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1.0 Introduction

This Remedial Investigation (RI) Summary Report for the Horn Rapids Landfill (Landfill)
describes RI activities performed, investigation results, and provides recommendations for
additional work to be performed. This RI Summary Report was prepared by Shaw
Environmental & Infrastructure, Inc. under contract to the city of Richland (City).

The RI was performed to investigate the impacts from a volatile organic compound (VOC)
groundwater discovered in monitoring wells located on landfill property. This RIis being
performed following the City’s decision to perform an independent cleanup action under the
State of Washington’s Model Toxics Control Act (MTCA). In 1998, the City installed two
groundwater monitoring wells inside the permitted disposal area. These wells were in addition
to the four existing monitoring wells located along the boundary of the Landfill. Groundwater
sampled from the two new wells contained VOCs in excess of the MTCA limits (Washington
Administrative Code [WAC] 173-340). Due to these exceedances, the City chose to pursue an
independent cleanup of the groundwater. The independent cleanup consists of performing a RI

and feasibility study as required under the MTCA.

The RI was initiated in 2000, to install four new groundwater monitoring wells to investigate the
extent of impacted groundwater. The RI activities were described in the Horn Rapids Landfill
Remedial Investigation Work Plan (Work Plan) (IT, 2000). Following well installation,
groundwater samples were collected from all ten Landfill groundwater monitoring wells for five
consecutive quarters. This report presents the results of the well installation and groundwater

sampling and makes recommendations for additional work to be conducted at the Landfill.

1.1 Background

The City completed construction of the Landfill in 1976, and has operated it since for the »
disposal of municipal solid waste. The Landfill is sited within a 275-acre parcel of City
property, of which 46 acres are permitted for the disposal of solid waste (Figure 1, “Horn Rapids
Landfill and Vicinity Location Map”). Twin Bridges Road (formerly Grosscup) bounds the
parcel on the west, on the north by Horn Rapids Road, and on the south by State Route 240.

Recently, an undocumented waste disposal area was discovered approximately 1,200 feet
northwest of the northwest corner of the current permitted area boundary (Figure 2). The area is

approximately one acre in size and is covered by several feet of soil. The thickness of the waste
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is unknown, as is the operational history of this waste site. The contents are thought to be

municipal waste.

1.1.1  Groundwater Monitoring

Documented groundwater monitoring has been performed at the Landfill since 1987, and is
documented in annual groundwater monitoring reports. Groundwater monitoring is currently
conducted at ten monitoring wells (Figure 2, “Horn Rapids Landfill Site Map”). Well 1 is
located west of the Landfill and is one of two upgradient groundwater monitoring wells.

Wells 2, 3, and 4 are located along the eastern property boundary and are approximately 2,800
feet east of Well 1. Groundwater Monitoring Wells 5 and 6 were installed in 1998. These wells
are located immediately east of the 46-acre active portion of the Landfill. These wells are
approximately 1,300 feet east of Well 1. Four new wells were installed in January 2001 as part
of this RI. Well 7 was installed upgradient of the Landfill at the northwest corner of the Landfill.
Wells 8 and 9 were installed along the southern boundary of the Landfill. Well 10 was installed

north of Well 5 to evaluate the extent of groundwater impacts.

Groundwater chemical monitoring data has been collected from Wells 1, 2, 3, and 4 since 1987,
but the City considers the data collected before 1992 suspect’ (Richland, 2000). Groundwater
monitoring data has been collected from Wells 5 and 6 since 1998, and data from Wells 7
through 10 have been collected since April 2001.

1.1.2  Vadose Zone Monitoring

The vadose zone is monitored by four lysimeters, which were installed at the Landfill in 1993, to
collect leachate from the vadose zone directly below the refuse deposit. The lysimeters are
located below the active Landfill cell. Leachate from each lysimeter drains to a common
sampling pit and can be collected from any of four sampling ports. Leachate samples are
collected semiannually by the City. Results show that various inorganic and organic constituents
have been detected in the leachate, some of which have been detected in Monitoring Wells 5

and 6 (Richland, 2002).

1.1.3  Methane Monitoring

Methane monitoring is conducted quarterly by the City from 11 permanent subsurface gas probe
locations. Methane monitoring results show that a considerable amount of methane gas was
detected near the location where animal carcasses were disposed. Methane has also been

detected in several other monitoring locations along the adjacent to the active Landfill.

