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ACRONYMS AND ABBREVIATIONS

bgs below ground surface
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1 INTRODUCTION

This report presents the results of the second phase (phase 2) of a remedial investigation
(RI) to assess the source of volatile organic compounds (VOCs) detected in groundwater
samples collected from monitoring wells at the city of Richland’s (City’s) Horn Rapids
Landfill (HRLF) in Richland, Washington (see Figure 1-1). The Rl is being conducted in
a phased manner. Phase 1 delineated the lateral extent of VOC impacted groundwater in
the site area. Results of the phase | RI were reported in the July 2003 phase 1 report
(Shaw, 2003), as summarized in Section 1.2. Field activities, findings, data evaluation,
and recommendations of the phase 2 RI are presented in this report. The phase 2 RI
focused on assessing the source of VOCs detected in groundwater samples collected from
several site monitoring wells. Shaw-Environmental and Infrastructure, Inc. (Shaw)
performed the phase 2 RI field and data interpretation activities, and prepared this report
on behalf of the City.

This phase 2 RI report presents and evaluates the following information:

* Field and laboratory results collected in August and September 2003, consistent
with the scope of work presented in the RI phase 1 report (Shaw, 2003), and as
described in Section 2 of this report.

* Historical groundwater and leachate analytical data collected as part of HRLE’s
routine compliance monitoring program, consistent with requirements of the its
Solid Waste Operating Permit #01-755T Section 4(F) and state of Washington
Administrative Code (WAC) 173-351.

1.1 Site Description

The City completed construction of the HRLF in 1976, and has operated it since then as a
municipal solid waste (MSW) landfill. The landfill is sited within a 275-acre parcel of
City property, of which 47 acres are permitted for the disposal of MSW (Figure 1-1). The
HRLF is bound by Twin Bridges Road (formerly Grosscup) on the west, Hom Rapids
Road on the north, and State Route 240 on the south.
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1.2 Background

In 1998, the City installed two groundwater monitoring wells (MW05 and MWO06) inside
the permitted disposal area, along the southeastern edge of the landfill’s waste cells (see
Figure 1-2). These wells were in addition to four existing monitoring wells s (MWO01
through MWO04) located along the site boundary of the HRLF (Figure 1-2). Groundwater
samples collected from wells MWO05 and MWO6 in May 1998 contained VOCSs in excess
of the State of Washington’s Model Toxics Control Act (MTCA) limits specified in
WAC 173-340. Detected VOCs included 1,1-dichloroethane (1,1-DCA), 1,1-
dichlorocthene  (1,1-DCE),  cis-1,2-dichlorocthenc  (cis-1,2-DCE), 1,2-dichloroethane
(1,2-DCA), benzene, methylene chloride, tetrachloroethene (PCE), trichloroethene
(TCE), trichlorofluoromethane (TCFM), and vinyl chloride.

In response to these VOC detections, the City implemented an independent cleanup
action under MTCA, consisting of a phased RI and feasibility study (FS), as required by
WAC 173-340. The first phase of the RI (phase 1) was initiated in 2000, consistent with
the RI work plan dated November 8, 2000 (IT, 2000), to assess the extent of VOC
mmpacts detected in MWO05 and MWO06 groundwater samples. The phase 1 RI involved
installing four monitoring wells (MWO07, MW08, MW09 and MW10; see Figure 1-2)
screened in the upper groundwater zone (UGWZ), collecting and analyzing groundwater
samples from the new and existing site wells for five consecutive quarters, and evaluating
and reporting the results to the Washington Department of Ecology (WDOE). Well
MWO7 was placed upgradient of the landfill’s waste cells to refine the upgradient
gronndwater flow direction. Wells MWO08 and MWO09 were installed along the southern
facility boundary to determine whether VOCs had migrated off site, and well MW 10 was
located north of wells MW05 and MWO06 to evaluate the extent of groundwater impacts.

The draft RI report, submitted to the WDOE on October 28, 2002 (Shaw 2002), presented
the phase 1 field and laboratory results, assessed the extent of VOC impacts, and
concluded that VOCs detected in site groundwater may be attributed to an undocumented
disposal area located northwest (upgradient) from the landfill’s waste cells (see
Figure 1-2). In its review of the October 2002 draft RI (WDOE, 2002), the DOE
questioned this conclusion and required the City to propose additional investigative
methods to assess whether site leachate and/or landfill gas (LFG) may be the source(s) of
VOCs impacting site groundwater. The scope of work for the additional investigation
was to be included in the final phase 1 Rl report.

The final (revised) phase 1 RI report, dated July 7, 2003 (Shaw, 2003), contained a scope
of work to evaluate if LFG and/or leachate are the source(s) of VOCs detected in site
groundwater (phase 2 RI). Results of the phase 2 RI are presented in this report. The
final phase 1 RI report also included results of a focused investigation performed by the
City in February 2003 to delineate and characterize the undocumented upgradient waste
disposal area located approximately 500 feet northwest of the northwest corner of the
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current permitted area (Figure 1-2). The City investigated the site by excavating at seven
locations within and around the undocumented disposal site. This investigation revealed
that the undocumented waste disposal site consists of only a small amount of MSW
(approximately 4,800 cubic yards), and there were no indications that hazardous waste
had been disposed at this location. Consequently, it was concluded in the final phase 1 RI
report that this site is likely not the source of the VOCs impacting site groundwater.

1.3 Report Organization

The remainder of this report is organized as follows:

Section 2 describes phase 2 RI activities.
Section 3 reports phase 2 Rl field and laboratory results.
Section 4 discusses finding and conclusions.

Section 5 presents recommendations for assessing the feasibility of
implementing active LFG collection as a method for mitigating the LEG source
of VOCs.

Additional supporting information is attached in the following appendices:

Appendix A: Exploratory boring log, probe constiuction detail, and supporting
documentation for Gas Probe GP-12.

Appendix B: Field documentation, including field sampling data sheets.

Appendix C: Laboratory analytical reports, chain-of-custody (COC) forms, and
results of the field and laboratory quality assurance/quality control (QA/QC)
review.

Appendix D: Geochemical diagrams for site groundwater and lysimeter fluid
samples, including Piper (trilinear) and Stiff diagrams.

Appendix E: Selected time-concentration plots for site groundwater and
lysimeter fluid samples.
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2 PHASE 2 REMEDIAL INVESTIGATION ACTIVITIES

Field and laboratory activities performed during this phase of work included the
following:

* Drilling and installing a new nested gas probe (GP-12).

e Measuring LFG concentrations in gas probes GP-1(2)', GP-1(1), GP-2(2), GP-
2(1), GP-5(3), GP-5(2), GP-5(1), GP-6(shallow), GP-6(deep), GP-9(2), GP-9(1),
GP-12(shallow), GP-12(intermediate), and GP-12(deep).

¢ Performing depth-discrete landfill gas monitoring in MWO05, MWO06, and
MWO07.

* Collecting discrete headspace gas samples from MWO05, MW06, MW07, and
GP-12, and analyzing them for VOCs and fixed gases.

These activities, described in detail below, were all performed consistent with the phase 2
scope ot work described in the phase 1 RI report (Shaw, 2003).

2.1 Drill and Install Gas Probe GP-12

Nested gas probe GP-12 was installed near monitoring well MWO06 (see Figure 1-2) on
August 11 and 12, 2003 by the drilling contractor Environmental West, Inc. of Spokane,
Washington. The purpose was to determine if LFG is present in the unsaturated zone at
depth and to evaluate variations in LFG concentrations with depth. A Shaw
hydrogeologist observed and documented the installation and construction of the probe
under the supervision of a Washington registered geologist. The work was performed
consistent with the WAC Chapter 173-160 “Minimum Standards for Construction and
Maintenance of Wells”. A notice of the City’s intent to drill the gas probe was filed with
the WDOE before drilling and installing the probes (see Appendix A). Consistent with
the requirements in WAC 173-160, the City obtained a variance from WDOE (included

' The parenthesized numbers within the represent distinct gas probes screened at specific intervals in the
same borehole, denoted by the GP designation. The depth of each probe’s screened interval is
presented in Table 2-1. Typically, the (1) designation denotes the gas probe screened at the deepest
interval in the borehole; higher parenthesized numbers, e.g., (2), designate probes screened at
shallower depth intervals
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in Appendix A) approving the nested design of gas prohe GP-12 before construction
began.

2.1.1 Drilling and Sampling

The gas probe boring was drilled with an 8-inch-inside diameter casing advanced using
an air rotary rig. The borehole was sampled at 5-foot intervals by collecting grab samples
of soil cuttings generated during drilling. A Shaw hydrogeologist logged drill cuttings
according to American Society for Testing Materials designation D 2487-92 (standard
test method for classification of soils for engineering purposes). Data on soil type,
moisture content, grain size, and color were recorded on field drilling log forms. An
exploratory boring log presenting the field logging data is provided in Appendix A.

The probe was completed in the eolian and Pleistocene flood deposits underlying the
facility. These deposits consist of fine to medium sand (with minor silt and fine gravel)
to silty sand. The soil materials encountered during borehole drilling were consistent
with previous subsurface investigations conducted at the landfill.

2.1.2 Gas Probe Design and Installation

Gas probe GP-12 is comprised of three individual probes, each screened at a discrete and
unique depth, as shown in the probe construction detail provided in Appendix A. The
three probes were constructed with 0.50-inch-diameter schedule 80 polyvinyl chloride
(PVC) casing with 0.010-inch slot screens. All PVC casing sections and factory-slotted
well screens were connected with flush-threaded couplings that are each fitted with a
rubber O-ring. The bottom of the screen sections were fitted with threaded PVC
end-caps, also fitted with rubber O-rings. All PVC gas probe casings, screens, and end
caps were supplied by the drilling company in sealed plastic wrappers.

A filter pack consisting of pre-packaged, 10x20 graded sand was placed in the annular
space around each screened section. The filter pack extended from approximately 2.5
feet below to 2.5 feet ahove each screen. The annular space above each filter pack was
filled with granular bentonite that was hydrated in one-foot lifts. The probes were
constructed with a lockable steel protective casing set in a concrete surface seal that
extends from four inches above ground surface to 2 feet below ground surface (bgs).
Three protective posts were installed around the casing and filled with concrete.

Each depth-discrete probe was fitted at the surface with a %-inch PVC “pet-cock” valve
threaded to a slip-fit adapter and wrapped with Teflon” tape. The adapter was in turn
threaded to the top of each probe and fitted with a rubber O-ring. The “pet-cock” valves
were positioned such that the valve controlling the deepest probe is lowest in the
protective steel casing, the valve for the middle-depth probe is slightly higher, and the
valve for the shallow-depth probe is positioned the highest. Each valve was also labeled

P\Phase 2 Rl(final)-verd-api2004.doc Rev. 0, 4/1/04
2-2 Shaw

DOC (5).max



with a permanent marker indicating the relative position of the screen in the borehole.
Gas probe coustruction information is provided in Appendix A.

2.1.3 Surveying

Gas probe GP-12 was surveyed by Horton Dennis and Associates, a Washington State
registered land surveying firm. The elevation of the cover on the steel protective casing
at each gas probe was surveyed to an accuracy of 0.01 feet relative to the North American
vertical datum (1929). Location coordinates (northings and eastings) for the wells were
surveyed to the center of the cover with an accuracy of 0.04 fect relative to the site project
datum.

2.2 Depth-discrete Landfill Gas Monitoring, and Headspace Gas
Sampling and Analysis

On September 18, 2003 Shaw performed the following LFG monitoring and sampling
activities consistent with the phase 2 RI work plan: (1) depth-discrete monitoring of LFG
concentrations (methane) within the casings of monitoring wells MW05, MWO06 and
MWO7 (see Figure 1-2), (2) LFG gas monitoring in newly-installed nested gas probe
GP-12 and site gas probes GP-1, GP-2, GP-5, GP-6, GP-9 (see Figure 1-2), and (3)
headspace gas sampling for VOCs and fixed gases (methane, carbon dioxide [CO,] and
oxygen) in MWO05, MW06, MW07, and the GP-12 intermediate-depth gas probe.

2.2.1 Monitoring Depth-discrete Landfill Gas in MW05, MW06, and MW07
Well Casing

Depth-discrete LFG monitoring was performed in the monitoring wells and gas probe
using a GEM 500 LFG meter (GEM) instead of a flame ionization detector (FID), as
specified in the scope of work presented in the phase 1 RI report (Shaw, 2003). This was
because the total organic vapor (methane and VOCs) concentrations in the gas probes and
monitoring wells frequently exceeded the FID’s upper detection limit of 25,000 parts per
miullion. The GEM measures percent methane concentrations, rather than the total
organic vapors measured by a FID>. The GEM also measures oxygen and CO,
concentrations (in percent).

To accommodate the depth-discrete gas monitoring, the dedicated 2-inch diameter
Grundfos Rediflow™ submersible pump in wells MWO05, MWO06, and MWO07 were
removed and the top of the well casing was capped for several days before monitoring
was performed. Before monitoring the wells, LFG concentrations were measured in the
area around the security casing and immediately inside each well. Then, a stainless-steel

? The FID measures all combustible gases including methane and other VOCs.
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drop tube was attached to Y%-inch (outside diameter) polyethylene tubing (drop-tuhe
assembly) and lowered into each well casing to a depth directly above the water table.
The upper end of the drop-tube assembly was connected to the GEM, which was field-
calibrated to factory standards. The GEM’s pump was used to evacuate air from the
tubing before monitoring methane concentrations. The concentration of methane (in
percent) was measured at 10-foot depth intervals as the tubing was lowered in each
casing3. The time of measurement, depth of measurement, and methane concentration
detected by the GEM were recorded on a field report form (Appendix B). The results of
depth-discrete gas monitoring in the MWO05, MW-06, and MWO07 well casings are
discussed in Section 3.1.1.

2.2.2 Monitoring Landfill Gas in Gas Probes

Gas monitoring was also performed in the following site gas probes: GP-1, GP-2, GP-5,
GP-6, GP-9, and GP-12. All probes consist of either two or three clustered probes, with
each probe completed at a different depth within the same borehole. Monitoring was
performed by attaching the GEM directly to the sampling pet-cock valves attached to the
top of each probe. Gas pressure, methane concentration, oxygen concentration, CO,
concentration, and duration of purging were recorded for each probe on a field report
form (see Appendix B). Results of gas probe monitoring are summarized in Table 2-1
and discussed in Section 3.1.1.

2.2.3 Collecting and Analyzing Headspace Gas Samples from Wells MWao5,
MWO06, and MWO07 and Gas Probe GP-12

Headspace gas samples were collected from just above the water table in each monitoring
well where LFG monitoring was performed (MWO035, MWO06, and MWO07) using the drop-
tube assembly. The monitoring well gas samples were collected in a laboratory-supplied,
stainless-steel vacuum Summa canister by connecting the canister to the upper end of the
drop-tube assembly, then opening the Summa canister valve and allowing the vacuum
within the canister to draw in the gas.

