wells that were used for evaluating groundwater 

flow during this investigation are presented in Table 5.   

To evaluate potential influence of the Yakima River on the groundwater beneath the 

Yakima Landfill, SLR monitored Yakima River water levels concurrent with 

groundwater monitoring during November 2009 and February 2010.  The depth to water 

and river water elevation data are presented in Table 4.   

The interpreted groundwater elevation contours for the measurements collected on 

November 6, 2009, are shown on Figure 11, and the elevation contours for the 

measurements collected on February 1, 2010, are shown on Figure 12.  Beneath the 

landfill, the groundwater generally flows from the northwest to the southeast.  Near the 

western edge of the landfill, groundwater flow appears to be radial from the area of well 

MW-13.  The groundwater elevation data in this area suggest that a localized 

groundwater recharge source (such as the stormwater pond or a leaking underground 

water line) is present in the vicinity of MW-13, and that the flow from the recharge area is 

constrained by the relative permeabilities of surrounding soils.  These interpretations are 

consistent with data collected during February and April 2009, and with the groundwater 

geochemistry results discussed below. 

Based on the groundwater flow directions, the monitoring wells that are located directly 

upgradient of the MSW and can be used to define “background” groundwater chemistry 

for the local recharge area include MW-12 and MW-13.  Wells MW-11 and MW-18 are 

located directly upgradient of the MSW and can be used to define “background” 

groundwater chemistry for the wood waste area to the north of the MSW.  Wells that are 

located downgradient of the MSW (and the wood waste) include MW-7, MW-8, and 

MW-17.  Although well MW-9A is located upgradient of the MSW, flow near MW-9A is 

primarily northward (radial from the recharge area that is located near MW-13) and not 

towards the MSW.  Therefore, groundwater samples from well MW-9A are not 

considered representative of “background” groundwater chemistry relative to the MSW. 

In 2009 and 2010, the groundwater elevations in the apparent groundwater recharge area, 

as measured at MW-13, ranged from approximately 1,055.26 to 1,056.33 feet above the 

NAVD 88 datum.  Beneath the landfill (outside of the recharge area), the groundwater 

elevations from 1998 through 2009 ranged from approximately 1,038 to 1,047 feet above 

the NAVD 88 datum.  A comparison of groundwater elevation data and basal elevations 

of the MSW show that groundwater levels are generally at or below the base of the MSW. 

A comparison of the groundwater elevation data and the river elevation data shows that 

groundwater levels beneath the landfill area are generally higher than the Yakima River 
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elevations.  In November 2009 and February 2010, groundwater generally flowed 

southeast from the landfill towards the Yakima River.  However, the distribution of 

dissolved iron, arsenic, manganese, and sodium in the groundwater beneath the landfill 

area (see Figures 7 through 10) differs from the pattern that would be expected based on 

the groundwater flow direction observed during the 2009 and 2010 monitoring events.  

The distributions of dissolved iron, arsenic, manganese, and sodium in groundwater 

extend further south than would be anticipated.  The observed distributions of these 

analytes indicate that historical groundwater flow directions in the landfill area were 

towards the south-southeast.  It is possible that the gradients vary seasonally, with flow 

beneath the eastern portion of the landfill being more southerly during the spring and 

summer months.  It is also possible that the local recharge area near MW-13 is a 

relatively recent phenomenon and has changed historic groundwater gradients beneath the 

landfill area. 

 

The geochemical analytical data from the November 2009 and February 2010 sampling 

events indicate that Yakima River base flow differs geochemically from the area 

groundwater.  For example, the proportion of sulfate plus chloride in the groundwater 

sample collected from well MW-14 in February 2010 varied by more than 10 percent 

from the proportion in the sample collected from MW-14 in November 2009.  This 

variations appear to reflect seasonal mixing of Yakima River baseflow and area 

groundwater near this well.  MW-14 is located approximately 100 feet from the river (see 

Figure 6).  The groundwater sample analytical results for the geochemical indicators are 

shown in Table 6 and copies of the laboratory reports are presented in Appendix C. 

The ionic character of groundwater samples from the November 2009 and February 2010 

sampling events, as well as from the previous February 2009 sampling event (SLR, 

2009a), were evaluated and the results are shown graphically on Figures 13, 14, and 15.  

These figures show that the ionic composition of the groundwater from well MW-8 was 

consistent with the other site wells located outside of the groundwater recharge area in 

February 2009, but differed significantly in November 2009 and February 2010.  

Specifically, all of the groundwater samples collected during the February 2009 event are 

dominated by bicarbonate.  For the November 2009 and February 2010 events, the 

samples from MW-8 are not dominated by any anion or cation type, as the relative 

proportion of sulfate and chloride increased significantly (from less than 20 percent to 

approximately 60 percent), possibly in response to recharge from the water used to 

extinguish the September 2009 log fire.  Significant changes in ionic proportions are not 

observed in the samples collected from the other wells in November 2009 and February 

2010. 