1 The data is suspect, because of the lack of adequate sampling equipment and procedures. This problem was
corrected with the installation of new sampling pumps in early 1992.
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Monitoring locations along the perimeter of the Landfill show that migration of methane gas
outside of the Landfill is not occurring (Richland, 2002)

1.2  Regulatory Controls
The Landfill is regulated under WAC 173-351. After discovery of groundwater contamination

by hazardous constituents in excess of their respective maximum contaminant levels, the City
chose to proactively perform an independent cleanup action to remediate the groundwater. This
action is taken as identified in the W AC independent remedial action process (173-340).

1.3 Organization of this Report

This report presents the results of the well installation, aquifer testing, and five quarters of
groundwater monitoring for the four new monitoring wells, and makes recommendations for
additional investigations at the site. Section 1.0 presented the introduction, background, and
regulatory controls. Section 2.0 presents the site conditions. Section 3.0 summarizes the field
activities performed. Section 4.0 discusses the results of the groundwater monitoring and extent
of groundwater impact. Section 5.0 presents recommendations for additional investigations at

the site. Section 6.0 presents the references used in this report.
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2.0 Site Conditions

This section describes the conditions of the Landfill site and the surrounding area. Described are
the physical features of the site including topography and adjacent properties and their uses; the
hydrogeologic features that are important to the understanding of the occurrence and movement
of groundwater and contaminants in the groundwater; and the impacts to groundwater that have

been observed.

21  Physical Features

The Landfill is located directly east of the intersection of Twin Bridges (formerly Grosscup)
Road and State Highway 240 (Figure 1). The Landfill consists of 46 acres permitted for the
disposal of solid waste and support facilities including a medium-risk Hazardous Waste

Receiving Facility.

W es
@ the Landfill is the Off-road Vehicle (ORV) Park. A portion of the ORV Park has been

e«@)ped with rest rooms and picnic facilities. A boat racing facility was constructed at the
ORV Park in 1999. The racing facility consists of shallow unlined waterways and are only

flooded during a race. The water is allowed to seep out of the waterways after a race.

Ground elevation of the Landfill site is between approximately 460-feet and 500-feet above
mean sea level. The surface of the Landfill has been reworked through the excavation of
disposal cells and the subsequent filling with solid waste. Once a cell is filled, it is covered with

soil. Borrow material is being used for cover in the active portion of the Landfill.

Immediately east of the 275 acre landfill parcel are circle-irrigated agricultural fields. These
fields are used to grow alfalfa hay, corn, and potatoes. Irrigation water for these circles is
obtained from the Columbia River and not from a groundwater source. Irrigated fields are also
located west of the Landfill across State Highway 240. These fields have been in use for more

than 13 years with irrigation occurring between the months of April and October.

22  Hydrogeology

The Landfill is within the central Pasco Basin in the Columbia Basin physiographic subprovence
of the Columbia Intermontaine Province. The area is within the rain shadow of the Cascade
Mountains. Precipitation in the area averages 6.76-inches per year (HMS, 2000), with more than
40 percent of the precipitation occurring from November to January. The following sections

describe the geology and hydrology of the site.
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221 Geology

The following geologic units, in ascending stratigraphic order, underlie the Landfill:

Columbia River Basalt Group with interbeds of the Ellensburg Formation
Ringold Formation

Plio-Pleistocene sediments

Hanford formation

The Hanford formation is the primary geologic unit of concern at the Landfill site. The Hanford
formation consists of sediments that were deposited during the numerous episodes of
catastrophic rapid draining of glacial Lake Missoula in western Montana and northern Idaho.
Massive volumes of water were released from the lake following breaching of the ice dams on
the lake. The floodwaters scoured the land surface, and locally eroded into the Ringold
Formation and basalts. These floods deposited thick sequences of sediments. The Hanford
formation is separated into two lithofacies the Pasco Gravels and the Touchet Beds. The Pasco
Gravels are comprised of poorly sorted gravels and coarse sands. The Touchet Beds facies
consist of rhythmically bedded sequences of silt, sand, and minor gravel lenses. These sediments
are located in areas where slack-water conditions existed. The Hanford formation in the vicinity
of the Landfill is mantled with eolian sediments, including loess and active and stabilized sand

dunes.

Depth to the top of the Columbia River Basalt group is approximately 170 feet below ground
surface. Sediments below the site consist primarily of sands and silty sands of the Pasco Gravels

and eolian deposits. Occasional lenses of gravel have also been noted in boring logs.

222 Hydrology
Surface water occurrence near the Landfill is limited to the occasional impoundment of water
used for boat racing at the ORV Park. The Yakima River is approximately 2 miles west of the

site.