A gas sample was also collected from the intermediate-depth probe in the GP-12
borehole, screened from 49.5 to 59.5 feet bgs. The GP-12 intermediate-depth probe was
selected for sampling because it had a high methane gas concentration (see Table 2-1).
The GEM was attached to the intermediate-depth probe in GP-12 and use to purge air
from the casing before the gas sample was collected. The LFG sample was collected
from GP-12 probe by connecting a piece of polyethylene tubing directly to the pet-cock
valve at the top of the PVC probe casing and then connecting the other end of the tubing

’ The GEM pump was allowed to run approximately 180 seconds at each 10-foot depth interval before
methane concentrations were measured.
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to the Summa canister to allow the vacuum within the canister to draw in gas from the
probe.

The four gas samples were submitted to Columbia Analytical Services, Inc. (CAS), in
Canoga Park, California, under COC procedures. CAS analyzed the samples for the
following:

¢ Fixed gases (hydrogen, oxygen+argon, nitrogen, carbon monoxide, methane, and
CO,) according to moditied U.S. Environmental Protection Agency (USEPA)
Method 3C (single injection) using a gas chromatograph equipped with a
thermal conductivity detector.

e VOCs using combined gas clwvomatograplhy/inass spectrometry according to
USEPA method TO-15.

Laboratory reports, including COC documentation and laboratory QA/QC results, are
provided in Appendix C. The analytical results are discussed in Section 3.2.
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3 PHASE 2 REMEDIAL INVESTIGATION FIELD AND
LABORATORY RESULTS

3.1 Landfill Gas Monitoring Results
3.1.1 Landfill Gas Probes

Methane concentrations measured in site gas probes GP-1, GP-2, GP-5, GP-6, GP-9, and
GP-12 are presented in Table 2-1. Methane was not detected in GP-1 and GP-6. The
highest methane concentrations were measured in gas probe GP-2(2) (see Table 2-1 for
screen intervals for multiple completion gas probes) and the GP-12 intermediate-depth
probe (25.0 percent and 16.3 percent respectively). Both probes are located along the
southwestern edge of the waste cells (see Figure 1-2). Methane was also detected at a
concentration of 11.9 percent in the deep probe installed in the GP-12 borehole. Lower
concentrations of methane were measured in GP-5(1) and GP-5(2) (6.3 and 5.0 percent,
respectively) on the northern side of the landfill and in GP-9(1) (5.2 percent) on the
southern side of the waste cells.

3.1.2 Monitoring Wells MW05, MW06, and MW07

Depth-discrete methane concentrations measured in the well casings for MWO05, MWO06,
and MWO7 are presented in Table 3-1. The results show relatively uniform methane
concentrations throughout each well casing. Methane was not detected in the protective
steel security casing that house the top of each well casing. Results of methane
monitoring in the well casings included the following:

* Methane concentrations in the MWO5 well casing ranged from 1.2 percent at
10-feet below top of the casing (btoc), to a maximum concentration of 3.1
percent at 60 feet btoc. The methane concentration measured directly above the
top of the groundwater surface in well MWOS5 (84.4 feet btoc), where the gas
sample was collected, was 2.7 percent.

¢ Methane concentrations in the MWO06 well casing ranged from 2.3 percent at 90
feet btoc to 5.5 percent at 40 feet btoc. The methane concentration measured
directly above the top of the groundwater surface in well MWO06 (100 feet btoc),
where the gas sample was collected, was 4.4 percent.
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» Methane concentrations in the MWO07 well casing ranged from 14.5 percent at
91.5 feet btoc (directly above the top of the groundwater surface) to 16.6 percent
at 20 feet btoc.

3.2 Analytical Results of Headspace Gas Samples

Laboratory analytical results of fixed gas concentrations (including methane, CO,,
oxygentargon, and nitrogen) in headspace gas samples collected from MW05, MWO06,
MWO7, and GP-12 (intermediate) are presented in Table 3-2. Consistent with field-
measured LFG concentrations, these results show elevated methane concentrations in
MWO07 and GP-12 (11.9 and 16.7 percent, respectively). However, fixed gas analysis of
the samples collected from MWO05 and MWO06 headspaces did not detect methane ahove
the method reporting limits. VOC concentrations detected in MW05 and MWO06 gas
samples were also generally lower than samples analyzed from MWO07 and GP-12
(middle), but in the same order of magnitude (see discussion below). Differences
between the field and laboratory determined methane concentrations may be attributed to
one of the following:

* Discrete gas samples collected for laboratory analysis from the MWO05 and
MWO06 well casings are chemically different than the gas measured during field
monitoring because additional purging using the GEM was performed before the
Summa canister samples were collected.

* During gas monitoring in the wells, the pump on the GEM was continuously
running, as the }4-inch polyethylene tubing was lowered. The tubing was purged
at each 5-foot interval. Typically, it took approximately 30 minutes to conduct
all the measurements from the top to the bottom. It is possible that when the
well screen is submerged, as they are in MW05 and MWO06, additional air from
around the well head may have been drawn into the well casing, potentially
influencing gas compositions.

VOC analytical results for the headspace gas samples collected from MWO05, MW06 and
MWO07, and GP-12 (intermediate) are presented in Table 3-3. Laboratory analytical reports
are provided in Appendix C. 1,1-DCA, cis-1,2-DCE, methylene chloride, PCE, TCE, and
vinyl chloride were detected in high concentrations in all four headspace gas samples (Table
3-3). Additional VOCs detected in all four headspace gas samples included benzene,
chloroethane, 1,1-DCE, trans-1,2-dichloroethene (trans-1,2-DCE), and TCEM. Low levels
of several other VOCs were also detected in one or more of the samples (see Table 3-3).

3.3 Evaluation of Groundwater and Lysimeter-Liquid Chemistry

An evaluation of the inorganic and organic chemistry of groundwater and lysimeter-liquid
(Icachate) samples was performed to assess if leachate is a possible source of VOCs
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impacting groundwater samples collected from the selected site monitoring wells.
Historical groundwater and leachate analytical data collected as part of HRLF’s routine
compliance monitoring program was evaluated using Piper (trilinear) and Stiff diagrams,
and time-serics trend plots.

3.3.1 Inorganic Chemistry

3.3.1.1 Piper (Trilinear) Diagrams

The geochemical composition of groundwater samples collected from site monitoring
wells and liquid samples collected from the site lysimeters, represented by the common
anions (i.e., carbonate, bicarbonate [HCOs], sulfate [SO4], and chloride [CI]) and the
major dissolved cations (i.e., calcium [Ca], magnesium [Mg], potassium [K], and sodium
[Na]), are illustrated graphically using Piper (trilinear) diagrams. The anion and cation
data (charge equivalents) are extrapolated onto the center quadrilateral (see Figures 3-1
and 3-2) to represent the overall ionic chemistry of the samples.

Piper (trilinear) diagrams were used to compare the relative concentrations of
geochemical indicators (the common cations and anions) in groundwater collected from
VOC-impacted monitoring wells MW05, MW06, and MW07, along with the chemistry
of the other site monitoring wells (Figures 3-1 and 3-2). Piper diagrams plotting
historical ionic chemistry data for each individual monitoring well and lysimeter are also
provided in Appendix D.

Dissolved Ca, minor Na and Mg, are the principal cations in groundwater collected from
the site monitoring wells, including MWO05, MW06, and MWO7. The principal anion in
groundwater collected from all wells is HCO;. The ionic chemistry of site groundwater
samples is relatively consistent, except for MWO02 groundwater (see Figure 3-2). The
variation in anionic chemistry of groundwater samples collected from well MWO2 is
derived primarily from a spike in the Cl concentrations from the beginning of 1999
through the first quarter of 2000 (see trend plot in Appendix E). Except for MWO02
groundwater, the Piper diagrams (Figures 3-1 and 3-2) show that samples collected from
different site monitoring wells screened in the UGWZ have a similar ionic chemistry, and
therefore their cation and anion concentrations plot in a cluster on the diagrams.

Figure 3-1 also shows recent (since 2001) historical ionic chemistry data for liquid
samples (representative of site leachate) collected from the four site lysimeters (Port 1
through Port 4). Relative to site groundwater, landfill leachate samples are typically
characterized by significantly higher cation and anion concentrations and different
relative proportions of ionic constituents (see Table 3-4). The lysimeter liquid samples
have a distinct ionic chemistry characterized by a relatively higher percentage of chloride
than groundwater (see Figure 3-1).
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The Piper diagrams (Figures 3 1 and 3-2) show the following:

* MWO05, MW-06, and MW07 groundwater samples are predominantly rich in Ca
and I1CO;, and do not exhibit significant tewporal or spatial variation in their
ionic composition.

e Lysimeter liquid samples contain a slightly higher portion of Mg and are
generally more Cl-rich relative to the groundwater samples. The Piper diagram
(Figure 3-1) shows that the anionic composition of the lysimeter samples has
changed over time, becoming richer in Cl.  Increasing trends in Cl
concentrations are most pronounced in samples collected from the Port 3 and 4
lysimeters (see time concentration plot in Appendix E).

* MWO05, MW-06, and MW07 groundwater samples do not plot on a mixing line
between the background groundwater samples (as defined by the ionic chemistry
of groundwater from upgradient monitoring wells MWO01 and MWO07) and the
lysimeter samples. Mixing between groundwater and leachate would be
represented as data points on a straight line, joining clusters of data representing
the ionic compositions of unimpacted (background) groundwater and leachate.
The groundwater samples would also likely show increasing CI concentrations if
thcy were impacted by site leachate (represcuted by the lysimeter samples).

3.3.1.2 Stiff Diagrams

Whereas Piper diagrams illustrate thie relative concentrations of the major cations and
anions in groundwater and leachate samples, Stiff diagrams provide absolute
concentrations of these constituents (in milliequivalents per liter [meq/L]). Stiff diagrams
are polygons constructed by connecting the concentrations of the major ions, arranged in
an ordered sequence. The resultant polygon graphically represents the ionic chemistry of
each water sample, which can be compared using its shape and the magnitude of the
parameter concentrations,

Stiff diagrams generated for groundwater samples collected from the site monitoring
wells and liquid samples collected from the lysimeters (Appendix D) confirm the
geochemical compositions represented by the Piper diagrams. As the Stiff diagrams
indicate, site groundwater samples are uniformly characterized by high Ca and HCO,
concentrations, with lesser amounts of Mg and Cl (except for MWO02 samples as
previously discussed). The shape of the Stiff diagrams for the lysimeter samples (1)
differ from those for the site groundwater samples, (2) reflect higher Cl and Mg
concentrations compared to site groundwater samples, and (3) illustrate their generally
higher parameter concentrations (see meq/L scales on top and bottom of plots in
Appendix D). These differences in the shapes of the Stiff plots between the groundwater
and lysimeter samples suggest that leachate has not affected site groundwater samples.
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3.3.1.3 Time-series Trend Plots

Time-series plots (provided in Appendix E) were prepared for a subset of inorganic
constituents which may indicate that groundwater collected from VOC-impacted wells
MWO05, MWO06, and MW7 lias been affected by eitlier leachate or LFG.

The inorganic constituents Cl, nitrate as nitrogen (NO;-N), Na, and total organic carbon
(TOC) are potentially indicative of a leachate release to groundwater because they (or
ammonia in the case of NO3-N) are detected at elevated concentrations in lysimeter liquid
samples relative to groundwater (see Tables 3-4 and 3-5). Cl is a particularly good
leachate 1ndicator because it behaves in a conservative manner in groundwater and is
present in high concentrations in site leachate samples. Conversely, ammonia oxidizes to
NO3-N 1in typical groundwater conditions. Therefore, if ammonia concentrations are high
in leachate, as they are at the HRLF, then elevated NO3-N concentrations in groundwater
samples collected from downgradient monitoring wells may be evidence of a leachate
release. However, it should be noted that elevated NOs-N concentrations in groundwater
can be associated with agricultural activities. Increasing Na concentrations in
downgradient groundwater can also indicate a leachate release because Na is
comparatively soluble and often detected at elevated concentrations in leachate. Na is
also naturally occurring and changes in its concentrations in groundwater may be
attributed to natural processes.

Inorganic constituents whose concentrations could be affected by the interaction of LFG
with groundwater are pH, alkalinity, and Ca (Tuchfeld et. al., 1998). This is attributed to
the dissoluiion of gaseous CO,, present in relatively high concentrations in LFG (see
Table 3-2), into groundwater. The dissolved CO, lowers the pH of the groundwater,
which in turn increases alkalinity. Because anion and cation charge equivalents must stay
in balance as pH changes, increasing alkalinity in groundwater also increases the Ca
concentration. It is important to note that a release of leachate into groundwater may also
have a similar influence on pH and alkalinity.

Time-concentration diagrams plotting historical analytical results for inorganic leachate
and LFG indicator parameters in groundwater samples collected from MWO05, MW06,
and MWO07, along with upgradient and cross-gradient wells MWO01 and MWO02,
(Appendix E) show the following:

e The pH of MW05, MWO06, and MWO7 groundwater is decreasing.

e Ca and alkalinity concentrations in MW04, MWO05 and MWO06 groundwater
samples are increasing.
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¢ As previously discusscd in Section 3.3.1.1, Cl concentiations in MW04, MWO05
and MWO06 groundwater samples have either remained constant or shown
slightly increasing trend. Cl concentrations in hydraulically upgradient well
MW-01 have aiso increased.

¢ Leachate indicator parameters NO;-N (ammonia) and TOC were either not
detected, or detected at very low concentrations.

3.3.2 VOC Analytical Results

Historical VOCs concentrations detected in groundwater samples collected from
monitoring wells MWO05, MWO06, and MWO07 are summarized in Table 3-3. Table 3-3
also presents the concentrations of VOCs detected in headspace gas samples collected
from the GP-12 and monitoring well casings, and in liquid samples collected from the site
lysimeters.

As previously discussed in Section 1.2, VOCs detected most frequently and in the highest
concentrations in. MWO05, MW06, and MWO07 groundwater samples include PCE,
cis-1,2-DCE, 1,1-DCA, TCE, vinyl chloride, methylene chloride, benzene, and TCFM.
In considering the source of VOCs detected in these groundwater samples, it is interesting
to note that all these VOCs were also detected most frequently and in the highest
concentrations in headspace gas samples collected from the MWO05, MW06, and MW07
well casings and from gas probe GP-12 (see Table 3-3). Although many of the same
VOCs were also detected in liquid samples collected from the site lysimeters (see Table
3-3), a subset of VOCs frequently detected in the lysimeters samples at high
concentrations were either not detected in any of the MWO05, MWO06, and MW07
groundwater samples or headspace gas samples, or detected infrequently and at low
concentrations in these samples. VOCs detected in high concentration in the lysimeters
samples but not in groundwater are 2-butanone (MEK), carbon disulfide, ethylbenzene,
4-methyl-2-pentanone, toluene, and total xylenes.
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4 FINDINGS AND CONCLUSIONS

4.1 Source of VOCs Impacting Site Groundwater

Phase 2 RI field and laboratory results, along with historical morganic and VOC
analytical results of groundwater and lysimeter liquid samples, indicate that LFG, not
leachate, is the likely source of VOCs impacting site groundwater at the HRLF. Phase 2
RI results that support LFG as the source and transport mechanism for VOCs impacting
site groundwater include the following:

¢ Significant concentrations of LFG (as measured in GP-12) occur in the shallow
(unsaturated) subsurface to a depth of at least 90 feet bgs in the MWO06 area.
Furthermore, high concentrations of LFG were detected in the PVC casings of
VOC-impacted groundwater monitoring wells MWO05, MWO06, and MWO7.

e VOCs were detected in gronndwater samples collected from monitoring well
MWQ07, which is interpreted to be hydraulically upgradient from the waste cells
(see Figure 4-1). LFG was detected in the MWO07 well casing and the
groundwater samples collected from this well contain the same suite of VOCs as
those detected in groundwater collected from other site monitoring well and in
headspace gas samples. A leachate release to groundwater would not likely
impact an upgradient monitoring well.