The geochemical data also indicate that groundwater samples collected from the well 

(MW-13) near the apparent recharge area consistently contains proportionally more 

calcium and less magnesium than the samples from any of the other wells.  These data 
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suggest that the source of the groundwater recharge to the MW-13 area differs from that 

of other portions of the site. 
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3 CONCLUSIONS 

From November 2009 through February 2010, SLR conducted an additional subsurface 

investigation of the Yakima Landfill site to try to resolve the remaining data gaps 

identified in Section 1.  Based on the investigation results that were presented in Section 

2, SLR presents the following conclusions related to the environmental conditions at the 

property.   

• The laboratory-analyzed methane concentrations were similar (within 4 percent) to 

the combustible gas readings by the CES/Landtec GEM-2000 multi-gas meter; 

therefore, the analytical data confirm that the combustible gas detected by the meter 

consisted almost entirely of methane. 

• The methane concentrations measured in the soil vapor probes ranged from 0 to 

77.7 percent.  The greatest methane concentrations (61.3 to 77.7 percent) were 

detected at the probes (GP-19, GP-20, and GP-21) located within the footprint of 

the landfill (screened within MSW).  Elevated methane concentrations (41.9 to 62.4 

percent) were also detected at the probes (GP-11, GP-13, and GP-22) located to the 

north of the landfill that are screened within wood waste.  Near the northwest, west, 

and southwest edges of the landfill, the methane concentrations (19.9 to 50.0 

percent) exceeded the upper explosive limit (15 percent by volume) at probes GP-4, 

GP-5, GP-10, and GP-12.  Further to the west and southwest, along the property 

line (at probes GP-14 through GP-18), methane was not detected.  To the south and 

northeast of the landfill area, near the property line (at probes GP-6 through GP-9), 

methane was also not detected.  

• Since the landfill extends beyond the eastern property line in a localized area near 

the southeastern corner of the property and the soil vapor sampling results indicate 

that the methane concentrations in the landfill exceed the lower explosive limit 

(LEL; 5 percent by volume), the methane concentrations beyond the eastern 

property line (only near the southeastern corner of the property) likely exceed the 

LEL.   

• The soil vapor sampling results from this investigation and the previous SLR 

investigation indicate that the methane gas concentrations have been fairly 

consistent and that seasonal variations in methane gas migration beneath the 

southern part of the sawmill property are minimal.   
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• The soil vapor sample analytical results showed that specific compositional data, 

such as the relative amounts of CO2 and nitrogen, could be used to identify the 

methane gas generated by MSW and the methane gas generated by wood waste.  

Based on the soil vapor sample analytical results, it appears that the gas at probes 

located within the landfill footprint (GP-19, GP-20, and GP-21) was generated by 

decomposition of MSW, and the gas at two probes located to the north of the 

landfill (within wood waste; GP-13 and GP-22) was generated by the 

decomposition of wood waste.  However, the gas at probe GP-11 appears to be 

generated by the decomposition of MSW even though it is located approximately 60 

feet to the north of the landfill and is screened within wood waste.  Due to 

anomalously high nitrogen concentrations in the soil vapor samples from probe 

GP-3, the source of the methane concentrations near the east side of the former 

plywood plant building could not be identified. 

• Combustible gas measurements were not collected within the former plywood plant 

building; however, based on the soil vapor sampling results from this investigation 

and the previous SLR investigation, elevated methane concentrations (22.6 to 50 

percent) were measured in a soil vapor probe (GP-10) located less than 20 feet from 

the southeast corner of the building.  Therefore, it is likely that methane 

concentrations exceed the LEL in soils beneath the southern part of the building.  

Methane concentrations (13.2 to 19.5 percent) above the LEL were measured in a 

soil vapor probe (GP-3) located less than 30 feet from the east side of the building.  

Therefore, methane concentrations may exceed the LEL in soils beneath the eastern 

part of the building.  It is also possible that methane concentrations exceed 25 

percent of the LEL within portions of the building.  Based on limited wood waste 

near the southern end of the building, the methane at GP-10 is likely due to 

decomposition of MSW.  The source of the methane at GP-3 could not be 

determined. 

• None of the groundwater samples contained vinyl chloride concentrations greater 

than the MRLs; however, the MRL for the November 2009 sampling event (0.2 

µg/L) was slightly greater than the groundwater screening level (0.03 µg/L).  Since 

vinyl chloride was not detected in any of the samples collected during this 

investigation or the previous SLR investigation, vinyl chloride was eliminated as 

groundwater IHS for the Yakima Landfill site.   