Groundwater beneath the site occurs under confined to unconfined conditions. Confined to
semiconfined aquifers occur within the Columbia River Basalt Group. The unconfined aquifer
occurs within the Ringold and Hanford formations. This aquifer is the uppermost-unconfined
aquifer beneath the site. Sources of natural recharge to this aquifer are rainfall and river water
along influent reaches of the Yakima River. Artificial recharge occurs from agricultural
irrigation adjacent to the east boundary and west of the Landfill across Highway 240, dust
suppression at the Landfill, a small amount of irrigation at the ORV Park, and infiltration of

water used to fill the boat racing facility.
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Regional groundwater flow is west to east towards the Columbia River and is illustrated by the
groundwater elevation map shown on Figure 3, “Regional Groundwater Elevation Map,

July 1989” (Liikala, 1994). The Landfill area on the map is indicated by the series of four wells
immediately west of the 375.5-feet groundwater elevation contour line. The regional horizontal
groundwater gradient is approximately 0.003-feet/feet. Liikala reports an upward vertical
hydraulic gradient of 0.36-feet/feet.

Groundwater elevations beneath the Landfill site have been impacted by agricultural irrigation
activities. Water-level hydrographs of the ten monitoring wells are provided on Figure 4, “Horn
Rapids Landfill Monitoring Well Hydrographs.” These hydrographs show a steady increase in
water-level elevation from 1986 through the present. The hydrographs for Wells 1 and 7 show a
high peak in the summer of 2000 and 2001, likely due to the infiltration of water from the boat
racing facility at the ORV Park. These peaks can also be seen on other wells, but are more
subdued due their greater distance from the boat racing facility. Figures 5 through 9 are water
level elevation maps for the years 1987, 1995, 1998, 2000, and 2002. These maps illustrate that
water levels have been rising in all wells. This rise is interpreted to be due to artificial recharge
from the irrigated fields. The impacts from the groundwater elevation rise have been the greatest
in Wells MW-2, MW-3, and MW-4. The water elevation maps also show that not only have the
water levels been rising, but that the flow direction and gradient have also changed. Based on
the limited number of wells at the site in 1987, groundwater flow direction appears to be from
west to east with a gradient of approximately 0.001-feet/feet. This is consistent for the regional
groundwater flow direction reported by Liikala (1994). In 1995, the flow direction appears to be
changing to southeasterly with a gradient of 0.0004-feet/feet. Two new monitoring wells (MW-5
and MW-6) were installed in 1998, and with the installation of the four new monitoring wells in
2001, the groundwater flow direction and gradient has been refined. The data show that the flow
direction in the western portion of the Landfill is to the east, changing to the southeast near
Wells 5 and 6 in the central portion of the Landfill. The horizontal groundwater gradient in the
western portion of the Landfill is approximately 0.0008-feet/feet to the east and in the eastern
portion of the Landfill, the gradient between is approximately 0.0002-feet/feet to the southeast.

The change in flow direction and gradient illustrates that groundwater has been significantly

impacted by agricultural irrigation adjacent to the Landfill.
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3.0 Remedial Investigation Activities

Remedial investigation activities were described in the Work Plan (IT, 2000) and consisted of
the installation of four new groundwater monitoring wells, performing aquifer slug tests to
determine aquifer parameters, and performing groundwater sampling and analysis for five
consecutive quarters. The following describes the field activities and groundwater monitoring

analytical parameters.

3.1 Monitoring Well Installation

Four groundwater monitoring wells were installed across the top of the upper water bearing
zone. Well 7 was placed upgradient of the active Landfill to refine the upgradient groundwater
flow direction. Wells 8 and 9 were installed along the southern boundary of the Landfill to
determine whether VOC contaminants have migrated off site. Well 10 was located north of

Wells 5 and 6 to evaluate the extent of groundwater impacts within the Landfill.

Wells were installed using air rotary drilling methods. Wells were logged by a geologist and
boring logs prepared. The boring logs are included in Appendix A. Soil samples were collected
for geotechnical testing from Wells 8, 9, and 10 to provide soil foundation data. No geotechnical
samples were collected from Well 7. Samples were tested for moisture content per American
Society for Testing and Materials (ASTM) Method D2216 (1998a), Atterberg Limits per ASTM
Method D4318 (2002a), Sieve Analysis per ASTM Method D422 (1998b), and permeability per
ASTM Method D5084 (2000b). Results of the testing are included in Appendix B.