* The same suite of VOCs detected most frequently and in the highest
concentrations in groundwater samples collected from MWU05, MWU6, and
MWO7 was also detected in headspace gas samples collected from the casing of
these wells and from gas probe GP-12 (see Table 3-3). Furthermore, a subset of
VOCs frequently detected in the lysimeters samples (representative of site
leachate) at high concentrations were either not detected in any of the MWO5,
MW06, and MWO07 groundwater samples, or detected infrequently and at low
concentrations in groundwater.
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* Geochemical evaluation of groundwater and lysimeter liquid samples generally
show changes in inorganic chemistry in VOC-impacted wells that are reflective
of the interaction of LFG, not leachate, with site groundwater including the
following:

» Piper and Stiff diagrams indicate that groundwater collected from MWOS,
MW06, and MWO07 do not have chemical compositions similar to that of
landfill leachate represented by liquid samples collected from the site
lysimeters. The Piper diagrams also reveal that leachate is not mixing with
the MWO05, MW06, and MWO07 groundwater.

» Changes in the pH (decreasing trend), and in alkalinity and Ca
concentrations (increasing trends) are indicative of the interaction of LFG
with groundwater

Further evidence supporting LFG as the source of VOCs impacting site groundwater is
derived from analytical results of dissolved methane concentrations in groundwater
samples collected since 2001, as part of HRLF’s compliance monitoring program (see
Table 4-1). Dissolved methane was consistently detected in VOC-impacted groundwater
samples collected from MWO05, MW06, MW7 and MW10, indicating that LFG is
interacting with groundwater at these locations.

4.2 Mechanism for LFG Infiltration into Groundwater

LFG typically impacts groundwater by either direct contact with groundwater in the
capillary fringe near the water table, or by impacting vadose water that is later introduced
to groundwater by recharge events. However, high LFG concentrations in some site
monitoring wells had introduced the possibility that the wells might represent the
pathway whereby LFG is migrating down to the groundwater surface where it eventually
impacts groundwater (intrawell mechanism). To assess whether this mechanism is
occurring, Shaw evaluated site monitoring well designs, groundwater elevations, and the
distribution of LFG. The results of this evaluation, discussed below, indicate that VOC
impacts detected in site groundwater samples is likely not from an intrawell mechanism.

There are two potential mechanisms for LFG to migrate into the monitoring well casings
at HRLF. The most likely and effective mechanism is infiltration of LFG through an
exposed section of the well screen, when the water level is below the top of the screen. A
second mechanism involves LFG migration through (1) imperfections in the annular seal,
(2) defects in the well casing, and/or (3) at joints between casing sections, which
generally are not air tight. A third mechanism, which Shaw has documented to occur at
other sites, may be near-surface infiltration of LFG into the protective surface casing,
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where it then enters the well casing. However, because no significant LFG was detected
around the HRLF monitoring wells at ground surface, or inside the top of the well
casings, this mechanism does not appear to be a contributory factor.

Review of site well-construction details and June 2003 groundwater elevations indicate
that the higher methane concentrations detected in the MWO07 well casing is likely
attributed to LFG migrating through a six-foot-long section of the well screen, which is
exposed to the vadose zone above the top of the groundwater surface (see Table 4-2).
This allows LFG present in the vadose zone surrounding the well screen to easily enter
the casing, much like a gas probe. The top of the well screens in monitoring wells
MWO08, MW09 and MW10 were also above the groundwater surface in June 2003 (see
Table 4-2), however, methane concentrations were not measured in these wells as part of
the phase 2 RI.

Conversely, the lower concentrations of methane detected in the MWO05 and MW06 well
casings are likely a result of their entire screen sections being below the top of the
groundwater surface (see Table 4-2). High concentrations of methane (16.3 and 11.9
percent) were detected in the vadose zone adjacent to well MWO6, in the intermediate
and deep gas probes at GP-12. However, LFG in the vicinity of MW-06 cannot
effectively migrate into the well as casily as a gas probe, or as in MWO07. Tt is likely that
infiltration of LGF in the MWO05 and MWO06 well casings is through imperfections in the
annular seal and through joints and potential defects (if present) in the well casing.

The following field and laboratory results of the RI phase 1 and 2 investigations indicate
that the VOC impacts detected in monitoring well groundwater samples are likely from
the vertical migration of LFG through the unsaturated soil to the capillary fringe zone and
not attributed to intrawell effects:

e High methane concentrations in gas probes screened deep in the vadose zone
indicate that LFG has effectively migrated down to the top of the groundwater
surface.

e VOC concentrations detected in groundwater samples from well MW07, which
contained significantly higher mcthanc concentrations than in MWO05 and
MWO06, are consistent with VOC concentrations detected in MWO05 and MWO06
groundwater, which have submerged well-screens.
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5 RECOMMENDATIONS

Results of the RI discussed in this report suggest that LFG is a likely source of VOC
impacting groundwater beneath the HRLF. Consequently, Shaw recommends performing
a pilot-scale LFG extraction test to assess the feasibility of implementing active LFG
collection as a method for mitigating the LFG source of VOCs, and ultimately reducing
VOCs concentrations in groundwater. If the pilot test demonstrates that gas collection is
a feasible option for controlling LFG, then (1) site-specific information derived from the
extraction test will be used for modeling landfill gas generation and designing a gas
collection and control system (GCCS) and (2) the pilot-scale test can be expanded to
include a feasibility assessment of alternative final cover systems that may be constructed
in conjunction with an active GCCS.

This section describes the design of a pilot LFG extraction test and procedures for
performing the pilot test.

5.1 Perform Pilot LFG Extraction Test

Designing a GCCS generally involves modeling LEG generation and extraction rates
using site-specific information as input parameters (as discussed in Section 5.1.4).
However, before modeling LFG generation at HRLF, Shaw recommends performing an
additional field investigation to demonstrate the potential effectiveness of an active

GCCS and refine the LFG generation model input parameters. The additional field
investigation involves conducting a pilot LEFG extraction test for the following purposes:

¢ Quantify actual LFG generation rates trom the landfill,

* More accurately predict LFG quality and composition.

¢ Determine the actual radius of influence for a typical LFG extraction well.
* Estimate the site-specific rate constant for methane-generation.

¢ Refine well spacing design criteria for the GCCS.

* Potentially demonstrate the effectiveness of reducing LFG concentrations in the
existing monitoring systems.
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5.1.1 Install Gas Extraction Well and Monitoring Probes

The pilot extraction test will involve installing a gas extraction (test) well and monitoring
(obscrvation) probes (pilot systewr), in geueral compliance with the USEPA’s New
Source Performance Standards (NSPS) requirements for Tier 3 emissions estimates
(USEPA, 1996). The pilot system will consist of one vertical LFG extraction well drilled
to the bottom of waste and four observation gas probes installed in waste surrounding the
new extraction well. The location of the pilot system will be selected after reviewing
site-specific information on the age, distribution, depth, and composition of waste.

The pilot extraction well will be designed and constructed so that it could be incorporated
into the final GCCS and used for long-term LFG collection. The extraction well will be
constructed using 6-inch-diameter, high-density polyethylene (HDPE) casing. The
perforated section of the HDPE casing will extend from 20 feet below the waste surface
to the well’s total depth. A detail of the proposed gas extraction well is provided in
Figure 5-1. After the extraction well is installed, a temporary header pipe will be attached
to the top of the well casing and connected to a temporary blower. The header will be
equipped with monitoring points that will allow measurement of LFG quality, flow rate,
temperature, and pressure. The observation probes will be installed at variable horizontal
distances from the well (e.g., 50, 100, 225, and 300 feet) and constructed with the same
perforated interval as the pilot extraction well (see Figure 5-2).

5.1.2 Perform Baseline Monitoring

After the extraction well and observation probes are installed and before the pilot
extraction test is performed, baseline static gas pressure and gas composition (percent
methane, CO;, and oxygen) will be measured in the observation probes. A GEM,
calibrated to factory standards, will be used to measure gas composition.

Additional baseline monitoring will include measuring gas compositions in a series of
hand-driven bar holes advanced into the waste. The bar holes will cover a 200-foot by
200-foot square area centered on the proposed extraction well. Bar hole probe locations
will be spaced approximately 100 feet apart (9 locations). The bar hole monitoring data
will help predict the potential sustained LFG flow rate from the extraction well during
performance of the pilot test.

Bar hole probes will be constructed by driving a 0.5-inch-diameter steel rod attached to a
slide hammer to a depth of approximately 5 feet below the waste surface. Bar hole
probes will not be advanced farther than 5-feet below the surface. PVC tubing,
5-feet-long and 0.375 inches in diameter, will be inserted into each bar hole, leaving 6
inches of open hole below the bottom of the tubing and 6 inches of tubing above ground
surface. The tubing will be sealed in place by tamping surface soil around it. The upper
end of the tubing will be connected to the GEM, which will be used to evacuate air from
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the tubing before gas compositions are monitored measured using the GEM. The tubing
will be clamped closed after each purging and monitoring of the probe to prevent
atmospheric air from entering the tubing and diluting the gas concentrations in the probes.

5.1.3 Perform Pilot Extraction Test

After baseline monitoring is complete, the pilot extraction test will be conducted,
consistent with USEPA’s NSPS requirements for Tier 3 emissions estimates (USEPA,
1996). First a vacuum will be applied to the extraction well with the temporary blower.
Gas composition and temperature will be monitored every 20 minutes over an eight-hour
period to determine a steady-state extraction rate (applied vacuum) at which the gas
composition is between 40 and 45 percent methane.

The vacuum extraction test will then be performed at the steady-state flow rate for a
minimum of 96 hours. Methane concentrations in the extraction well will be monitored
during the test to verify that a gas composition between 40 and 45 percent methane is
sustained. If the methane concentration deviates outside this required range, the flow will
be adjusted until the required methane concentration is reestablished, and the extraction
test will be restarted (USEPA, 1996).

Throughout the duration of the pilot test, static pressurc (vacuum) and methane
concentrations will be monitored periodically in the observation probes, bar hole probes,
and selected out-of-waste gas probes and groundwater monitoring wells. A discrete gas
sample fiom the pilot extraction well will also be collected for VOC analysis to
characterize the type and concentrations of VOCs in the LFG source area.

5.1.4 Model LFG Generation

Results of the pilot extraction test, along with site-specific information on the type,
quantity, extent, and depth of waste at HRLF, will provide the basis for estimating LEG
generation (and extraction) rates from the major landfill area(s) over time using Shaw’s
proprietary LFG Model (I.LFGM), which includes the USEPA’s Clean Air Act model.
Site-specific information, obtained by reviewing available as-built information and design
reports regarding site development at HRLF, will include the following:

¢ Depth, mass, and location of in-place waste.

£,

¢ Projections of future waste to be placed in the current 46-acre landfill footprint.

¢ Estimated waste composition, including percentages of organic (such as food,
garden, and paper waste) and inorganic waste.

Estimated waste moisture content.
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The LFG extraction estimate can also be used to estimate condensate generation volumes,
and to determine required LFG extraction and treatment equipment, including header
piping sizes.

Based on results of the pilot extraction test, refined LFG modeling results, and air-quality
compliance requirements, an overall GCCS design can be developed that incorporates
existing conditions at the landfill and makes provisions for incremental construction
phasing of the GCCS in coordination with continued filling of the 46-acre landfill to its
designed final grades.

5.1.5 Prepare Report

Following completion of pilot extraction test, the data will be evaluated and a report will
be prepared for submittal to WDOE and the local health district. The report will include
the following:

* LGF extraction well and observation gas probe construction details.
¢ Tables summarizing extraction test monitoring results.
* An analysis of the extraction test results and LFG generation maodeling results.

* Recommendations for the next phase of work.
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LIMITATIONS

The services described in this report were performed consistent with generally accepted
professional consulting principles and practices. No otlier warranty, expressed 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, or the use
of separated portions of this report.
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Table 2-1
Field-Measured Major Gas Concentrations
in Gas Probes
Horn Rapids Landfill

Carbon Purge
Screened Methane | Oxygen | Dioxide time
Gas Probe Interval Units , . .
. . %o (70) 9 conds
Designation (feet-bgs) Date (78) o) (%) (seconds)
GP~1(2)] 8.5-10 9-18-03 0.0 17.7 22 180
GP-1(1) 16.5-18 9-18-03 0.0 16.9 2.7 1R0
GP-2(2) 18.5-20 9-18-03 25.0 0.3 312 180
GP-2(1) 36.5-38 9-18-03 19.1 0.2 28.9 180
GP-5(3) 18.5-20 9-18-03 0.2 12.3 7.7 180
GP-5(2) 36.5-38 9-18-03 5.0 0.4 25.1 180
GP-5(1) 56.5-58 9-18-03 6.3 0.3 26.5 360
GP-6(shallow) 11-15 9-18-03 0.0 13.0 8.2 360
GP-6(deep) 26-30 9-18-03 0.0 7.7 14.3 540
”(7}"13—9(2) 11-16 | 9-18-03 0.0 | 105 9.2 180
GP-9(1) 26 - 30 9-18-03 5.2 0.2 21.2 180
GP-12(shallow) 22.5-355 9-18-03 0.3 2.4 192 360
GP-12(intermediate) | 35.5-49.5 9-18-03 16.3 0.0 26.2 720
GP-12(deep) 76.5 - 89.5 9-18-03 11.9 0.0 24.8 960
otes: % = percent of total atmospheric gases; bgs = below ground surface
E= the number within the parenthesis represents a distinct screen interval for multiple completion gas probes.
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Table 3-1:
Depth-Discrete Methane Concentrations
in MW05, MW06, and MW07 Well Casings

Horn Rapids Landfill

Measurement Methane Concentration
Depth (percent)
(feet, btoc) MWO05 | MWO06 | MWO07
In seourity cusing, 0.0 0-2 0.0
10 1.2 31 | 162
20 23 | 40 166
30 2.7 s
40 3.0
50 30 |-
60 3.1
70 3.0
80 2.9
S 00 =
Above gr(zundwater 5 7;1
surface :
Notes: *btoc = below top of casing; ; - = not
measured. % = percent of total atmospheric gases.
Methane gas concentrations measured with a
LandTec GEM 500 landfill gas meter on September
18, 2003.
" MWOS5 groundwater surface at 84.39 feet btoc.
" MWO6 groundwater surface at 98.98 feet btoc.
“MWO07 groundwater surface at 91.45 feet btoc.