• All of the groundwater samples contained dissolved arsenic concentrations (0.32 to 

6.75 µg/L) that exceeded the groundwater screening level (0.06 µg/L).  During both 

sampling events, the greatest arsenic concentrations were at the wells (MW-11 and 

MW-18) located to the north (hydraulically upgradient) of the landfill, and the 

concentrations steadily decreased with distance towards the Yakima River.  This 

indicates that the source of the arsenic-impacted groundwater is located upgradient 

of the landfill.  Since the MSW does not appear to be a source of the arsenic-
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impacted groundwater, arsenic was eliminated as a groundwater IHS for the Yakima 

Landfill site.  

• The groundwater samples from wells MW-7, MW-11, MW-12, MW-13, MW-15, 

MW-17, and MW-18, contained dissolved iron concentrations (417 to 35,400 µg/L) 

that exceeded the groundwater screening level (300 µg/L).  During both sampling 

events, the greatest iron concentrations were at the wells (MW-11 and MW-18) 

located hydraulically upgradient of the landfill and the concentrations steadily 

decreased with distance toward the Yakima River.  This indicates that the source of 

the iron-impacted groundwater is located upgradient of the landfill.  Since the MSW 

does not appear to be a source of the iron-impacted groundwater, iron was 

eliminated as a groundwater IHS for the Yakima Landfill site.   

• Since the groundwater sampling results did not indicate an increase in arsenic and 

iron concentrations at the southern (downgradient) end of the landfill, it appears that 

the arsenic and iron concentrations in the 2008 leachate samples (SLR, 2009a) are 

representative of background conditions (dissolved arsenic and iron concentrations 

from an upgradient source) and arsenic- and iron-bearing colloidal oxyhydroxides in 

the samples.  This interpretation recognizes that the leachate samples were collected 

from undeveloped temporary wells and field filtered (field filtering is known to 

have limited effectiveness in removing colloids).  The distribution of dissolved 

arsenic and iron in samples from developed monitoring wells indicates that there is 

an upgradient source of these analytes. 

• All of the groundwater samples, except both samples from MW-9A and the 

February 2010 sample from MW-14, contained dissolved manganese concentrations 

(192 to 6,290 µg/L) that exceeded the groundwater screening level (50 µg/L).  

During the November 2009 sampling event, the greatest manganese concentration 

was at a well (MW-18) located hydraulically upgradient of the landfill, and the 

concentrations decreased with distance toward the Yakima River.  During the 

February 2010 sampling event, the samples from a well (MW-8) located near the 

southern (hydraulically downgradient) end of the landfill and from upgradient well 

MW-18 contained the greatest manganese concentrations (6,290 and 5,360 µg/L, 

respectively).  The sampling results indicate that the primary source of the 

manganese-impacted groundwater is located upgradient of the landfill; however, the 

MSW appears to be contributing to the manganese concentrations.  Since the MSW 

may be a source of manganese concentrations that exceed the groundwater 

screening level, manganese was retained as a groundwater IHS.   

• The groundwater samples from wells MW-7, MW-8, MW-14, MW-16, MW-17, 

and/or MW-18 contained dissolved sodium concentrations (21,700 to 52,600 µg/L) 

that exceeded the groundwater screening level (20,000 µg/L).  During both 

sampling events, the greatest sodium concentrations (48,300 to 52,600 µg/L) were 
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at a well (MW-8) located near the southern (hydraulically downgradient) end of the 

landfill; however, the groundwater samples from upgradient well MW-18 also 

contained sodium concentrations (21,700 to 38,400 µg/L) above the screening level.  

The sampling results indicate that a source of sodium concentrations above the 

screening level is located upgradient of the landfill, and the MSW is also a 

significant source of sodium.  Since the MSW appears to be a source of sodium 

concentrations that exceed the screening level, sodium was retained as a 

groundwater IHS. 

• The manganese and sodium appear to extend to the Yakima River; however, there 

are no surface water cleanup levels for manganese or sodium. 

• Groundwater samples from wells (MW-7 and MW-8) located near the 

downgradient end of the landfill contained nitrate concentrations (10,300 to 95,300 

µg/L) that exceeded the groundwater screening level (10,000 µg/L).  During this 

investigation and the previous investigations, the groundwater samples from all of 

the other wells did not contain nitrate concentrations greater than 3,130 µg/L.  

Based on the groundwater sampling results, the source of the elevated nitrate 

concentrations at MW-7 and MW-8 is likely MSW; therefore, nitrate was retained 

as a groundwater IHS.  Based on the greater nitrate concentrations in the samples 

collected from MW-7 and MW-8 in February 2010, it appears that a slug of nitrate 

was leached from the landfill area when extinguishing the September 2009 log fire 

with a significant volume of water. 