Wells were screened across the top of the upper water-bearing zone using 2-inch inside diameter
schedule 40, polyvinyl chloride (PVC) well materials. Screens were 0.010-inch machine slotted
PVC. Screens were placed with approximately 10 feet of screen below the water table and 5 feet
above. Table 1, “Monitoring Well Completion Details” lists the well completion details.

Following completion and development of the new monitoring wells, aquifer slug tests were
conducted to determine the near-field hydraulic conductivity of the upper water bearing zone.
The tests were conducted by:

» Measuring the depth to water in the well

» Installing a pressure transducer with automated data logger

» Allowing the water level to stabilize a minimum of 15 minutes prior to slug
insertion
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» Inserting a slug, consisting of a PVC pipe filled with sand, into the water

» Recording the water level change, recovery, and time required to reach recovery
using the downhole pressure transducer and data logger.

o Performing both slug in and slug out tests.

Results are discussed in Section 4.1

32  Groundwater Analyses

A Grundfos Rediflo-2 submersible pump and associated tubing was installed in each well for
groundwater sampling. Groundwater samples were collected from each monitoring well at the

Landfill and analyzed for the following constituents

e VOC by U.S. Environmental Protection Agency (EPA) Method 6280B
» Total metals by EPA Method 6020/200.8

» Dissolved metals by EPA Method 200.8

 Sulfate and chloride by EPA Method 300.0

o Alkalinity by EPA Method 310.1

¢ Bicarbonate by EPA Method 2320B

e Ammonia as nitrogen by EPA Method 350.3

o Total dissolved solids by EPA Method 2540C

o Total organic carbon by EPA Method SM5310C

o Methane, ethane, and ethane by Method RSK 175

In addition, field measurements of pH, specific conductance, temperature, oxidation/reduction
potential (ORP), dissolved oxygen, and ferrous iron were collected. Analytical results are

provided in Appendix C.
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4.0 Remedial Investigation Results

The following subsections describe the results of the RI.

4.1  Hydrogeology

'The four new groundwater monitoring wells were installed across the top 10 feet of the upper
unconfined aquifer at the Landfill. Slug tests were performed on the new monitoring wells to
determine hydraulic conductivity of the formation. The slug tests provide an estimate of the
near-field hydraulic conductivity and have a high degree of uncertainty. Both rising head and
falling head tests were conducted. However, due to the limitations of the method, only the rising
head test results are considered representative estimates of hydraulic conductivity. The

following are the results of the slug tests:

o Well 7-3.1 feet per day
o Well 8 —3.0 feet per day
o Well 9 —7.8 feet per day
o Well 10 — 3.8 feet per day.

These slug test results are within the range previously measured of 1.7 to 15 feet per day at
Wells 5 and 6 (Shannon & Wilson, 1998). Slug test calculations are provided in Appendix D.

Water level elevation data from the ten groundwater monitoring wells show that new Well 7 is
upgradient of the Landfill and water level elevations are very close to those measured in the
existing upgradient monitoring point, Well 1. The addition of the new upgradient monitoring
wells confirm that the groundwater flow direction at the western boundary of the Landfill is to

the east.

The other three new monitoring wells (Wells 8, 9, and 10) show that the groundwater flow
direction changes to a predominantly southeast direction in the eastern portion of the Landfill
area, and that an area of low flow gradient is present in this area (Figure 8, “Groundwater
Elevation Map, February 2000”). Groundwater flow gradients change from approximately
0.0008 feet/feet to the east to approximately 0.0002 feet/feet to the southeast. As discussed in
the Work Plan (IT, 2000), groundwater gradients are impacted by the agricultural irrigation
occurring immediately east of the Landfill. The infiltration from irrigation causes groundwater
mounding beneath the irrigated fields. This deflects the groundwater flow direction to the

southeast and lowers the gradient, which also slows and deflects the movement of the VOC

groundwater plume.
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The average groundwater flow velocity decreases from approximately 0.01 feet/day (4 feet/year)
to 0.003 feet/day (1 foot/year) across the site. The flow velocities have a high degree of

uncertainty due to test methods used to estimate the hydraulic conductivity and porosity.

42  Groundwater Analytical Results

Groundwater samples were collected from all ten groundwater monitoring wells using the
procedures described in the Work Plan (IT, 2000). Analyses performed on the samples are listed
in Section 3.2. The constituents of concern (COC) for the groundwater are VOCs. Five quarters
of analytical data have been collected since the initiation of the RI field activities in January
2001. Volatile organic compound detections between April 2001 and April 2002, are listed on
Table 2, “Volatile Organic Compound Detections between April 2001 and April 2002.” The
primary COCs are 1,1-dichloroethane (DCA), cis-1,2-dichloroethene (DCE), tetrachloroethene
(PCE), trichloroethene (TCE), and vinyl chloride. These compounds are found in Wells, 5, 6, 7,
and 10. Historically, all of the groundwater monitoring wells have had at least one VOC
detection. Figures 10 through 17 show the concentrations with time for these VOCs.