MontWell LFGtable 3-1 HRLF LFG in MontWells.xls
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Table 3-2

Fixed Gas Concentrations in MW05, MW06

MWO07, and GP-12 Gas Samples
Horn Rapids Landfill

Sample Sampling Fixed Gas Concentrations (%, v/v)

Location Date Methane | Carbon Dioxide | Oxygen + Argon | Nitrogen
GP-12 (intermediate) 9/18/2003 16.7 28.2 0.710 54.5
MWOS5 (~84 feet-bgs) 9/18/2003 <0.127 6.09 16.8 77.1
MWO06 (~98 feet-bgs) 9/18/2003 <0.298 0.621 222 77.2
MWO7 (~91 feet-bgs) 9/18/2003 11.9 27.9 3.99 56.2
Notes: % = percent; v/v = volume of constituent divided by total sample volume; < = less than the

method reporting limit show to the right of this symbol; bgs = below ground surface)

Sheet1table 3-2 fixed gases.xls
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Table 3-3
VOCs Detected in Groundwater, Landfiil Gas, and Lysimeter Liquid Samples
Horn Rapids Landfill

Tetra- 1,2- { Trichloro-]  1,1- Tri- L.1- |Trichloro- 1.1,1- 2 1.2- 1.2-Di- 1.4~ |[4-Methyl
Sample Date chloro- | Dichloro- Dichloro-| chloro- | Viny! | Chloro- [Methylene] Dichloro- Dichlorod trifluoro- | Carbon |Trichlorod Butanone [ Chloro- | Dichloro-| chiore- Total Ethyl- |Chlore-[Dichloro- 2-pent- Acrylo-

Location | Collected | ethene ethenc | methane | ethane | ethene [Chloridd ethane | chloide | cthenc |Benzene| ethene Disulfide] ethanc [Acetone] (MEK) |methane| propane | ethanz | Toluene| Xylenes | benzene | form | benzene | anone [ Styrene| witrile

NWO7 10-Apr-01 24 44 32 33 4.6 ND i4 17 ND ND ND ND ND ND \ND ND ND ND ND ND ND ND ND ND | ND ND
25-Jul-01 25 78 ND 11 3.7 ND 5 27 ND ND ND ND ND ND ND ND ND ND ND - ND ND ND ND | ND ND
16-Oct-0t 29 51 3.9 53 4.1 1.8 34 10 ND ND ND ND ND ND \ND ND ND ND ND ND NI ND ND ND | ND ND
18-Dec-01 29 120 ND ND 4.5 ND ND 1e ND ND ND ND ND ND ND ND ND 13 ND ND ND ND ND ND | ND ND
20-Mar-01 35 49 ND 5 5.6 ND ND 7.8 ND ND ND ND ND ND ND ND ND NB ND ND ND ND ND ND ND ND

3-Jul-20 41 74 54 7.8 6.1 3.8 4.9 10 ND ND ND ND ND ND \ND ND ND ND ND ND ND ND ND ND | ND ND
15-Oct-02 NT NT Nt NT NT N1 NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT ND | ND NT
17-Dec-02 NT NT NT NT NT NT NT NT N1 N1 NT NT NT NT NT NT N1 N1 NT NT NT NT NT ND ND NT
26-Mar-03 40 39 ND 6 9.2 1 ND 2.6 ND ND ND ND 1.1 ND ND ND ND ND ND ND ND ND ND ND | ND ND
1i-Jun-03 22 40 ND 54 5.2 2.2 ND ND ND ND ND NI ND ND D ND ND ND ND ND ND ND ND ND } ND ND

Lsimeter Liquid Samples (ug/L)

Pert 1 8-Jun-94 7 ND 2 83 6 1 24 42 ND 1o ND N1 ND 22 ND N1 ND ND ND 2 9 1 2 ND 33 ND ND
22-Feb-95 ND ND ND ND ND ND ND NI ND ND ND N7 NT ND NT NT ND ND ND ND ND ND ND ND NT { ND NT
19-1ul-95 ND ND ND 16 ND ND 15 72 ND ND ND NT ND ND ND ND ND ND ND ND o ND ND N 79 | ND ND
12-Sep-96 5 ND ND 7 ND ND ND NC ND ND ND NT ND ND NT NT ND ND ND ND ND ND ND ND NT | ND NT
15-Apr-97 ND 38 NI 16 ND 21 ND NL ND 15 ND N7 ND ND 800 36400 ND ND ND ND ND ND ND Nb 310 {| ND NB
8-Apr-98 3 45 ND 9.9 18 9.3 i1 4.7 ND 6.5 0.6 NT 73 ND 519 4060 3.6 ND 1.7 56 57 9.7 ND ND 655 | ND 8.7
21-Oct-98 1.2 113.2 ND 78.5 5.3 ND 414 9.9 ND 11.3 ND NT ND ND 152 500 9.6 ND ND 13 126.1 17.2 ND ND 284 | ND ND
11-Jan-00 6.4 96.3 ND 76.5 6.1 14 302 83 15 10.9 ND NT ND ND 120 4200 7.5 ND 2.5 109 113.3 18.2 ND 2 22.3 | ND ND
&-Nov-00 2.3 110 ND 13 1.1 25 28 5.1 ND ) E] 1 NT 11 ND 6.7 760 2.1 ND 2.8 140 80 22 ND ND 31 2.1 ND
18-lun-01 ND 51 ND 8.2 ND 11 18 2.8 ND 5.5 ND N1 6.2 ND 60 160 ND ND 1.6 43 26 6.6 ND ND 56 | ND ND
5-Dec-01 2 110 ND 14 ND 11 30 8.8 ND 7.6 ND NT 9.8 ND 54 79 ND ND 3.4 77 73 16 ND ND 580 ND ND
19-Aug-02 ND 44 ND ND ND ND 12 2.5 ND 3.7 6.3 NT ND ND ND ND ND ND ND 43 36 8 ND ND 30 | ND ND
31-Dec-02 2.7 595 ND 9.2 1.8 31.3 (273 54 ND 4.5 1.8 NT ND ND 11 7.9 3 ND 16 | 345 56.5 74 ND ND 189 [ ND ND

Pot 2 22-Feb-95 14 94 ND | 10 VNT [ ND | 24 83 | ND | 13 | ND NT | ND | ND NT NT | ND ND 24 28 38 33 | ND | ND NT | ND ND
12-Sep-96 ND 142 ND 124 ND ND 31 12 ND 10 ND NT ND ND NT NT ND ND ND 188 67 14 ND ND NT | ND ND
15-Apr-97 ND 31 ND 28 ND 7 ND ND ND ND ND NT ND ND ND HD ND ND ND 65 45 7 ND ND 41 ND ND
[1-Jan-00 19 52.8 ND 39.1 0.8 12.6 239 5.5 ND 9.9 ND NT ND ND 82 513 1.8 ND 4 101 78.2 15.2 ND 21 ND | ND ND

Port 3™ [ 18May-95| 0.8 ND ND |16 [ 74 [ ND | 35 [ 7 [ ND | ~D ND NT 74 | ND ND | ND | ND ND ND | ND ND ND | ND | ND ND | ND ND
12-Sep-96 ND 23 ND 19 ND ND 8 6 ND ND ND NT NT ND NT NT ND ND ND 43 28 6 ND ND NT [ ND ND
15-Apr-97 ND 38 ND 28 ND 21 ND ND ND 7 ND NT ND ND 230 2000 ND ND ND 60 32 8 ND ND 41 ND ND
B-Apr-98 1.7 36 ND 15 14 23 22 15 ND 6.2 ND NT ND 0.8 ND 52 31 ND 3 49 43 6.7 ND ND 30 | ND ND
21-Oct-98 6.8 89.4 ND 58.8 52 119 |37.6 9.4 ND 13.8 ND NT ND ND ND 9.3 8.9 ND ND 148 102 201 ND ND 47.6 | ND ND
29-Jun-99 14 63.2 ND 46.7 1.6 14 [27.7 43 ND 10.5 ND NT ND ND 12 s 1.5 ND 3.3 118 733 14.8 ND 1 ND | ND ND
11-Jan-00 3 58 ND 43.7 2 118 205 53 ND 12.3 ND NT ND ND 10.9 13.6 1.9 ND 2.9 109 63.5 12.9 ND 1.8 ND | ND ND
8-Nov-00 1.6 73 ND 14 ND 9.2 25 5.2 ND 8.6 ND NT ND ND ND ND 14 ND 33 66 42 11 ND ND 160 L6 ND
18-Jun-01 ND 62 ND 11 ND 8.1 29 5.1 ND 84 ND NT 6.4 ND ND 20 34 ND 32 56 26 74 ND ND 99 { ND ND
5-Dec-01 2 120 ND 19 ND 8.5 44 11 ND 94 1.2 NT ND ND ND ND 57 ND ND 64 49 12 ND ND 95 i ND ND

Por: 4 8-Jun-94 14 2 3 22 5 | Np | 11 106 ND | ND ND | NT | ™D 7 | ND NT | ND | ND 12| 9% 146 6 | ND | ND 68 | ND ND
22-Feb-95 15 L6 4.3 28 4.8 ND 17 160 ND 1.1 ND NT ND NT NT ND ND 7.4 46 25 4.4 ND ND NT | ND ND
18-May-95 14 ND ND 23 ND ND 23 150 ND ND ND ND ND ND ND ND ND 6.1 9.4 7.6 ND ND ND ND | ND ND
19-Jul-95 6 ND ND 54 6.3 ND ND 72 ND ND ND ND ND ND ND ND ND ND <5 <5 ND ND ND ND ND ND
12-Sep-96 8 ND ND 16 ND ND | ND ND ND ND ND NT ND NT NT ND ND ND 23 16 ND ND ND NT | ND ND
15-Apr-97 <5 160 ND 140 5 13 | a4 10 ND 15 ND 85 ND ND 430 | ND ND ND | 240 66 21 | ND | ND 860 | ND ND
8-Apr-98 3 110 ND 70 23 39 15 4.1 ND 11 0.7 24 ND ND 104 2.3 ND 3 135 71 14 ND 1.8 103 1.4 ND
29-Jun-99 2.7 63.2 ND 101 21 19.1 |30.3 7.8 ND 10.3 ND ND ND 23.2 %68 L7 ND 37 110 1138 16.7 ND 1.2 ND | ND ND
11-Jan-00 2.7 63.2 ND 101 2.1 19.1 {303 78 ND [0.3 ND ND ND 23.2 %68 1.7 ND 37 110 113.8 16.7 ND 1.2 ND ND ND
8-Nov-00 1.1 100 ND 51 ND 8.7 31 10 ND 8.2 ND 1 ND ND ND 15 ND 3 77 45 12 ND 2.1 55 1.7 ND
18-Jun-01 17 110 ND 53 1 8.6 50 11 ND 6.0 ND 11 ND ND 7.9 L5 ND 3.1 37 37 u ND L5 120 | ND ND
5-Dec-01 28 280 ND 110 ND 12 84 21 ND 12 21 4.6 ND ND ND 4.6 ND ND 110 72 14 ND 32 360 | ND ND
19-Aug-02 1.5 100 ND 36 ND ND ND 7.2 ND 5.8 ND ND ND ND ND ND ND ND 44 29 9.7 ND ND 160 | ND ND

[Notes: ND = not detected, NT = not tesied, BOLD resulls are detects, H.L. = Henry's Law dimension ess coclicients.
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Table 3-4
Cations and Anions in MW05, MWO06, and MWO07

Groundwater and Lysimeter Liquid Samples
Horn Rapids Landfill

qryCatAn_xtab_final formattedtable 3-4 CationsAnionsiw05-mw07, lysimeter.xlsl of 3

DOC (4).max

Bicarb-
Sample Alkalinity] onate | Calcium | Chloride | Magnesium | Manganese | Potassium | Sodium| Sulfate
Location Date (mg/L) | (mg/L)] (mg/L) | (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L)} (mg/L)
MWO05 18-May-98 | 467 570 159 19.3 379 4.7 13.6 18.3 39.8
30-Jun-98 | 469 572 149 19.3 30.3 0.09 9.88 17.9 40.6
[0-Aug-98 | 472 576 151 18.9 32 0.033 9.7 17.9 404
16-Nov-98 | 238 290 155 20.2 323 0.021 10 18.3 393
26-Jan-99 | 466 568 163 20.4 37 0.02 9.8 18.2 41
12-May-00 [ 478 583 1490 19.9 33.7 0.015 9.7 17.7 41.9
5-Oct-99 | 494 602 148 19.6 311 0.009 8.9 17.2 42.5
21-Dec-99 | 480 585 44 22.5 22.9 0.018 9.8 18.8 46.2
8-Feb-00 | 472 576 53 53.2 24.2 0.015 10 17.3 46
16-May-00 | 477 477 168 20.8 34.6 0.0094 10.5 19.2 329
30-Aug-00 | 710 710 150 18 35 0.012 11 19 38
5-Dec-00 480 480 130 24 29 0.0082 9.1 18 65
10-Apr-01 1470 470 160 19 35 0.011 1 21 42
25-Jul-01 | 480 480 170 20 34 0.011 9.8 18 43
[6-Oct-01 | 500 500 170 23 35 0.0082 6.8 18 44
18-Dec-01 | 510 510 160 23 32 0.0088 9.3 17 44
20-Muar-02 | 490 490 170 26 33 0.018 9 17 44
3-Jul-02 470 470 170 23 38 0.016 11 21 42
15-Oct-02 | 510 510 200 17 46 0.012 8.6 23 33
17-Dec-02 [ 510 510 160 23 36 0.0093 10 20 45
26-Mar-03 | 480 480 150 25 33 0.0099 9.9 17 44
11-Jun-03 | 670 670 170 39 36 0.015 11 20 49
MWO06 18-May-98 | 475 579 151 12.4 37.8 1.2 16.3 25.1 327
7-Jul-98 504 615 142 11.9 31.1 0.11 10.7 21.9 314
10-Aug-98 | 514 627 149 11.9 33.1 0.101 10.5 21.4 31.6
16-Nov-98 | 294 359 151 11.8 33 0.067 10.4 215 332
26-Jan-99 | 538 656 164 11.7 38.6 0.057 10.6 22.4 329
12-May-99 | 558 680 157 11.8 36.7 0.062 10.7 22,5 323
5-Oct-99 | 566 690 159 12.3 34.2 0.062 10.1 21.1 32.8
21-Dec-99 | 560 683 45 13.5 245 0.065 10.8 235 355
8-Feb-00 | 544 663 54 14 25.8 0.069 10.8 214 36
16-May-00 | 569 569 194 1.5 40.8 0.0396 12.1 25 38.8
30-Aug-00 | 650 650 190 11 47 0.036 13 27 31
5-Dec-00 620 620 160 11 35 0.025 11 23 34
10-Apr-01 | 610 610 190 11 41 0.027 13 27 33
25-Jul-01 {610 610 200 15 41 0.023 11 24 35
16-Oct-01 | 620 620 190 16 42 0.02 7.5 23 36
18-Dec-01 | 630 630 180 15 39 0.021 11 24 34
20-Mar-02 {610 610 220 18 44 0.02 11 27 36
3-Jul-02 630 630 200 16 45 0.022 13 27 35
15-Oct-02 | 650 650 240 13 57 0.014 9.9 32 27
17-Dec-02 | 650 650 190 17 43 0.0051 12 26 36
26-Mar-03 | 630 630 170 17 39 0.012 11 23 37
1T-Jun-03 | 650 650 180 13 41 0.015 12 24 40
EMCON/OWT
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Table 3-4
Cations and Anions in MW05, MW06, and MW07
Groundwater and Lysimeter Liquid Samples
Horn Rapids Landfill