• The nitrate concentrations above the screening level likely extend beyond the 

southern end of the sawmill property; however, the elevated concentrations do not 

appear to extend beyond the neighboring JELD-WEN property. 

• During the November 2009 groundwater sampling event, the groundwater samples 

from upgradient wells MW-11 and MW-18 and from wells located near the 

downgradient end of the landfill (MW-7 and MW-8) contained pH values (6.34 to 

6.47) that were more acidic than the groundwater screening level range (6.5 to 8.5).  

During the February 2010 groundwater sampling event, the groundwater samples 

from downgradient wells MW-7 and MW-8 contained pH values (6.23 to 6.47) that 

were more acidic than the screening level range.  The pH values at MW-11 and 

MW-18 (6.50 and 6.57, respectively) were at the bottom of the acceptable range.  

The groundwater sampling results indicate that the primary source of the acidic 

groundwater conditions is located hydraulically upgradient of the MSW; however, 

the MSW is contributing slightly to the acidic conditions.  Since the MSW is not the 

primary source of the acidic groundwater conditions, pH was eliminated as a 

groundwater IHS for the Yakima Landfill site.   
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• Groundwater monitoring data indicate that the groundwater flows to the south or 

southeast beneath the landfill.  Groundwater level data from November 2009 and 

February 2010 indicate that groundwater flows generally to the southeast beneath 

the landfill; however, based on the distribution of several groundwater analytes 

(iron, arsenic, manganese, and sodium), it appears that the groundwater beneath the 

landfill area has historically flowed to the south-southeast.  

• Groundwater level data and geochemical data indicate that a source of groundwater 

recharge (such as the stormwater pond or a leaking underground water line) is 

present near MW-13.  Groundwater derived from this recharge source affects 

groundwater flow and geochemistry beneath the landfilled area.  
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LIMITATIONS 

The services described in this report were performed consistent with generally accepted 

professional consulting principles and practices.  No other warranty, express or implied, is 

made.  These services were performed consistent with our agreement with our client.  This 

report is solely for the use and information of our client unless otherwise noted.  Any reliance 

on this report by a third party is at such party's sole risk.   

Opinions and recommendations contained in this report apply to conditions existing when 

services were performed and are intended only for the client, purposes, locations, time 

frames, and project parameters indicated.  We are not responsible for the impacts of any 

changes in environmental standards, practices, or regulations subsequent to performance of 

services.  We do not warrant the accuracy of information supplied by others, nor the use of 

segregated portions of this report. 
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Table 1

Combustible Gas Survey Results

Closed City of Yakima Landfill

Yakima, Washington

2/24/2009 19.5 14.8 0.0

4/17/2009 17.8 12.0 0.3

11/5/2009 13.7 15.8 0.0

2/3/2010 13.2 12.2 0.0

2/25/2009 22.4 9.2 0.0

4/17/2009 21.6 11.9 0.0

11/5/2009 37.2 17.1 0.0

2/3/2010 37.8 10.2 0.5

2/25/2009 17.6 13.7 0.0

4/17/2009 16.2 12.7 0.0

11/5/2009 27.2 17.2 0.8

2/3/2010 19.9 13.5 0.0

2/25/2009 0.1 12.7 6.1

4/17/2009 0.2 11.3 8.5

11/5/2009 0.0 18.4 3.9

2/3/2010 0.0 13.4 5.6

2/25/2009 0.0 1.8 19.2

4/17/2009 0.1 2.7 19.4

11/5/2009 0.0 1.8 19.2

2/3/2010 0.0 2.5 18.9

2/25/2009 0.0 3.8 15.3

4/17/2009 0.1 4.8 14.2

11/5/2009 0.0 2.9 17.9

2/3/2010 0.0 2.7 17.8

2/25/2009 0.1 2.0 17.5

4/17/2009 0.1 3.3 17.8

11/5/2009 0.0 3.1 18.3

2/3/2010 0.0 4.5 15.9

2/25/2009 22.6 16.8 0.0

4/17/2009 32.4 21.4 0.0

11/5/2009 41.3 31.4 1.5

2/3/2010 50.0 24.1 0.0

2/25/2009 58.5 33.9 0.0

4/17/2009 51.7 35.6 0.0

11/5/2009 57.4 39.0 0.0

2/3/2010 62.4 36.2 0.0

GP-3

GP-9

GP-10

GP-11

GP-5

GP-6

GP-7

GP-8

Gas Concentration
a
 (%)

Soil Vapor

Probe ID

GP-4

Date Combustible Gas 

(Presumably Methane)