Volatile organic compound detections can be seen as early as 1992 in Wells 3 and 4 with
detections of 1,1-DCA in Well 3 and PCE in Well 4 at levels slightly above regulatory limits
(Figure 11, “Well 3 Volatile Organic Compound Detections with Time” and Figure 12, “Well 4
Volatile Organic Compound Detections with Time”). Detections of PCE in the upgradient well
(Well 1) first were noted in the fall of 1993 (Figure 10, “Well 1 Volatile Organic Compound
Detections with Time”). Detections of these VOCs plus cis-1,2-DCE and 1,2-DCA have

remained at relatively low levels.

Wells 5 and 6 have the largest number of VOC detections of any of the monitoring wells
(Figure 13, “Well 5 Volatile Organic Compound Detections with Time” and Figure 14, “Well 6
Volatile Organic Compound Detections with Time”). Concentrations in Well 5 have remained
relatively stable with only cis-1,2-DCE increasing significantly. Volatile organic compound
concentrations in Well 6 have shown an increasing trend over time. In particular for 1,1-DCA,
cis-1,2-DCE, PCE, and vinyl chloride.

Well 2 historically has had only sporadic detections of VOCs. Only two detections of 1,1-DCA
and one detection of 1,2-DCA, cis-1,2-DCE, methylene chloride, and PCE since 1992 have been
noted. Well § has had only one detection of 1,1-DCA.

The distribution of the primary COCs (1,1-DCA, cis-1,2-DCE, PCE, TCE, and vinyl chloride)
are shown on Figures 18 through 22. These data indicate that the source is upgradient of the
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Landfill. This is demonstrated by the historical detections of PCE and 1,2-DCA at Well 1 and
the detections of seven VOCs at the upgradient Well 7. The data also show the plume boundary
has reached the boundary of the Landfill with consistent detections of 1,1-DCA at Wells 3 and 4.
Well 8 has had only one detection of 1,1-DCA slightly above the regulatory limit (Table 2).
Well 9 shows consistent detections of 1,1-DCA and PCE above the regulatory limit (Table 2 and
Figure 16, “Well 9 Volatile Organic Compound Detections with Time”). Wells 5, 6, and 10
located in the central portion of the Landfill have the greatest number of VOCs detected and at
the highest levels (Table 2). This does not however indicate that the source is the Landfill. The
occurrence of VOCs in the two upgradient wells, which have water level elevations over a foot
above the other wells, indicate that the source of the VOC plume is upgradient of the Landfill.
The high number of VOC detections and concentrations in Wells 5 and 6 may indicate that the

plume center of mass has moved from upgradient of the Landfill to its present position.

Chloride, nitrate, and sulfate concentrations with time are plotted on Figures 23, 24, and 25.
These plots show that Well 2 experienced an increase in these three chemicals between fall 1998
and winter 2000, when concentrations returned to previous levels. This increase was likely due

to irrigation impacts on adjacent fields.

Concentrations of chloride, nitrate, sulfate, and total dissolved solids (Figure 26) at Well 7 are
much higher than for other wells. The reason is unclear, but it may represent a slightly different
upgradient source of water. Other wells that show elevated concentrations of chloride, nitrate,
sulfate, and total dissolved solids are Wells 5, 6, and 10, which are the same wells that show

significant VOC impacts.

Parameters that indicate natural attenuation were measured to determine whether there is
evidence that the contaminants are degrading through either biological or chemical processes.
Methane, ethane, ethene, dissolved oxygen, ORP, and ferrous iron were measured. The collected
data are listed on Table 3, “Natural Attenuation Indicator Parameters.” Note that field measured
parameters dissolved oxygen and ORP were not consistently measured. The results are
inconclusive, if natural attenuation were actively occurring, elevated levels of ethane and
decreased dissolved oxygen and ORP in the downgradient wells would be observed. No ethane
was observed in any wells and dissolved oxygen concentrations vary only slightly. The ORP
levels are lower in the wells that are positioned directly below the area of highest concentrations.
Elevated methane concentrations are observed on the area of highest plume concentration;
however, this is likely due to methane generated directly from the Landfill and not from natural

attenuation. Methane has been observed in methane observation wells at the site, and it would be
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5.0 Recommendations

The data indicate that the source of the VOC plume is upgradient of the Landfill. This is
supported by consistent detections of VOCs in the two, upgradient monitoring wells. The source
location is uncertain and additional investigations are necessary. A likely source for the VOCs is
an undocumented disposal area located approximately 1,200 feet northwest of the northwest
corner of the permitted disposal area. This area is located upgradient of the landfill and may

contain source material for the groundwater contamination.