Bicarb-
Sample Alkalinity] onate | Calcium | Chloride | Magnesium | Manganese | Potassium | Sodium!| Sulfate
Location Date (mg/L) | (mg/L)| (mg/L) | (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L)| (mg/L)

MWO07 20-Mar-01 | 740 740 290 77 58 0.01 1 31 84
10-Apr-01 560 560 230 59 43 0.13 11 27 74
25-Jul-01 | 580 580 240 56 44 0.033 It 25 75
16-Oct-01 | 750 750 280 60 55 0.034 9.5 28 82
18-Dec-01 | 740 740 260 54 48 0.013 11 27 76

3-Jul-02 | 710 710 | 290 57 57 0.011 13 31 79

26-Mar-03 | 730 730 230 68 47 0.0064 i1 27 81
11-Jun-03 | 790 790 280 61 52 0.0091 12 29 80

Port | 8-Jun-94 | ND 1180 | 206 20 82 9.9 25 54 5 U
13-Oct-94 | ND 1340 282 24 87 87 19 45 5 U
22-Feb-95 | ND 450 15 21 60 0.16 16 48 15
12-Sep-96 | ND 1000 210 25 84 2.1 19 46 1
15-Apr-97 | ND 1000 | 210 41 77 1.2 21 46 1 U
23-Sep-97 | ND 1200 240 55 81 1 20 49 ] U
8-Apr-98 | ND 880 244 64.6 74.7 4.6 17 359 1.06
21-Oct-98 ND 1050 368 301 132 11.3 23.1 46.7 0.21
11-Jan-00 | ND 853 51.8 120 435 1.98 21 48.7 0.4
8-Nov-00 | ND 220 76.5 68 30.3 0.849 5.07 12.8 08 U
18-Jun-01 | ND 300 100 87 25 23 44 12 0.25
5-Dec-01 ND 130 43 47 15 0.66 2.8 6.3 1.6
31-Dec-02 | ND ND 88 110 25 1.2 4.9 11 1.1

Port 2 22-Feb-95 | ND 880 170 30 49 6.5 17 33 4
18-May-95 | ND ND 190 51 56 7.6 18 34 5
19-Jul-95 ND 710 110 21 76 0.056 16 46 5
12-Sep-96 | ND 1100 280 5.4 79 10 21 40 0.1 U
15-Apr-97 | ND 1100 260 190 90 7.8 20 58 1 U
23-Sep-97 | ND 1200 270 81 89 3.4 19 47 |
11-Jan-00 | ND 63.6 ND 1439 138 53.5 459 53.8 28.2

Port 3 18-May-95 | ND ND 97 22 75 1.8 22 48 25
12-Sep-96 | ND 1100 250 16 92 4.8 21 46 0.1 U
15-Apr-97 | ND 1200 270 73 91 5.9 22 50 1 U
23-Sep-97 | ND 1100 250 250 89 8.2 17 57 1 U
8-Apr-98 ND 1020 RAES 282 117 10.1 22.6 61.5 0.2
21-Oct-98 | ND 1060 349 356 133 10.1 23.1 66.6 0.24
29-Jun-99 | ND 1168 290 397 130 9.8 24 63 1.2
11-Jan-00 | ND 1234 | 549 508 50.8 9.27 232 74.3 0.3
8-Nov-00 | ND 920 228 500 92.2 7.2 134 43.1 08 U
18-Jun-01 | ND 980 370 550 130 9.5 26 79 0.45
5-Dec-01 | ND 700 290 460 100 6.3 20 57 1
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Table 3-4
Cations and Anions in MWO05, MWO06, and MW07
Groundwater and Lysimeter Liquid Samples
Horn Rapids Landfill

Bicarb-
Sample Alkalinity| onate | Calcium | Chloride | Magnesium | Mangancese | Potassium | Sodium| Sulfate
Location Date (mg/L) | (mg/L)| (mg/L) | (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L)] (mg/L)

Port 4 8-Jun-94 | ND 1190 242 106 91 44 26 60 5 U
13-Oct-94 | ND 1380 296 119 108 1.25 22 57 5 U
22-Feb-95 | ND 1400 290 140 110 4.8 19 59 I u
18-May-95 | ND ND 260 150 99 4.5 17 54 1
19-Jul-95 | ND 1200 270 140 110 3 19 64 2
12-Sep-06 ND 1100 280 130 06 4 19 57 1 U
15-Apr-97 | ND 1000 290 190 86 12 22 45 1 U
23-Sep-97 | ND 1100 280 270 90 9.3 19 44 1 U
8-Apr-98 | ND 1020 348 325 120 12.3 23 44.5 0.1 U
29-Jun-99 | ND 1239 320 441 130 11 24 60 0.5
11-Jan-00 ND 1190 55.2 470 50.2 10.07 22.9 59.9 0.1 U
8-Nov-00 ND 950 264 470 101 6.99 14.5 37.5 0.8
18-Jun-01 ND 960 360 490 130 9.4 24 60 0.48
5-Dec-01 ND 920 380 550 130 8.4 24 59 0.16

Note; mg/LL = milligrams per liter, ND = no data, U = not detected at or above the method reporting limit.
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Table 3-5

Leachate Indicator Parameters in
MWO05, MW06 and MWO07 Groundwater and Lysimeter Liquid Samples
Horn Rapids Landfill

Ammonia as N | Conductivity [ Nitrate as N pH TDS TOC
Location Date (mg/L) (pmhos/cm” (mg/L) (SU) | (mg/L) | (mg/L)
MWOS5 18-May-98 001 U 8§94 2.74 7.04 595 1 U
30-Jun-98 05 U 851 2.72 6.8 598 5
10-Aug-98] 0.018 873 2.87 0.83 598 9.4
16-Nov-98| 0.012 967 3.02 6.72 603 24
26-Jan-99] 0.026 1015 3.19 6.97 615 4.8
12-May-99{ 0.01 U 933 NT 6.89 605 1.7
5-0Oct-99 0.01 1026 3.4 6.8 634 1 U
21-Dec-99 0.02 1033 4 6.64 621 1 U
8-Feb-00 0.03 1102 3.4 6.65 620 5.4
16-May-00 0.07 781 3.29 6.52 596 1.09
30-Aug-00]  0.36 741 29 6.41 610 1
5-Dec-00f 0.027 887 32 6.5 620 1.5 U
10-Apr-011  0.048 813 3.2 6.58 610 1.5 U
25-Jul-01 0.01 8] 709 3.2 6.17 610 1.5 U
16-Oct-01 0.03 889 3.6 6.77 600 1.3
18-Dec-01 0.14 756 3.4 6.27 600 2.1
20-Mar-02 0.73 761 3.4 6.44 600 4.4
3-Jul-02 0.43 1023 3.2 6.17 590 3.4
15-Oct-02 0.41 938 2.5 6.29 620 1.7
17-Dec-02 0.2 1069 33 6.29 610 1.9
26-Mar-03 0.33 1048 3.4 6.34 620 2.4
11-Jun-03 0.19 3067/ 3.1 0.03 610 2.1
MW06 18-May-98 0.01 U 885 0.21 7.18 581 1 U
7-Jul-98 05 U 847 05 U 16.84 608 6.4
10-Aug-98{ 0.028 922 0.25 6.81 602 9.8
16-Nov-98 0.015 953 0.27 6.73 600 5
26-Jan-99| 0.042 1033 0.33 6.82 637 9.6
12-May-99]  0.01 U 1067 NT 6.89 627 3.2
5-Oct-99 0.01 U 1098 0.4 6.86 667 1 U
21-Dec-99}  0.01 U 1127 0.4 6.73 668 1 U
8-Feb-00|  0.03 1162 0.9 6.76 650 5
16-May-00{  0.07 877 0.4 6.01 664 1.35
30-Aug-001  0.07/2 907 0.1 u 1639 700 1.4
5-Dec-00f  0.01 U 1027 0.39 6.51 710 1.5 U
10-Apr-011 0.043 926 0.3 6.44 680 1.6
25-Jul-01f 0.023 733 0.33 6.22 700 1.5 U
16-Oct-01 003 U 1029 0.6 7.14 690 1.5
18-Dec-01 0.03 U 843 0.47 6.31 700 2
20-Mar-02 003 U 881 0.0 6.5 700 1.5
3-Jul-02] 0.048 1113 0.48 6.27 690 1.8
15-Oct-02] 0.045 1033 0.4 6.16 710 1.5
[7-Dec-02 0.03 U 1203 0.52 6.15 710 1.6
26-Mar-03 0.1 1147 0.67 6.32 700 1.7
11-Jun-03| 0.062 972 0.63 6.13 710 1.5
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Table 3-5

Leachate Indicator Parameters in
MWO05, MW06 and MW07 Groundwater and Lysimeter Liquid Samples

Horn Rapids Landfill

Ammonia as N | Conductivity | Nitrate as N pH TDS TOC

Location Date (mg/L) (umhos/cm” (mg/L) (SU) | (mg/L) | (mg/L)
MW07 20-Mar-01 0.04 936 12 6.34 960 2.3
10-Apr-01] 0.046 982 12 6.5 860 3.9

25-Jul-01 0.01 U 755 12 6.33 860 1.5 U
16-Oct-01]  0.047 974 12 6.43 960 33
18-Dec-01] 0.049 928 11 6.09 950 25
3-Jul-02] 0.048 1252 11 6.15 940 2.2
26-Mar-03| 0.056 907 14 6.24 990 1.9
11-Jun-03] 0.061 158 14 6.2 1000 1.9
Port 1 29-Apr-94 NT -10.5* NT 6.5 NT NT
8-Jun-94 0.14 -15.5* 0.01 6.8 1150 19.3
13-Oct-94 0.05 U -16.9* 0.02 6.7 1230 232
22-Feb-95 0.04 U |-103.9* n/a 8.2 330 14
18-May-95 NT NT NT NT NT NT
19-Jul-95 NT -35.1%* NT 7 NT NT
12-Sep-96 02 U NT 0.1 U 6.5 1200 46
15-Apr-97 7.9 2130 01 U 7.5 1200 200
23-Sep-97 5.5 2280 0.1 U 6.3 1500 280
8-Apr-98 NT 1155 NT 5.8 NT NT
21-Oct-98 2.35 2550 0.1 U 6.4 1770 140
29-Jun-99 NT NT NT NT NT NT
3-May-00 NT NT NT NT NT NT
8-Nov-00 1.95 832 0.46 5.9 360 NT
18-Jun-01 0.70 1100 0.16 5.9 770 NT
5-Dec-01 2.1 429 0.13 4.9 250 NT
19-Aug-02 NT 802 NT 5.3 NT NT
31-Dec-02 NT NT 0.079 NT NT NT
0/11/00 3.1 1384 0.3 6 1358 150
Port 2 29-Apr-94 NT 2.4% NT 63 | NT NT
8-Jun-94 NT NT NT NT NT NT
13-Oct-94 NT NT NT NT NT NT
22-Feb-95 0.04 U 14.2* NT 6.1 810 43
IR-May-95 0.05 11.3* 0.05 U 6.2 1100 40
19-Jul-95 004 U NT 005 U 850 28
12-Sep-96 1.8 -5.4% 001 U 6.3 1300 65
15-Apr-97 1.7 2560 02 U 7.3 1600 38
23-8ep-97 8.1 2200 0.1 U 0.5 1700 95
8-Apr-98 NT NT NT NT NT NT
21-Oct-98 NT NT NT NT NT NT
29-Jun-99 NT NT NT NT NT NT
11-Jan-00 2.95 1535 1544 6.3 160 8.4
3-May-00 NT NT NT NT NT NT
8-Nov-00 NT NT NT NT NT NT
18-Jun-01 NT NT NT NT NT NT
Port 2 5-Dec-01 NT NT NT NT NT NT
19-Aug-02 NT NT NT NT NT NT
31-Dec-02 NT NT NT NT NT NT
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Table 3-6

Leachate Indicator Parameters in
MW05, MW06 and MW07 Groundwater and Lysimeter Liquid Samples

Horn Rapids Landfill

Ammonia as N | Conductivity | Nitrate as N pH TDS TOC

Location Date (mg/L) (rmhos/cm” (mg/L) (SU) | (mg/L) | (mgL)
Port 3 29-Apr-94 NT NT NT NT NT NT
8-Jun-94 NT NT NT NT NT NT
13.Oct 91 NT NT NT NT NT NT
22-Feb-95 NT NT NT NT NT NT
18-May-95 0.04 U -1.5% n/a 6.4 840 27
19-Jul-95 NT NT NT NT NT NT
12-Sep-96 0.2 -9.6* 0.01 u 0.4 1400 1400
15-Apr-97 4.8 2250 0.1 U 7.4 1400 86
23-Sep-97 2.6 2610 I U 6.4 1800 40

8-Apr-98 6.23 2550 0.1 U 6.4 1530 1 U
21-Oct-98 2.75 2670 0.1 U 6.2 1690 160
29-Jun-99 1.3 1903 0.1 U 6.2 727 48
11-Jan-00 2.8 2530 0.1 U 6.1 1836 47
3-May-00 NT NT NT NT NT NT
8-Nov-00 2.1 1220 0.10 U 5.2 1800 43
18-Jun-01 1.7 2500 0.03 U 6.3 2000 54.5
5-Dec-01 2.8 1136 0.03 U 5.7 1400 NT
19-Aug-02 NT NT NT NT NT NT
31-Dec-02 NT NT NT NT NT NT
Port 4 29-Apr-94 NT NT NT NT NT
8-Jun-94 0.23 NT 0.01 U 6.6 1090 36.8
13-Oct-94 0.06 -10.3* 0.02 6.6 1370 46.5
22-Feb-95 0.36 -4.0* NT 6.4 1700 92
18-May-95 0.04 U -2.7* NT 6.4 1700 48
19-Jul-95 0.05 -21.7* 0.05 U 6.8 1500 34
12-Sep-96 0.2 U -19.2* 0.1 U 0.5 1500 250
15-Apr-97 1.4 2500 02 U 7.2 1600 69
23-Sep-97 2.2 2620 I u 6.4 1900 61