Carbon 

Dioxide
Oxygen
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Table 1

Combustible Gas Survey Results

Closed City of Yakima Landfill

Yakima, Washington

Gas Concentration
a
 (%)

Soil Vapor

Probe ID
Date Combustible Gas 

(Presumably Methane)

Carbon 

Dioxide
Oxygen

2/25/2009 15.4 18.8 0.0

4/17/2009 21.3 21.1 0.0

11/5/2009 24.2 24.8 3.2

2/3/2010 28.1 23.3 0.0

2/25/2009 51.6 40.1 0.0

4/17/2009 53.7 43.1 0.0

11/5/2009 41.9 40.8 0.0

2/3/2010 45.4 39.9 0.0

GP-14 4/17/2009 0.0 3.9 15.0

11/5/2009 0.0 4.2 16.3

2/3/2010 0.0 3.3 16.5

GP-15 4/17/2009 0.0 2.0 18.5

11/5/2009 0.0 0.7 20.2

2/3/2010 0.0 1.1 19.4

GP-16 4/17/2009 0.0 1.7 19.0

11/5/2009 0.0 1.3 19.7

2/3/2010 0.0 1.8 18.8

GP-17 4/17/2009 0.2 1.5 19.6

11/5/2009 0.0 1.9 17.3

2/3/2010 0.0 1.3 19.1

GP-18 4/17/2009 0.1 0.5 21.0

11/5/2009 0.0 0.7 20.4

2/3/2010 0.0 0.7 20.0

GP-19 11/5/2009 61.3 39.8 0.0

2/3/2010 69.5 35.5 0.0

GP-20 11/5/2009 65.9 35.8 0.0

2/3/2010 77.7 26.0 0.0

GP-21 11/5/2009 69.3 25.7 0.0

2/3/2010 75.7 24.8 0.0

GP-22 11/5/2009 43.1 43.2 0.0

2/3/2010

Notes:

Oxygen = O2.

The lower explosive limit (LEL) and upper explosive limit (UEL) for methane are 5 percent by volume 
and 15 percent by volume, respectively.

a
Concentrations were measured by using a CES/Landtec GEM-2000 multi-gas monitor.

Not measured.  Probe had been destroyed.