To determine if this undocumented disposal area is the contamination source, subsurface soil
samples will be collected from five locations adjacent to the disposal area (Figure 27). Samples
will be collected using either direct push or hollow-stem auger sampling methods at 10 feet,

20 feet, 30 feet, and 40 feet below the estimated bottom of the waste. Samples will be analyzed
for VOCs by EPA Method 8260B. Results will be reported in an investigation summary letter
report incorporating the results with recommendations for additional investigations.

Collection of groundwater samples from beneath this site is not recommended until it can be
determined that this is the contamination source area. If VOCs are detected in the soils beneath
this waste disposal area, groundwater samples will be collected during a second field
mobilization. Samples will either be collected using discrete groundwater sampling methods
(e.g. hydropunch sampling) or new groundwater monitoring wells will be installed and samples
collected from them. If VOCs are not detected in the soils, additional groundwater sampling at
other locations, upgradient of the current known contamination extent will be recommended.

Recommendations will be provided in the investigation summary letter report.
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Table 1

Monitoring Well Completion Details

Monitoring | Date Total | Casing/ | Screen | Sand Sand | Bentonite | Grout
Well Installed | Depth | Screen | Interval [ Pack Pack Seal Interval
(feet) | Material | (feet) | Material | Interval | Interval (feet)
(feet) (feet)
MW-7 1186/01 105 2-inch 87.5- 10/20 | 845-105 | 68.8-835 | 0-688
Diameter 1025
Schedule
40 PVC
MW-8 1/118/01 102 2-inch 84.5- 10/20 | 815-102 | 725-815 | 0-725
Diameter 99.5
Schedule
40 PVC
MW-9 1/22/01 115 2-inch 97.5- 1020 | 935-115 | 83-925 0-83
Diameter 1125
Schedule
40 PVC
MW-10 1/23/01 87 2-inch 69.5 - 10/20 665-87 | 57.6-665 | 0-57.6
Diameter 84.5
Schedule
40 PVC

PVC denotes polyvinyl chloride
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Table 2 (continued)
Volatile Organic Compound Detections between April 2001 and April 2002

Well Analyte Reg_ulgt?ry Concentration (ng/L)
I(.;:g;:_) 4/10/01 | 7/25/01 | 10/16/01 | 12/18/01 | 3/20/02
7 Chloroethane 1.4 5.0 3.4 <1 <1
1,1-DCA 1.0 3.3 11 53 <1 5.0
cis-1,2-DCE 70 44 78 51 120 49
Methylene chloride 5 17 27 10 16 7.8
PCE 0.8 24 25 29 29 35
TCE 3 4.6 3.7 41 45 5.6
Trichlorofluoromethane 3.2 <1 3.9 <1 <1
Vinyl chloride 0.02 <1 <1 1.8 <1 <1
0-xylene NR 0.0045 <1 <1 <1
8 1,1-DCA 1.0 <1 1.8 <1 <1 <1
9 1,1-DCA 1.0 29 5.7 2.9 8.1 4.7
PCE 0.8 6.9 5.8 6.1 55 57
10 Chloroethane 1.9 7.0 <1 <1 <1
Chloroform 7 11 16 6.7 <1 12
1,1-DCA 1.0 21 36 16 8.1 32
cis-1,2-DCE 70 2.7 6.2 2.6 <1 5.0
Methylene chloride 5 8.8 37 9.6 <1 33
PCE 08 1 10 9.3 55 9.6
1,1,1-TCA 200 <1 <1 <1 <1 1.0
TCE 3 3.0 1.7 1.4 <1 1.2
Trichlorofluoromethane 37 45 <1 <1 <1
Vinyl chloride 0.02 <1 <1 20 <1 2.7
0-xylene NR 0.081 | < <1

' Regulatory limit is based on Washington State groundwater qualiy criteria (Washington Administrative Code 173-200-40). If no
published water quality criteria exists, limit is maximum contaminant levels from Code of Federal Regulations 40, 141.61.