8-Apr-98 5.58 2620 0.1 U 6.4 1630 1 U
21-Oct-98 NT NT NT NT NT NT
29-Jun-99 1.5 2370 0.1 U 6.3 1837 90
11-Jan-00 2.3 2410 0.1 U 6 1906 100
3-May-00 NT NT NT NT N1 NT
8-Nov-00 1.5 1720 0.1 U 5.5 1800 68
18-Jun-01 1.8 2700 0.03 U 6.3 2000 67.5
5-Dec-01 1.8 1149 0.03 U 5.6 1900 NT
19-Aug-02 NT 905 NT 5.8 NT NT
31-Dec-02 NT NT NT NT NT

Notes: U = parameter not detected; NT = parameter not tested; mg/L = milligrams per liter;
mmhos/cm3 = micromohs per cubic centimeter; SU = standard pH units; ** Specific
Conductance units of measurement rel/mv .
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Table 4-1
Dissolved Methane and Total VOC Concentrations
Groundwater Samples

Horn Rapids Landfill

Total Total
Sample Date VOCs Methane Sample Date VOCs [Methane
Location Collected (ng/L) (ng/L) Location Collected (ng/L) (ng/L)
MWO05 10-Apr-01 132 840 MWO07 20-Mar-01 1024 13
25-Jul-01 208.9 1200 10-Apr-01 97.5 ND
16-Oct-01 113.2 990 25-Jul-01 149.7 4.5
18-Dec-01 139.8 1300 16-Oct-01 108.5 1.2
20-Mar-02 139.9 910 18-Dec-01 182.5 4.4
3-Jul-02 138.3 840 19-Dec-01 182.5 4.4
15-Oct-02 90.3 525 15-Oct-02 ND NT
17-Dec-02 107.6 458 17-Dec-02 ND NT
26-Mar-03 98.5 NT 26-Mar-03 98.9 NT
11-Jun-03 83.5 353 [1-Jun-03 74.8 ND
MWO06 ~ 18-Dec-01 139.8 1300 MW 10 10-Apr-01 50.2 23
20-Mar-02 139.9 910 25-Jul-01 954 81
3-Jul-02 138.3 840 16-Oct-01 38.9 0.0036
15-Oct-02 903 525 18-Dec 01 104.8 75
17-Dec-02 107.6 458 20-Mar-02 80.8 110
26-Mar-03 98.5 NT 3-Jul-02 74.8 98
11-Jun-03 83.5 353 15-Oct-02 57.2 103
10-Apr-01 2233 3500 17-Dec-02 58.2 82
25-Jul-01 326.7 5300 26-Mar-03 46.5 NT
16-Oct-01 234.5 4400 11-Jun-03 39.8 13
18-Dec-01 247.4 5000
20-Mar-02 272.7 4100
3-Jul-02 296.7 8000
15-Oct-02 212.6 2090
17-Dec-02 188.5 1930
26-Mar-03 220.2 NT
11-Tun-03 229.1 2120
Note; g/l = micrograms per liter, ND = not
detected at or above the method detection
limit, NT = not tested.
EMCON/OWT
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Figure

31

Piper (Trilinear) Diagram Showing lonic Chemistry of MW05, MW0G
and MWO07 Groundwater Samples and Lysimeter Liquid Samples
Horn Rapids Landfill
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Figure 3-2
Trilinear (Piper) Diagram Showing
lonic Chemistry of MW01, MW02, MW03, MW04, MWOS,
MW09 and MW10 Groundwater Samples
e Horh Rapids Landfill
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5-Feet of stick-up

1/2 inch 1.D. Schedule 80 PVC Well Casing.
Capped with 1/2 inch PVC ball-valve
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hydrated granular bentonite

1/2-inch Pea Gravel

(not drawn to scale)

| 1/2inch |.D. Schedule-80 PVC Blank Casing

15 feet below grade

1/2 inch 1.D. Schedule-80 PVC Well Screen

T 1T

0.020-inch factory perforations

Cover Soils (Thickness Varies)

/ PVC end-cap, sealed with teflon tape and attached with stainiess steel screws

1/2-inch Pea Gravel ——————"
screen bottom 6-inches above borehole bottom
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Borehole

Proposed Landfill Gas Monitoring Probe
for Landfill Gas Collection Performance
Monitoring Test
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PROPOSED LANDFILL GAS PROBE
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APPENDIX A

GP-12 EXPLORATORY AND PROBE CONSTRUCTION DETAIL
AND SUPPORTING DOCUMENTATION
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LOG OF EXPLORATORY BORING

PROJECT NAME  City of Richland BORING NO. GP-12
LOCATION Horn Rapids Landfill PAGE 1o0f 4
DRILLED BY Environmental West, Inc. REFERENCE ELEV. 481.0
DRILL METHOD Air Rotary TOTAL DEPTH 89.5'
LOGGED BY D. Higgins DATE COMPLETFD 8/11/03
SAMPLE BLOW METHANE =) -1 9 WELL LITHO- LITHOLOGIC
D COUNTS | (PERCENT) | 3w g Eﬁ ; DETAILS | LOGIC DESCRIPTION
% $4) 4z ; COLUMN
0 to 7.5 feet: SILTY SAND (SM), olive; fine sand; damp.
GRAB- N SILTY SAND (SM); olive; fine sand; damp.
S-1 s
N \@ 7.5 feet: very easy drilling. /
7.5 to 32.5 feet: SAND (SP); olive; 95 to 100 percent fine
to medium sand; 0 to 5 percent fines; slightly damp.
GRAB- N SAND (SP); olive; 95 to 100 percent fine to medium sand;
S-2 - 0 to 5 percent fines; slightly damp.
GRAB- N SAND (SP); olive; 95 to 100 percent fine to medium sand:
S-3 = 0 to 5 percent fines; slightly damp.
GRAB- | SAND (SP); olive; 85 to 90 percent fine sand; 10 to
S-4 - 15 percent medium sand; less than 5 percent fines:
. slightly damp.
GRAB- N 25— SAND (SP); olive; 85 to 90 percent fine sand: 10 to
S-5 . — 15 percent medium sand; slightly damp.
- _ Damp sand does not return well through casing. Circulating
- - air blowing into formation.
REMARKS
Scan borehole opening for methane at 37.5, 62.5 and 89,5 feet with LandTec GEM 500 for
120 seconds. None detected

Shawevmconowr, INc.

HORN.gds:2.9/5/03 HORN...810,835/0200.0200
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LOG OF EXPLORATORY BORING

PROJECT NAME  City of Richland BORING NO. GP-12
LOCATION Horn Rapids Landfill PAGE 20f4
DRILLED BY Environmental West, Inc. REFERENCE ELEV. 481.0
DRILL METHOD Air Rotary TOTAL DEPTH 89.5'
LOGGED BY D. Higgins DATE COMPLETED 8/11/03
SAMPLE BLOW | METHANE | o L lg | wew LITHOLOGIC
D COUNTS | (PERCENT) | Z gg’ Eu | 3] perais DESCRIPTION
% £y Wz E COLUMN
' GRAB- - s SAND (SP); olive; 80 Bércent medium sand; 20 percent
S-6 - fine sand; slightly damp.
N 325 to 37.0 feet: SILTY SAND (SM): yellowish-brown: fine
sand; dry.
GRAB- 35 SILTY SAND (SM); yellowish-brown; fine sand; dry.
S-7 I
0.0 | '37.0to 72.0 feet: SAND (SP); yellowish-brown to olive; 90
- to 100 percent fine to coarse sand; 0 to 10 percent fines;
i dry to slightly damp.
GRAB- - 40— SAND (SP); olive; 50 percent medium sand; 40 percent
S-8 - fine sand; and 5 to 10 percent subangular coarse sand:
) less than 5 percent fines; slightly damp.
GRAB Medium to coarse sand.
GRAB- B 45— SAND (SP); olive; fine to medium sand; slightly dam p.
$-9 - Minor subangular to angular coarse sand.
GRAB- N 50 SAND (SP); olive; subangular to angular medium to
S$-10 - coarse sand; 10 percent fine sand; slightly damp.
GRAB - Grain size changes to mostly silt and fine sand, and much
= drier.
GRAB- a 55 ] Same as above; minor subrounded fine gravel,
S-11 _ _—
60 —
REMARKS
Scan borehole opening for methane at 37.5, 62.5 and 89.5 feet with LandTec GEM 500 for
120 seconds. None detected.

Shaw - =vconowT, INc.
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LOG OF EXPLORATORY BORING

PROJECT NAMF  City of Richland BORING NO. GP-12
LOCATION Horn Rapids Landfill PAGE 3of4
DRILLED BY Environmental West, Inc. REFERENCE ELEV. 481.0
DRILL METHOD Air Rotary TOTAL DEPTH 89.5'
LOGGED BY D. Higgins DATE COMPLETED 8/11/03
SAMPLE BLOW | METHANE | o v o | wew | wtHo- LITHOLOGIC
D COUNTS | (PERCENT) | Z i § 3 = | pETAILS | Loaic DESCRIPTION
%; Bowz E COLUMN
GRAB- SAND (SP); olive; 80 percent medium sand; 20 percent
S-12 fine sand; dry.
0.0 -
GRAB- N 65— SAND (SP); yellowish-brown; 50 percent medium sand:
S-13 40 percent fine sand; 5 percent coarse sand; minor
B fines; dry.
GRAB- n 70— SAND (SP); olive; 60 pereent fine sand; 40 percent
S-14 - medium sand; 5 to 10 percent fines; dry.
- - 72.0 to 78.0 feet: SAND (SW); yellowish; 65 to 70 percent
medium sand; 15 to 20 percent fine sand; and 10 to
GRAB
15 percent coarse sand, dry.
- Very dry well-graded sand.
GRAB- B 75— SAND (SW); yellowish; 65 to 70 percent medium sand; 15
S-15 = to 20 percent fine sand; and 10 to 15 percent coarse
L sand, dry.
s 78.0 to 86.0 feet: SAND (SP); yellowish-gray to
- yellowish-brown; 95 to 100 percent fine to medium sand;
B 80— 0 to 5 percent fine gravel; dry.
GRAB- L - SAND (SP); yellowish-gray; 65 to 70 percent subrounded
S-18 coarse sand; 20 percent medium sand; 5 to 10 percent
i fine sand; minor fine gravel; dry.
GRAB | _ Fine sand, slightly damp.
GRAB- N 85 SAND (SP); yellowish-brown; fine sand; dry.
S-17 - -
s 86.0 to 89.5 feet: SAND (SP); yellowish-brown: 70 to
- 75 percent fine sand; 15 to 25 percent fine to medium
i - subrounded gravel; 5 percent fines; dry.
GRAB-
S-18 oo |
— 90
REMARKS

120 seconds. None detected.

Scan borehole opening for methane at 37.5, 62.5 and 89.5 feet with LandTec GEM 500 for

AN

Shaw - cvconowT, Inc.

HORN.gds:2.9/5/03.HORN...810.835/0200.0200
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LOG OF EXPLORATORY BORING

PROJECT NAME  City of Richland BORING NO. GP-12
LOCATION Horn Rapids Landfill PAGE 4 of 4
DRILLED BY Environmental West, Inc. REFERENCE ELEV. 481.0

DRILL METHOD Air Rotary TOTAL DEPTH 89.5'
LOCCED BY D. Higgins DATE COMFLETED 8/11/03

WELL LITHO- LITHOLOGIC
DETAILS | LOGIC DESCRIPTION
COLUMN

SAMPLE BLOW METHANE
D COUNTS | (PERGENT)

GROUND
WATER
LEVEL
DEPTH
IN FEET

SAMPLES

Boring terminated at 89.5 feet below ground surface.

0to 22.5 feet: Three %-inch-diameter, flush-threaded,
Schedule 80 PVC blank riser pipes.

22.5 to 32.5 feet: Two V-inch-diameter, flush-threaded,
Schedule 80 PVC blank riser pipes, and one
Yo-inch-diameter, flush-threaded, Schedule 80 PVC well
screen with 0.010-inch machined slots and
Ye-inch-diameter threaded end cap.

32.5t0 49.5feet One Ys-inch-diameter, flush-threaded,
Schedule 80 PVC blank riser pipe, and one

»»»»» Yz-inch-diameter, flush-threaded, Schedule 80 PVC well

T screen with 0.010-inch machined slots and

] Ys-inch-diameter threaded end cap.

- 49.5 lo 76.5 feet: ¥s-inch-dlameter, flush-threaded,
] Schedule 80 PVC blank riser pipe.

76.5 to 89.5 feet: V4-inch-diameter, flush-threaded,

— Schedule 80 PVC well screen with 0.010-inch machined

] slots and ¥z-inch-diameter threaded end cap.

5 - WELL COMPLETION DETAILS

~ 95

- 100

— 0to 20.0 feet: Bentonite chips hydrated with potable water.

105 — 20.0 to 35.0 feet: 10-20 Colorado Silica Sand

35.0 to 47.0 feet: Bentonite chips hydrated with potable
water.

47.0 to 62.0 feet: 10-20 Colorado Silica Sand10-20
Colorado Silica Sand.

62.0 to 74.0 feet: Bentonite chips hydrated with potable
water,

110 — 74.0 to 89.5 feet: 10-20 Colorado Silica Sand10-20

Colorado Silica Sand.

|\|\\»!‘\

Completed on surface with security casing set in concrete
and three bollards.

PVC T-couplings uscd to separate casing within bentonite

— seal at 10 and 41 feet bgs.
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REMARKS
Scan borehole opening for methane at 37.5, 62.5 and 89.5 feet with LandTec GEM 500 for @

120 seconds. None detected.
Shaw =vconowr, INc.
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STATE OF WASHINGTON

DEPARTMENT OF ECOLOGY

15 West Yakima Avenue, Suite 200 » Yakima, Washington 98902-3452 « (509) 575-2490
August 18, 2003

Dale Landon

Shaw Environmental & Infrastructure
1045 Jadwin Ave., Suite C

Richland WA 99352

Dear Mr. Landon:
RE:  Water Well Construction Variance to WAC 173-160-420 3)

This letter is in response to your request for a variance from the resource protection well
construction standards contained in Washington Administrative Code (WAC) 173-160,
Minimum Standards for the Construction and Maintenance of Wells.

This variance request is to allow for an 8-inch diameter borehole to be drilled down to a
depth of 89 feet, with three gas probes nested inside the borehole. The three gas probes
will consist of ¥2 inch 1D. schedule 80 PVC well casings. The lower most gas probe
screened section will be near the bottom of the borehole encapsulated in 15 feet of
Colorado 10/20 sand. There will be a 12-foot thick bentonite seal above the sand up to
the next screened section. This screened section will also be encapsulated in sand with
another 12 feet of bentonite to seal between it and the upper screened section. The upper
screened section will repeat the sand sequence, but will have 20 feet of bentonite sealing
material between it and the concrete pad at the surface.

The gas probe borehole will be located within the property boundary of the Horn Rapids
landfill. The gas probe well will be immediately down gradient from a SO foot deep
waste disposal pit, reported in a draft report by Hong West and Associates in 1990.