GP-13

GP-12
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Table 2

Groundwater Sample Analytical Results - 

Preliminary Indicator Hazardous Substances

Closed City of Yakima Landfill

Yakima, Washington

pH
b

Arsenic
c

Iron
c

Manganese
c

Nitrate
d

Sodium
c

Vinyl Chloride
e

6.5 to 8.5 0.06 300 50 10,000 20,000 0.03

2/6/2008 6.49 <50
g

37,500 2,520 <50 22,900 0.06

2/26/2009 6.28 3.83 23,700 1,950 1,610 19,300 <0.03

11/4/2009 6.45 3.06 18,500 2,330 199 22,900 <0.2
g

2/4/2010 6.47 0.39 22 1,590 10,300 28,600 <0.03 J

MW37 (dupl. of MW-7) 2/4/2010 6.36 1.20 851 1,750 11,200 28,900 <0.03 J

2/6/2008 6.76 <50
g

12,200 2,340 200 33,800 0.034

2/26/2009 6.54 <1
g

3,330 2,380 14,400 27,000 <0.03

11/4/2009 6.34 0.98 E 45 2,690 17,900 48,300 <0.2
g

2/4/2010 6.28 0.93 <20 6,290 95,300 52,600 <0.03 J

MW38 (dupl. of MW-8) 2/4/2010 6.23 0.97 <20 6,210 94,700 51,800 <0.03 J

3/25/2008 6.77 <50
g

270 872 1,410 15,700 <1
g

2/26/2009 6.69 <1
g

<10 <10 2,180 10,900 <0.03

` 11/4/2009 6.72 0.93 E <20 13.3 3,130 11,100 <0.2
g

` 2/4/2010 6.65 1.00 <20 <1 2,800 14,400 <0.03 J

2/26/2009 6.28 4.33 24,100 1,410 33 15,300 <0.03

11/4/2009 6.47 4.80 35,400 1,890 27 17,300 <0.2
g

2/4/2010 6.50 3.01 7,200 1,610 28 20,100 <0.03 J

2/26/2009 6.01 <1
g

7,600 503 14 10,300 <0.03

11/4/2009 6.53 2.01 5,840 745 16 13,300 <0.2
g

2/4/2010 6.34 0.87 3,000 767 24 16,700 <0.03 J

2/26/2009 6.49 <1
g

3,650 649 18 10,700 <0.03

11/4/2009 6.85 0.36 E 1,550 287 26 7,760 <0.2
g

2/4/2010 7.22 0.26 495 192 201 9,370 <0.03 J

11/5/2009 6.90 0.61 E 63 331 265 27,800 <0.2
g

2/4/2010 7.19 0.32 <20 2.88 2,710 15,900 <0.03 J

11/5/2009 6.61 1.39 7,970 993 13 9,600 <0.2
g

2/4/2010 6.66 0.71 876 1,080 15 11,300 <0.03 J

11/5/2009 6.76 0.77 E <20 587 306 36,800 <0.2
g

2/4/2010 6.60 0.72 <20 917 18 23,800 <0.03 J

11/5/2009 6.50 2.15 16,800 2,150 27 23,400 <0.2
g

2/4/2010 6.67 0.85 1,750 2,580 806 27,800 <0.03 J

11/5/2009 6.36 6.75 26,100 4,450 35 38,400 <0.2
g

2/4/2010 6.57 2.08 4,910 5,360 134 21,700 <0.03 J

Notes:

NE = Cleanup level not established.

NA = Not analyzed.

µg/L = micrograms per liter (ppb).

E = Value was reported by laboratory as an estimate because it is below the normal reporting limit.

J = Value was reported by laboratory as an estimate because it was analyzed outside of the recommended holding time.  The sample 

initially did not contain a detectable concentration above a higher reporting limit (0.2 µg/L), and the re-analysis to a lower reporting limit

was outside of the holding time.

Values in bold exceed the groundwater screening level.
a

Samples collected on 2/6/2008 by Parametrix.  Samples collected on 2/26/2009, 11/4/2009, 11/5/2009, and 2/4/2010 by SLR.
b

c

d

e

f

g
Method reporting limit exceeded the screening level.

MW-11

Groundwater screening levels were the lowest selected federal maximum contaminant level (MCL) for protection of drinking water or the 

lowest available state water quality criteria (WQC) for protection of surface water.  If an MCL or a WQC were not available, then the 

screening level was obtained from the MTCA Method B equation for groundwater or surface water.

MW-14

MW-15

MW-16

MW-17

Samples collected on 2/6/2008 analyzed for dissolved metals by EPA Method SW6010B.  Samples collected on 2/26/2009, 11/4/2009, 

11/5/2009, and 2/4/2010 analyzed for dissolved metals by EPA Method 200.8.

Samples analyzed for nitrate by EPA Method 300.0.

Samples analyzed for vinyl chloride by EPA Method 8260C.

Well ID

MW-7

Analytical Result (µg/L)

MW-9A

Lowest Groundwater Screening Level
f

Date
a

MW-8

MW-18

MW-12

MW-13

Samples collected on 2/6/2008 analyzed for pH by EPA Method 150.1.  Samples collected on 2/26/2009, 11/4/2009, 11/5/2009, and 

2/4/2010 analyzed for pH by EPA Method 9040C.

T:\1 PROJECTS\001.0221.00006 Yakima Landfill\Additional Investigation Report\Report Tables.xls 1 of 1



Table 3

River Water Sample Analytical Results

Closed City of Yakima  Landfill

Yakima, Washington

11/5/2009 6.80 0.52 E <20 6.96 171 5,020

2/4/2010 8.04 0.45 <20 2.72 321 6,540

Notes:

µg/L = micrograms per liter (ppb).

E = Value was reported by laboratory as an estimate because it is below the 
       normal reporting limit.
a
All river water samples were collected at river gauging point RG-1.

b
Samples analyzed for pH by EPA Method 9040C.

c
Samples analyzed for dissolved metals by EPA Method 200.8.

d
Samples analyzed for nitrate by EPA Method 300.0.