ug/L denotes micrograms per liter
NR denotes not reported

DCE denotes dichloroethene
DCA denoies dichloroethane
PCE denotes tetrachloroethene
TCE denotes trichloroethene

TCA denotes trichloroethane
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Table 3
Natural Attenuation Indicator Parameters

Well | Collection | Methane | Ethane | Ethene | Dissolved | Oxidation/Reduction | Ferrous
Date (mg/lL) | (mg/L) | (mg/L) | Oxygen Potential (mV) fron
(mg/L) (mgiL)
1 4110/01 <0.001 <0.002 | <0.001 9.10 280 <1
7/25/01 <0.001 <0.002 | <0.001 NC NC 0
10/16/01 <0.001 <0.002 | <0.001 NC NC 0
12/18/01 <0.001 <0.002 | <0.001 NC NC <
3/20/02 <0.001 <0.002 | <0.001 NC NC 3
2 4/10/01 0.0011 <0.002 | <0.001 8.60 263 <1
7/25/01 <0.001 <0.002 | <0.001 NC NC <1
10/16/01 <0.001 <0.002 | <0.001 NC NC 0
12/18/01 <0.001 <0.002 | <0.001 NC NC <
3/20/02 <0.001 <0.002 | <0.001 NC NC <
3 4110/01 0.0011 <0.002 | <0.001 8.95 254 <1
7/25/01 <0.001 <0.002 | <0.001 NC NC <
10/16/01 <0.001 <0.002 | <0.001 NC NC 0
12/18/01 <0.001 <0.002 | <0.001 NC NC <
3/20/02 <0.001 <0.002 | <0.001 NC NC <1
4 4110/01 0.0010 <0.002 | <0.001 8.58 261 <
7/25/01 <0.001 <0.002 | <0.001 NC NC 3
10/16/01 <0.001 <0.002 | <0.001 NC NC 0
12/18/01 <0.001 <0.002 | <0.001 NC NC <1
3/20/02 <0.001 <0.002 | <0.001 NC NC <
5 410/01 1.2 <0.002 | <0.001 NC NC <1
7/25/01 0.84 <0.002 | <0.001 8.94 150 <1
10/16/01 0.99 <0.002 | <0.001 11.38 93 <
12/18/01 1.3 <0.002 | <0.001 NC NC <
3/20/02 0.91 <0.002 | <0.001 NC NC <1
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Table 3 (continued)
Natural Attenuation Indicator Parameters

Well | Collection | Methane | Ethane | Ethene | Dissolved | Oxidation/Reduction | Ferrous
Date (mg/L) | (mg/L) | (mg/L) | Oxygen Potential (mV) Iron
(mglL) (mg/L)
6 4/10/01 53 <0.002 | <0.001 NC NC <1
7/25/01 35 <0.002 | <0.001 8.55 108 <1
10/16/01 4.4 <0.002 | <0.001 10.88 102 <1
12/18/01 5.0 <0.002 <0.001 NC NC <1
3/20/02 4.1 <0.002 | <0.001 NC NC <
7 4/10/01 0.0045 <0.002 | <0.001 NC NC <1
7/25/01 <0.001 <0.002 | <0.001 9.55 259 <
10/16/01 0.0012 <0.002 | <0.001 NC NC <1
12/118/01 0.0044 <0.002 | <0.001 NC NC <1
3/20/02 0.013 <0.002 | <0.001 NC NC <1
8 4/10/01 <0.001 <0.002 | <0.001 NC NC 3
7/25/01 0.0010 <0.002 | <0.001 9.68 186 3
10/16/01 <0.001 <0.002 | <0.001 12.96 154 <1
12118/01 <0.001 <0.002 | <0.001 NC NC . 3
3/20/02 <0.001 <0002 | <0.001 NC NC <1
9 4/10/01 <0.001 <0.002 | <0.001 NC NC <
7/25/01 <0.001 <0.002 | <0.001 9.04 156 3
10116/01 <0.001 <0.002 | <0.001 12.46 161 <1
12118/01 <0.001 <0.002 | <0.001 NC NC <1
3/20/02 <0.001 <0.002 | <0.001 NC NC <1
10 4/10/01 <0.001 <0.002 | <0.001 NC NC 3
7/25/01 0.0023 <0.002 | <0.001 8.96 144 <1
10/16/01 0.0036 <0.002 | <0.001 12,09 161 <1
12/18/01 0.075 <0002 | <0.001 NC NC <1
3/20/02 0.11 <0.002 | <0.001 NC NC <

mg/L denotes milligrams per fiter
NC denotes not collected

mV denotes millivolts
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! Horn Rapids Landfill Slug Test Calculation