After studying the well log data, site plan, old report, and current gas probe proposal done
by Department of Ecology employee, Gene Potts, a variance is hereby granted from
WAC 173-160-420 (3), which states in part, “Nested resource protection wells are

prohibited”.
This variance is subject to the requirements set forth below:
1. This variance is for one gas probe resource protection well with three nested ¥% inch

PVC well casings installed in it, located in the SW¥ of Section 17, Township 10 N.,
Range 28 E'W.M., at the Horn Rapids Landfill.

DOCO006.max



Dale Landon
August 18, 2003
Page 2

2. The work shall be done by a licensed monitoring well drilling operator as set forth by
WAC 173-162-040.

3. The well shall be constructed according to the construction details provided to this
Department for the proposed GP-14 Gas Probe.

4. The well shall be decommissioned after the completion of the gas probe study.

If you have any questions regarding this variance, please contact Gene Potts at
(509) 575-2639.

This Order may be appealed pursuant to RCW Chapter 43.21B. The person to whom this
Order is issued, if he or she wishes to file an appeal, must file the appeal with the
Pollution Control Hearings Board within thirty (30) days of receipt of this Order.
Send the appeal to: Pollution Control Hearings Board, P.O. Box 40903, Olympia,
Washington 98504-0903. At the same time, a copy of the appeal must be sent to:
Department of Ecology, Water Resources Appeals Coordinator, P.O. Box 47600,
Olympia, Washington 98504-7600. All others receiving notice of this Order, who wish
to file an appeal, must file the appeal with the Pollution Control Hearings Board within
thirty (30) days of the date the Order was mailed. The appeal must be filed, with both
the Pollution Control Hearings Board and the Department of Ecology, in the same
manner as described above.

Robert F. Barwin, Section Manager
‘Water Resources Program

RFB:GP:gh
030821

cC: Marian Bruner, WR/HQ
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B LY LT PUPUC RO PP POp o

Notification Number

NO™'CE OF INTENT TO CONSTRUCT A ifcnion Nt
MONITURING/RESOURCE PROTrCTION WELL R 034710

I, fer ‘This form and required fees MUST BE RECEIVED by the Department of Ecology 72

LoGcY HOURS BEFORE you construct a well

Submit on¢ form and required fee (check or money order ONLY) for each job site. Mail this form to the Deparument of Ecology,
Watcr Resources Program, Well Drilling Unit, PO Box 47600, Olympia WA 98504-7600. Instructions for {illing out this form

are printed on the back.

NOTE: PLEASE PRINT ALL ANSWERS. PROCESSING YOUR NOTICE OF INTENT MAY BE DELAYED IF ALL FIELDS)
OUTLINED IN THE( BOXES \ ARE NOT FILLED IN COMPLETELY.

eovamm— rm————eereeppyr et
m
1. Property Owner C l‘f‘;/ n% "R\ic-\\\o_u& Phone No, W_&Z____

Address (include city, state and zip) Y () Mnrﬁ‘\a\?‘t’n‘;?fd\'cxnll wAh 99352,

2. Consulting Firm (if different from #1) _E__ms\_nu//o Wi IV £ V3 Phone No. -603-/0
Address (include ciry, state and zip) /0 Z00 SW) Nimbus Aue,, Thetland OR 97293

3, Well Location: S\ 1/4-1/4 of the Sla) 1/4 Section_J Z.__ TownshiplD_M Rangc..;lg_E. T~ (circls one)

WwWwM

4. Pnnt COUNTY NAME of well location (DO NOT ABBREVIATE) Rc’_n-\r HnNn

5. Approx construction start date x -7 - 03

Lattitude and Longitude (if available) NOTE: 1/4-1/4, 1/4, scction, township and range are REQUIRED,
LatDegrees ______~~~ LaiTime

Horizontal collection
Long Degrees _ ———  Long Time method

6. Well Site Street Address 02 Twin Btidgﬂﬁ EA. ?(gb!nné W& 7793572

7. Tax parcel number

8. Contractor L & 1 Registration No, ENVIRIWE ) 0/ PP

9. Well Drilling Company Name MWL%L&L Phone No, 207- S9-279)
10, Well Driller Name w License No. 1252&___.

12. SEND THE ENTIRE FORM. The bottom portion of this notice will be validated in our office and sent back to the name and
address contained on the address label. This is the proof of hotification. Pleasc fill out the porion below CAREFULLY.
NOTE: Please copy the Notification Number (located in the upper and lower right corner) and keep in a safe place. Please
reference this number when communicating with the Depariment of Ecology.

S LT
Awd of payment: $40 per well This notification number must be R J.0 4 4 U
provided to your well driller:

x| Number of wells to be constructed on this job site

od
3 QQ — _Total Due and Aru Enclosed EM 87
RETURN NAME AND MAILING ADDRESS
Name £00) fcome ad.d ME&I_EJ_PLMM,LQC_,W Clicnt Name
Address £.0. 8ox ) 09 <™
City _Npaictine. sae MK 7, F72/( ]

ECY 040-22 (Rev. 2/01)
TOTAL P.B2

DOCO006.max



STATE OF WASHINGTON
DEPARTMENT OF ECOLOCY

15 West Yikiria, Suite 200 = Yakima, Washington 969023401 = (509) 575-2490

o VARIANCE REQUEST
MINIMUM STANDARDS FOR WELL CONSTRUCTION

Requested By: _ [L&L'OV“" Qﬁqﬂ\dﬁ Z.Cu/\Cl QL}
Address: ;2;CJA\Q}QL L(}iju}ty+fw\

paytime Phone: d Jan NG5 ing (Emeont) /EDS\ 603~ 1065
e 19X <7 7 7
Property Qwner (if differant): C_l“"& Cﬁ P’QCL‘LC\L‘((

51&2 Location: SY %, Section / /, Township [0 N, Range 7 0(
E.W.H,

Street Address: ?L{O A)0M*Ll,:\‘v,{ P{d/\\qu LJA 9’7 SS

U
Well Driller/Comipany (1f known) RO ATHIR
~J
_ Water wWell X Rescurce Protection Well (Check ©Ona)

Whnat cenpstriuction standard can not be mat? ?QSQ\”S‘J‘ '1LO CJHKLV‘Ud‘
o LUsked a5, Probe -

Redpon why standard cannot be met. Include gite map and distances from
ql-l krigvh poteritial pources of contamination . if setback variance ig

ing requested. , ,
3\7:‘5 et soo probe despes < lons  pore  acciondde. dopbhi- desack
__égs soalenhwebon . e coon ot s Trore s Gashiuel /ocade.

e okes ,eack 3 <«
Q

24

Complete and retuwsh wich your site map to: Department of Rcology
15 W Yakima Ave Ste 200

Yakdmia, WA 9bsOR-I401L

Attach addicional pa if .
“‘“wm?dditional pagas if necegpary

DOCO006.max



RESOURCE PROTECTION WELL REPORT Notice of Intent No, Q 5-31—{ 1{0

(SUBMIT ONE WELL REPORT PER WELL INSTALLED)

glgmctiodnmccnmmissian ("x" in circle) . Type of Well (s in circle)
nstction S .
O Decommission Original Construction Nolice g‘ g;‘::;‘si :‘;gz:‘;‘;
s of Intent Number
Property Owner £y +:y ot .Ql chl a-,-zC/ Site Adgzﬁﬁ:lgm,d/jﬂw
Unique Ecology Wcll ID Tag No. AR 193 City " County: Bsn‘/?;/ »
: . soc /i cirgle
Consulting Firm —_ Eencoes JOL/ T Zorg Location @ 4114 S sec L2 Twnmwﬁ&,M irel
Driller or Trainee Name LavLong (s,t,r  LatDecg Lat Mit/$ce
still REQUIRED) ]
Driller or Traince Signaturc ' Long Deg Long Min/Sec
Driller or Trainee License No Tax Parcel No.
. R Cascd or Uncascd Digmeter Static Level ..__.._._,"/O ‘UW
ISﬂ;rr?la::frcc ;ﬁlﬁgg;":: ) .ﬂ‘r'— Werk/Decommission Start Date &40 3
' \wﬁ’ 4 ‘ o
# hl" = J M ecommission Completed Date i e 23
Wel] Data Formation Description
4 s
/ |
5 % % %gﬂ;ﬁaﬁ .'
"l e =
nan :
|
g | | 22,
i iyt . W i = ‘(""“‘J : i
| W /2 sk gp PUC 0lg Stces/ 1 _H TPek x
-,)1’5“:-‘ ' ii | E 3.
. j“ — ¢ I 3;
F ! / /1 17 / 12 1
40 | 27 fore hole. 1 7 |batae sond e
‘ I ; /// // el i
i ! / _:_’é_ 4 : %7
,S! I &g,
- Y = P
! 10" 72" <ch 90 PUc oo schezy = Sernd }
iy “E Pock L
" %
6+ | P
[ 7RV / | !
" / 7| :
iz Z - e
: { A/ r'4 - : 76’,
g t0' 22" 5th 60 PUC 0IO Sprar | Sout! |
tZG n Pock “ U
/5 | 754
s Yz |
7 ‘ K7
’ i |
' !
: = : ]
' i
)7 oo
Scale "= i Page _ of ECY 050-12 (Rev 2/01)

TOTAL P.@2
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~ APPENDIX B

FIELD DOCUMENTATION
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EMCON/OWT, Inc.
Fleld Report Form

Shaw- EMCON/OWT, Inc. ot

Clie %f /3 tA/ W/ Weather:

Proect F SMnW’X/"’}U?
/o&%s”ﬁmkwj |

/'S PA&_S{ E Date; ?/[(f'/(’j

Ptepared By:

Address: Amival; 9107,
C zzﬁm /)ﬂ()‘WéwQ K'CA/W«/Z é\/ﬁ Departure: /Y 25

"Aﬂ’(rﬁ/ﬂ 571& K‘m/ mé?L' V/SW%/(/M

@/,47[ 5. e m“'ff/\%“ﬁm\ W/ 5‘%@»{

4@//4”@% LA e, ;4&»9 (n SU-08,

Mw=0b , p. M3 @wérwj LF6

M?é/kﬁ /%7« ek AC poell Q il

s Ol ded Ao TR s eere

bf@ ?&WZ‘D /ﬁuwnxxw

/7/45&% L/“"é Com Cerds /ZM§ N it/

Gzs  pve ke /Gﬂ /’1—/ mi;Z nﬂ//écf(% o Sanple

ernsd Lo Do pidile pute fomped

LEG 5 oDe s, %é Q«e ﬂmlzs

Signed: J/ZWMQ Mvéw/,\/

EMCON Fisld Report Form 11:63 AM02/14/2003
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EMCON/OWT, Inc."

Fleid Report Form
, P"r‘::f;’_‘?zé o "%%9 o bz,
Shaw * eMconOWT, inc: [ ST
TS Dol [ =

& Nuy fas jvaL.L : 6P~/Z[w OP- /%7) N Lk
Shalles - /MSSM CHy O Coqy |

140 00" O3% 294K [92) bl
, 7446 /h///[(i g.0" /4.3%' 0-0% 26274 720 sec{
7256 leep o." 119% 0.0k 287 osel

’\«G’/A?L)QO{ a é/SW&/(, .Sﬂ‘j(é (z"‘mfnm> 347:41/\ GP-17
piddle_geoke @ 1045 Jhlh 00d 265

3o 6P, [(5) 00" 00% 30 €24  Sosws
4 or () o) 008 29 /R syosed
345 6P-1 (1) 02" O HFL 2Fh s
1328 go-1(x) o4 00h )DL 2.2h ssesak
3% @QeP-20) 23" (% DUL 2854 siosed
YL GP2b) w250k 03 2i2t ok
(352 GPS(D 03 e3% 0¥, USh  2eesk
1400 GPS(Y o0t SPhe Gl] R wesds
JHe3 G5 ) - o) 02% T3 7% ssosd
RN ETD) 06" 32 0¥ 2029 s
Y 6090 03" 00k st 9L (foad
/WAWM

EMCON Fleld Report Form 11:63 AMO02/14/2008
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EMCON/OWT, Inc.”

Fleld Report Form

Client; C. f/ 07[ fk

hlovd  |Weather:
Horn LF §°3,ffal% SF
@ Project: -
Shaw - EMCONOWT, inc. [ S e
- |Prepared By: Address: Artival:
/GS“’VL@W Departure;

M- oW/ 7895 @ 952

(2@ 9;[&‘\»\[!%5 _C,/eé/ gﬁgp

Loe  Defh  ppA4 CHed Tovs 7§
[0 24  Cort Ly cosing 022 | Oy Juel oo wv VLD
(0130 o' N, \ ML Fz/) Lorin ,
19:33 ga’ 5{47 Zég //ﬂ« % |
/0130 30 Sy
W39 Yo 55
V4 s Y7
1076 o’ 3.4
(0¢7 ' 3./
(018 gU° 27
s fof 3
.zgyﬁmgja;% i Hy
wol //\eD ~5¢7 2.9 (o2 0>
AJjeS A9y 2.0 Yo ,3.%
Sunrnna Sém\f;k ~
Signed: MAW
7
11:63 AMo2/1 4/2063

EMCON Flsld Report Form
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EMCON/OWT, inc. .
Fleld Report Form

Client /—}a«r\ %\(fi /[:hl; Yiat}fxa
Project i
Shaw- EMCON/OVVI INC: [Event: Date: 9/ 53
-~ [Preparea ess: ival:
" 25{”\%//&&4}%& - g:::anixre
M-S Dhu &y 3! @ 128 CH" gop hbe)
Lime  bepfr,  pom iyl el
(3¢ g”".c“?f? 60
36y =
Ry 90! 2.3
h il Mﬂ | 20! 273
Nruy Yo' 20
s 50 30 |
[Avad 7 3./ | = -
(S~ Fo 3.0 |
sy &0 29
(o435 ) wl 23 (6, (n
#/2000 ~go! - @0.0.0 p.0 ;;‘.—/
Toomcomd)
Signed: /AWAW‘“A
11:58 AMo2A1 4/2063

EMCON Fiald Report Form
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EMCON/OWT, Inc.

EMCON Fleld Report Form

DOCO002.max

Fleld Report Form
Client; X(ziather: gp
Project: : M‘a l
Shaw ™~ EMCONOWT, inc. [er e b
. Preparid deyga N ) Wm} - |Address: ;::;w
MNw=2= DTW P45 @ 29
Timt  Pegd  gom.  CHyY
2230 Sor 00
(232w (6.2
- he35 20! (e
LZ>3€ Do / (17[
2v0 o' 6.4
Y3 &0 /59
(2o bo' /53
Py 79 17
/252 & [t
/2254 9o IS
[ 25¥ ~Lus) 1ol /45 (e O
47300 ~67' J$% 31§ o0
Signed: /é&»ﬂ/r 0 M,‘M |
- | 1163 AM02114/2068
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APPENDIX C

LABORATORY ANALYTICAL REPORTS, CHAIN-OF-CUSTODY
FORMS, AND RESULTS OF FIELD AND LABORATORY QA/QC
| : REVIEW
(Headspace Summa Canister Fixed Gas and VOC Results)
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Headspace Summa Canister Fixed Gas and VOC Results

DOC (3).max




Columbia
Analytical
services™  RECD OCT 2 1 2003

An Employee - Owned Company

LABORATORY REPORT
Client: EMCON/OWT Date of Report: 10/14/03
Address: 10300 SW Nimbus Avenue, Suite B Date Received: 09/23/03
Portland, OR 97223 CAS Project No: P2302029
Contact: Mr. Jason Davendonis Purchase Order: 2112 0P

Client Project ID: Horn Rapids LF/810835 02000300

Four (4) Stainless Steel Summa Canisters labeled:

“GP-12 (middle)” “MW-5”7 “MW-6" “MW-77

The samples were received at the laboratory under chain of custody on September 23, 2003. The
samples were received intact. Please refer to the sample acceptance check form for additional
information. The results 1eported herein are applicable only to the condition of the samples at the time

that they were received at the laboratory.