RG1-0210

River-1109

Analytical Result (µg/L)Sampling 

Point ID
a Date

pH
b

Arsenic
c

Iron
c

Manganese
c

Nitrate
d

Sodium
c
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Table 4

Groundwater and River Water Monitoring Data

Closed City of Yakima Landfill

Yakima, Washington

1059.68 7/28/1998 12.70 1046.98

8/21/1998 12.39 1047.29

9/21/1998 12.55 1047.13

10/16/1998 13.34 1046.34

10/10/2006 12.63 1047.05

2/12/2007 14.20 1045.48

2/7/2008 15.47 1044.21

2/26/2009 14.94 1044.74

4/17/2009 13.39 1046.29

11/6/2009 14.20 1045.48

2/1/2010 14.41 1045.27

1049.05 7/28/1998 7.64 1041.41

8/21/1998 7.68 1041.37

9/21/1998 7.84 1041.21

10/16/1998 8.45 1040.60

10/10/2006 8.40 1040.65

2/12/2007 10.06 1038.99

2/7/2008 10.89 1038.16

2/26/2009 10.66 1038.39

4/17/2009 9.76 1039.29

11/6/2009 9.51 1039.54

2/1/2010 10.02 1039.03

1051.59 7/28/1998 5.57 1046.02

8/21/1998 5.54 1046.05

9/21/1998 5.74 1045.85

10/16/1998 6.19 1045.40

2/6/2008 10.70 1040.89

2/26/2009 10.97 1040.62

4/17/2009 10.17 1041.42

11/6/2009 8.77 1042.82

2/1/2010 10.14 1041.45

1064.46 3/25/2008 16.85 1047.61

2/26/2009 15.25 1049.21

4/17/2009 12.19 1052.27

11/6/2009 12.48 1051.98

2/1/2010 13.80 1050.66

1065.94 2/26/2009 20.70 1045.24

4/17/2009 20.23 1045.71

11/6/2009 19.41 1046.53

2/1/2010 20.07 1045.87

Groundwater 

Elevation (feet)

Measuring Point 

ID

MW-6

MW-7

Elevation
a 

(feet)
Date

Depth to Water
b 

(feet)

Groundwater Monitoring Wells

MW-8

MW-11

MW-9A
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Table 4

Groundwater and River Water Monitoring Data

Closed City of Yakima Landfill

Yakima, Washington

Groundwater 

Elevation (feet)

Measuring Point 

ID

Elevation
a 

(feet)
Date

Depth to Water
b 

(feet)

1068.53 2/26/2009 15.40 1053.13

4/17/2009 15.34 1053.19

11/6/2009 15.32 1053.21

2/1/2010 15.41 1053.12

1066.13 2/26/2009 10.87 1055.26

4/17/2009 10.87 1055.26

11/6/2009 10.49 1055.64

2/1/2010 9.80 1056.33

1041.39 11/6/2009 8.73 1032.66

2/1/2010 8.41 1032.98

1050.59 11/6/2009 13.12 1037.47

2/1/2010 12.68 1037.91

1046.84 11/6/2009 7.61 1039.23

2/1/2010 9.36 1037.48

1044.29 11/6/2009 6.19 1038.10

2/1/2010 7.11 1037.18

1063.85 11/6/2009 17.55 1046.30

2/1/2010 18.03 1045.82

1044.03 11/6/2009 3.56 1040.47

2/1/2010 2.77 1041.26

1041.96 11/6/2009 NM --

2/1/2010 NM --

1037.37 11/6/2009 3.75 1033.62

2/1/2010 2.32 1035.05

1033.42 11/6/2009 NM --

2/1/2010 NM --

Notes:
a

b

NM = Not measured because river water was not present directly below the gauging station.

Groundwater Monitoring Wells (continued)

MW-15

MW-16

Yakima River Gauging Stations

MW-14

MW-18

MW-12

MW-17

MW-13

Wells MW-6, MW-7, MW-8, MW-11, MW-12, MW-13, and MW-18 are completed above ground 

and the top of each well casing is approximately 3 feet above the ground surface.  Wells MW-9A, 

MW-14, MW-15, MW-16, and MW-17 are flush-grade completions.  The ground surface 

elevation at each well location is listed in Table 5.

RG-1

RG-2

RG-3

RG-4

Elevations of top of well casings and river gauging points surveyed to NAVD 88 datum by 

Gray Surveying & Engineering, Inc., in February and November 2009.

Depth to water measured from top of well casing or from river gauging point by using an 

electric water level meter.
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Table 5

Monitoring Well Construction Details

Closed City of Yakima Landfill

Yakima, Washington

Top of 

Casing 

Elevation

Ground 

Surface 

Elevation

Depth to 

Top of 

Screen

Depth to 

Base of 

Screen

Depth to 

Top of 

Sand

Depth to 

Bottom of 

Boring

Top of 

Screen 

Elevation

Base of 

Screen 

Elevation

Top of 

Sand 

Elevation

Bottom of 

Boring 

Elevation

(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)