By: RDL - Date: 02/12/01  Subject: tion Brief for Est. Hydrauli SheetNo. 1of 4
>hkd By:aw Date: 22/7¢, from Slug tests orn Rapids Landfill Proj.No. Gro &35

tod: Bower and Rice Slug Test Analysis (1976, 1989)

'_.ie Bower and Rice Method (1976) for slug test analysis can be applied to fully or partially penetrating wells. The method is
designed to estimate the hydraulic conductivity of the aquifer surrounding the screened portion of the well. The well is a

1gle well test and provides only a very near field estimate of hydraulic conductivity.
|

The slug test method for estimating hydraulic conductivity involves the introduction or withdrawal of a volume of water to the
{ uifer. This can be completed by adding or withdrawing water from the aquifer or displacing the water in the aquifer by

# serting or removing a mass. In this case a PVC pipe filled with clean sand was inserted and withdrawn from the well to
induce a volume change in the aquifer. The water level change and recovery was monitored and recorded using a
r*wnhole pressure transducer and data logger.

Lower and Rice Slug Test analysis

K = ((rs** IN(Re/r))/2Lser) * (114) * In(Ho/H)
where: K = Aquifer hydraulic conductivity in ft/day
r. = radius of the well screen

1 t = time since slug injection or removal at H,
' H, = Head in the well at the time t

Hg = water level change from static at time =0
! Re = radius of influence of the test

w = effective radius of the well (radius of well and gravel pack)
| Leer = length of well screen

IN(R/ry) = [(1.1/IN(ZIr,)) + (A+BUIN((D-Z)r )W Lecrru)]”

where: Z = the distance from the water table to the bottom of the well screen.

‘ Equals L on graph used to calculate A & B

= the aquifer thickness from well log for Horn Rapids ORYV Park.
A & B = values determined from graph in Bower and Rice (1979)

MWQ7 Siug In
o= 0.08 ft
! t= 11 seconds
( - 04 ft
Ho = 0.19 ft
} My = 0.25 ft
Leer = 15 ft
, In(Ry/ry,) = 2.64
| Z= 12,08 ft
‘ D= 66 ft
A= 3
1‘ ‘ B= 0.5
K= 3.08 ft/day

10of4




Horn Rapids Landfi‘II Slug Test Calculation

(0)

MwWOQ7
re= 0.08 ft
t= 37 seconds
H- 0.1ft
Ho = 0.4 ft
ry = 0.25 ft
Leer = 15 ft
In(Ry/ry) = 2.64
Z= 1208 ft
D= 66 ft
A= 3
B= 0.5
K= 1.98 ft/day
Slug In
re = 0.08 ft
t= 12 seconds
H, - 0.1 1t
Hg = 0.16 ft
fy = 0.25 ft
Leer = 15 ft
In(Re/ry) = 2.58
Z= 1014t
D= 66 ft
A= 2.8
B= 0.48
K= 2.02 ftiday
MWO08 Slug Out
re = 0.08 ft
t= 16 seconds
H; - 0.1 1t
Hy = 0.25 ft
ry = 0.25 ft
Leer = 15 ft
In(Ry/ry,) = 2.58
Z= 1014 ft
D= 66 ft
A= 2.8
B= 0.48
K= 2.96 ft/day

20f4




lug In
= 0.08 ft
t= 4.5 seconds

H;- 0.1 ft
Hy= 0.55 ft
W= 0.25 ft
Lo = 15 ft

In(R/r,) = 2.56
Z= 9.09 ft
D= 66 ft

A= 2.6

B= 0.45

K= 19.42 ft/day

MWQ9 Slug Out
.= 0.08 ft
t= 6 seconds
H;- 0.1 ft
He = 0.25 ft
w= 0.25 ft
Leor = 15 ft
In(R./ry) = 2.56
= 9.09 ft
= 66 ft
= 2.6
= 0.45
= 7.83 ft/day
MW10 Slug In
e = 0.08 ft
= 60 seconds
H;- 0.01 ft
Ho= 0.095 ft
W= 0.25 ft
Loer = 15 ft
In(Rg/ry) = 2.62
= 11.27 ft
D= 66 ft
= 2.95
= 0.49
= 1.96 ft/day

Horn Rapids Landfill Slug Test Calculation

30f4
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Bouwin anD Rice: Grounpowatea HydaavLics
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Bouwer aND Rice: GROUNDWATER HyDRAULICS
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Bouwen ann Rice: GrRounNDwaTea HyDrautCS
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