MW-6 1059.7 1056.9 9.5 19.0 6.5 20.0 1047.4 1037.9 1050.4 1036.9

MW-7 1049.1 1046.0 4.8 14.8 3.5 15.3 1041.2 1031.2 1042.5 1030.7

MW-8 1051.6 1048.6 4.5 14.8 3.5 15.0 1044.1 1033.8 1045.1 1033.6

MW-9A 1064.5 1064.9 14.0 29.0 11.0 29.0 1050.9 1035.9 1053.9 1035.9

MW-11 1065.9 1063.2 6.0 20.8 4.0 22.0 1057.2 1042.4 1059.2 1041.2

MW-12 1068.5 1065.7 6.2 21.0 4.0 22.0 1059.5 1044.7 1061.7 1043.7

MW-13 1066.1 1063.6 6.2 21.0 4.0 21.5 1057.4 1042.6 1059.6 1042.1

MW-14 1041.4 1041.3 3.1 17.7 2.0 18.0 1038.2 1023.6 1039.3 1023.3

MW-15 1050.6 1050.8 5.1 19.7 3.5 20.3 1045.7 1031.1 1047.3 1030.5

MW-16 1046.8 1047.2 3.9 13.7 3.0 14.0 1043.3 1033.5 1044.2 1033.2

MW-17 1044.3 1044.4 3.9 13.7 3.0 14.0 1040.5 1030.7 1041.4 1030.4

MW-18 1063.9 1060.9 6.6 21.2 4.0 21.5 1054.3 1039.7 1056.9 1039.4

Note:

Elevation data from surveys conducted by Gray Surveying & Engineering, Inc., in February and November 2009.  Elevations relative to NAVD 88 datum.

Well
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Table 6

Groundwater Sample Analytical Results - Geochemical Indicators

Closed City of Yakima Landfill

Yakima, Washington

Alkalinity
b

Chloride
c

Sulfate
c

Calcium
d

Magnesium
d

(mg CaCO3/L) (mg/L) (mg/L) (mg/L) (mg/L)

2/6/2008 274 19.4 5.5 48.1 NA

2/26/2009 264 20.7 <1.0 39.9 15.0

11/4/2009 241 21.9 9.12 49.1 18.2

2/4/2010 263 24.1 1.40 52.4 17.9

MW37 (dupl. of MW-7) 2/4/2010 264 23.6 <1.0 57.5 18.1

2/6/2008 306 32.8 5.6 39.1 NA

2/26/2009 284 32.8 3.02 35.4 15.6

11/4/2009 174 108 58.0 51.4 27.6

2/4/2010 187 111 53.3 118 54.5

MW38 (dupl. of MW-8) 2/4/2010 188 112 55.0 109 54.2

3/25/2008 127 15.6 17.9 29.4 NA

2/26/2009 118 15.2 7.9 26.6 8.57

11/4/2009 97.5 10.9 10.7 23.8 8.02

2/4/2010 118 13.1 12.7 26.8 8.92

2/26/2009 216 11.9 <1.0 30.0 10.7

11/4/2009 202 13.5 <1.0 44.8 14.5

2/4/2010 196 11.9 <1.0 31.6 11.0

2/26/2009 67.5 7.62 6.17 9.14 3.53

11/4/2009 84.0 6.96 <1.0 14.2 4.32

2/4/2010 98.4 10.6 3.68 17.4 5.67

2/26/2009 136 6.06 4.63 31.7 3.55

11/4/2009 72.4 6.26 1.89 19.1 1.83

2/4/2010 57.4 6.33 12.5 18.0 1.64

11/5/2009 117 35.4 12.1 17.3 8.29

2/4/2010 62.2 29.8 14.6 19.9 7.33

11/5/2009 123 8.27 <1.0 18.1 8.32

2/4/2010 128 10.9 <1.0 23.5 8.68

11/5/2009 190 28.5 110 49.4 18.6

2/4/2010 192 26.7 10.6 37.8 12.2

11/5/2009 236 18.0 <1.0 35.4 13.8

2/4/2010 284 22.3 3.12 47.8 16.5

11/5/2009 345 37.0 1.69 49.7 24.4

2/4/2010 356 19.7 <1.0 69.4 25.2

Notes:

mg/L = milligrams per liter (ppm).

Values in bold exceed the groundwater screening level or are outside of the screening level range (pH only).
a

Samples collected on 2/6/2008 by Parametrix.  Samples collected on 2/26/2009 by SLR.
b

c

d

MW-16

MW-17

MW-18

MW-14

MW-15

MW-11

MW-9A

MW-8

Well ID

MW-7

Samples analyzed for calcium and magnesium by EPA Method 200.8.

Samples collected on 2/6/2008 analyzed for chloride by EPA Method 325.2 and sulfate by EPA Method 375.2.  

Samples collected on 2/26/2009, 11/4/2009, and 11/5/2009 analyzed for chloride and sulfate by EPA Method 

300.0.

Samples collected on 2/6/2008 analyzed for alkalinity by EPA Method SM 2320.  Samples collected on 

2/26/2009, 11/4/2009, and 11/5/2009 analyzed for alkalinity by EPA Method 310.1.

Analytical Result

MW-12

MW-13

Date
a
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APPENDIX A 
 

SOIL BORING LOGS 







































 

 

APPENDIX B 
 

PLOT OF NITROGEN TO METHANE RATIOS AND CO2 TO 
METHANE RATIOS IN SOIL VAPOR SAMPLES
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LABORATORY REPORTS 
















































































































































































































































































































