Fixed Gases Analysis

The samples were analyzed for fixed gases (oxygen/argon, nitrogen, carbon monoxide, methane and
carbon dioxide) according to modified EPA Method 3C (single injection) using a gas chromatograph
equipped with a thermal conductivity detector (TCD).

Reviewed and Approved: Reviewed and Approved:
Svetl sh Wade Henton
Anal«ZélWChenﬁst GC-VOA Team Leader P age
Air Quality Laboratory Air Quality Laboratory 1 of &
NELAC 2665 Park Center Drive, Suite D ¢ Simi Valley, California 93065 Seal 'f“g{:lé Jence
Accredited (805) 526-7161  1-800-695-7222 x13  Fax (805) 526-7270 %\ aboratory
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Golumbia
Analytical
Services™

An Employee - Owned Company

CAS Project No: P2302029

Volatile Organic Compound Analysis

The samples were also analyzed by combined gas chromatography/mass spectrometry (GC/MS) for
volatile organic compounds. The analyses were performed according to the methodology outlined in EPA
Method TO-15. The analyses were performed by gas chromatography/mass spectrometry, utilizing a
direct cryogenic trapping technique. The analytical system used was comprised of a Hewlett Packard
Model 5973 GC/MS/DS interfaced to a Tekmar AutoCan Elite whole air inlet system/cryogenic
concentrator. A 100% Dimethylpolysiloxane capillary column (RTx-1, Restek Corporation, Bellefonte,
PA) was used to achieve chromatographic separation.

The results of analyses are given on the attached data sheets. All results are intended to be considered in
their entirety, and Columbia Analytical Services, Inc. (CAS) is not responsible for utilization of less than
the complete report.

2

NELAC 2665 Park Center Drive, Suite D * Simi Valley, California 93065 Seal Of\g(’cLe,,ence
Accredited (805) 526-7161  1-800-695-7222 x13  Fax (805) 526-7270 Laboratory
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COLUMBIA ANALYTICAL SERVICES, INC.

RESULTS OF ANALYSIS

Page 1 of 1
Client : Emcon/OWT
Client Sample ID: GP-12 (middie) CAS Project ID: P2302029
Client Project TD: Horn Rapids LF/810835 02000300 CAS Sample 1D: P2302029-001
Test Code: Modified EPA Method 3C Date Collected: 9/18/03
Instrument ID: HP5890/TCD #1 Date Received: 9/23/03
Analyst: Michele Hickman/Wade Henton Date Analyzed: 9/24/03
Sampling Media: Summa Canister Volume(s) Analyzed: 0.10 ml
Test Notes:
Container ID: SC00173
Pil= 0.0 Pfl1= 35
DF.=124
Result MRL Data
CAS # Compound Qualifier
(%, v/v) (%, viv)

7782-44-7 Oxygen +

7440-37-1 Argon * 0.710 0.124

7727-37-9 Nitrogen 54.5 0.124

630-08-0 Carbon Monoxide ND 0.124

74-82-8 Methane 16.7 0.124

124-38-9 Carbon Dioxide 282 0.124

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.

MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.

* = Coeluting Compounds

02029SVG.RD! - Sample

DOC (3).max

Verified By:

QG

Date: LD\7 t%




COLUMBIA ANALYTICAT, SERVICES, INC,

RESULTS OF ANALYSIS

Page 1 of 1
Client : Emcon/OWT =
Client Sample ID: GP-12 (middle) CAS Project ID: P2302029
Client Project ID; Horn Rapids LE/810835 02000300 CAS Sample ID: P2302029-001DUP
Test Code: Modified FPA Method 3C Dute Collected: 9/18/03
Instrument ID: HPS5890/TCD #1 Date Received: 9/23/03
Analyst: Michele Hickman/Wade Henton Date Analyzed: 9/24/03 E-
Sampling Media: .Summa Canister Volume(s) Analyzed: 0.10 ml
Test Notes:
Container ID: SC00173
Pil= 0.0 Pf1= 35
DF. =124
Result MRL Data
CAS # Compound Qualifier
(%, v/v) (%, vIv)

7782-44-7 Oxygen +

7440-37-1 Argon * 0.699 0.124

7727-37-9 Nitrogen 54.1 0.124 e

630-08-0 Carbon Monoxide ND 0124 !

74-82-8 Methane 16.6 0.124

124-38-9 Carbon Dioxide 28.6 0.124

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.
* = Coeluting Compounds

Verified By: € ¢ Date: 0\ 1

02029SVG.RDI1 - DUP
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COLUMBIA ANALYTICAL SERVICES, INC,

RESULTS OF ANALYSIS

Page 1 of |
Client : Emcon/OWT
Client Sample ID: MW-5 CAS Project ID: P2302029
Client Project TD: Horn Rapids LF/810835 02000300 CAS Sample ID: P2302029-002
Test Code: Modified EPA Method 3C Date Collected: 9/18/03
Instrument ID: HPS5890/TCD #1 Date Received: 9/23/03
Analyst: Michele Hickman/Wade Henton Date Analyzed: 9/24/03
Sampling Medjia: Summa Canister Volume(s) Analyzed: 0.10 ml
Test Notes:
Container ID: SC00567
Pil= -0.4 Pfl1= 35
D.F. =127
Result MRL Data
CAS # Compound Qualifier
(%, v/v) (%, v/v)

7782-44-7 Oxygen +

7440-37-1 Argon * 16.8 0.127

7727-37-9 Nitrogen 77.1 0.127

630-08-0 Carbon Monoxide ND 0.127

74-82-8 Methane ND 0.127

124-38-9 Carbon Dioxide 6.09 0.127

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.

MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.

* = Coeluting Compounds

02029SVG.RD1 - Sample (2)

DOC (3).max

Verified By:

Q,LJ"

Date:| (3 l ] (()3




COLUMBIA ANALYTICAT, SERVICES, INC.

RESULTS OF ANALYSIS

Page 1 of 1
Client : Emcon/OWT
Client Sample ID: MW-6 CAS Project ID: P2302029
Client Pruject ID: Horn Rapids L¥/810835 02000300 CAS Sample ID: P2302029-003
Test Code: Modified EPA Method 3C Date Collected: 9/18/03
Instrument ID: HP5890/TCD #1 Date Received: 9/23/03
Analyst: Michele Hickman/Wade Henton Date Analyzed: 9/24/03
Sampling Media: Summa Canister Volume(s) Analyzed: 0.10 ml
‘Test Notes:
Container ID: SC00051
Pil= .86 Pf1= 35
D.F. =298
Result MRL Data
CAS # Compound Qualifier
(%, viv) (%, viv)

7782-44-7 Oxygen +

7440-37-1 Argon * 22.2 0.298

7727-37-9 Nitrogen 77.2 0.298

630-08-0 Carbon Monoxide ND 0.298

74-82-8 Methane ND 0.298

124-38-9 Carbon Dioxide 0.621 0.298

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.

MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.

* = Coeluting Compounds

02029SVG.RD! - Sample (3)

Verified By: QLJ

Date: ]Q !’\I 09
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COLUMBIA ANALYTICAL SERVICES, INC.

RESULTS OF ANALYSIS

Page 1 of 1
Client : Emcon/OWT
Client Sample ID:  MW-7 CAS Project ID: P2302029
Client Project ID: ITorn Rapids LF/810835 02660300 CAS Sample ID: P2302029-004
Test Code: Modified EPA Method 3C Date Collected: 9/18/03
Instrument ID: HP5890/TCD #1 Date Received: 9/23/03
Analyst: Michele Hickman/Wade Henton Date Analyzed: 9/24/03
Sampling Media: Summa Canister Volume(s) Analyzed: 0.10 ml
Test Notes:
Container ID: SC00343
Pil= -14 Pf1= 35
DF. =137
Result MRL Data
CASH# Compound Qualifier
(%, v/v) (%, v/v)

7782-44-7 Oxygen +

7440-37-1 Argon * 3.99 0.137

7727-37-9 Nitrogen 56.2 0.137

630-08-0 Carbon Monoxide ND 0.137

74-82-8 Methane 11.9 0.137

124-38-9 Carbon Dioxide 279 0.137

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.
* = Coeluting Compounds

02029SVG.RD! - Sample (4)

Verified By:

DOC (3).max

R (e

Date: \0‘"\ l 03




COLUMBIA ANALYTICAL SERVICES, INC.

RESULTS OF ANALYSIS

Page 1 of 1
Client : Emcon/OWT
Client Sample ID: Method Blank CAS Project ID: P2302029
Clicnt Project ID: Horn Rapids LF/810835 02000300 CAS Sample ID: P030924-MB
Test Code: Modified EPA Method 3C Datc Collected: NA
Instrument ID: HP5890/TCD #1 Date Received: NA
Analyst: Michele Hickman/Wade Henton Date Analyzed: 9/24/03
Samipling Media: Summa Canister Volume(s) Analyzed: 0.10 mi
Test Notes:
D.F.= 1.00
Result MRL Data
CAS # Compound Qualifier
(%, v/v) (%, v/v)
7782-44-7 Oxygen +
7440-37-1 Argon * ND 0.100
7727-37-9 Nitrogen ND 0.100
630-08-0 Carbon Monoxide ND 0.100
74-82-8 Methane ND 0.100
124-38-9 Carbon Dioxide ND 0.100

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.

* = Coeluting Compounds

Verified By:  €.¢r Date: Lo\ 1@

02029SVG.RD1 - MBlank

DOC (3).max



COLUMBIA ANALYTICAL SERVICES, INC.

RESULTS OF ANALYSIS

Page 1 of 2
Client: Emcon/OWT
Client Sample ID:  GP-12 (middle) CAS Project ID: P2302029
Client Project ID:  Horn Rapids LF/810835 02000300 CAS Sample TD: P2302029-001
Test Code: Modified EPA TO-15 Date Collected: 9/18/03
Instrument ID: Tekmar AUUTOCAN/HPS973/HP6890/MS3 Date Reccived: 9/23/03
Analyst: Svetlana Walsh Date(s) Analyzed: 9/29/03
Sampling Media: Summa Canister Volume(s) Analyzed: 0.020 Liter(s)
Test Notes: 0.0020 Liter(s)
Container ID: SC00173
Pil= 0.0 Pf1= 3.5
D.F. =124
CAS # Compound Result MRL Result MRL Data
pg/m? pg/m’ ppbV ppbV Qualifier
74-87-3 Chloromethane ND 62 ND 30
75-01-4 Vinyl Chloride 1,200 62 480 24
74-83-9 Bromomethane ND 62 ND 16
75-00-3 Chloroethane 130 62 51 24
67-64-1 Acetone ND 310 ND 130
75-69-4 Trichlorofluoromethane 160 62 28 11
75-35-4 1,1-Dichloroethene 130 62 33 16
75-09-2 Methylene chloride 150 62 43 18
76-13-1 Trichlorotriflucroethane 110 62 15 8.1
75-15-0 Carbon Disulfide ND 62 ND 20
156-60-5 trans-1,2-Dichloroethene 310 62 79 16
75-34-3 1,1-Dichloroethane 2,300 62 570 15
1634-04-4 Methy! tert-Butyl Ether ND 62 ND 17
108-05-4 Vinyl Acetate ND 62 ND 18
78-93-3 2-Butanone (MEK) ND 62 ND 21
156-59-2 cis-1,2-Dichloroethene 3,200 62 810 16
67-66-3 Chloroform ND 62 ND 13
107-06-2 1,2-Dichloroethane ND 62 ND 15
71-55-6 1,1,1-Trichloroethane ND 62 ND 11
71-43-2 " Benzene 97 62 30 19
56-23-5 Carbon Tetrachloride ND 62 ND 9.9
78-87-5 1,2-Dichloropropane ND 62 ND 13

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.

Verified By: ¥4, Date: LD\’\ 105

02029VOA RD1 - Sample . Page No.:
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COLUMBIA ANALYTICAI. SERVICES, INC.

RESULTS OF ANALYSIS

Page 2 of 2
Client: Emcon/OWT
Client Sample ID:  GP-12 (middle) CAS Project ID: P2302029
Client Project ID:  Horn Rapids LF/810835 02000300 CAS Sample ID: P2302029-001
Test Code: Modified EPA TO-15 Date Collected: 9/18/03
Instrument ID: Tekmar AUTOCAN/HP5973/HP6890/MS3 Date Received: 9/23/03
Analyst: Svetlana Walsh Date(s) Analyzed: 9/29/03
Sampling Media: Summa Canister Volume(s) Analyzed: 0.020 Liter(s)
Test Notes: 0.0020 Liter(s)
Container ID: SC00173
Pil= 0.0 Pf1= 3.5
DF.=1.24
CAS # Compound Result MRL Result MRL Data
pg/m’ pg/m? ppbV ppbV Qualifier

75-27-4 Bromodichloromethane ND 62 ND 93

79-01-6 Trichloroethene 2,900 62 540 12

10061-01-5 cis-1,3-Dichloropropene ND 62 ND 14

108-10-1 4-Methyl-2-pentanone ND 62 ND 15

10061-02-6 trans-1,3-Dichloropropene ND 62 ND 14

79-00-5 1,1,2-Trichloroethane ND 62 ND 11

108-88-3 Toluene ND 62 ND 16

591-78-6 2-Hexanone ND 62 ND 15

124-48-1 Dibromochloromethane ND 62 ND 7.3

106-93-4 1,2-Dibromoethane ND 62 ND 8.1

127-18-4 Tetrachloroethene 18,000 62 2,700 9.1

108-90-7 Chlorobenzene ND 62 ND 13

100-41-4 Ethylbenzene ND 62 ND 14

136777-61-2 m,p -Xylenes ND 62 ND 14

75-25-2 Rromoform ND 62 ND 6.0

100-42-5 Styrene ND 62 ND 15

95-47-6 o-Xylene ND 62 ND 14

79-34-5 1,1,2,2-Tetrachloroethane ND 62 ND 9.0

541-73-1 1,3-Dichlorobenzene ND 62 ND 10

106-46-7 1,4-Dichlorobenzene ND 62 ND 10

95-50-1 1,2-Dichlorobenzene ND 62 ND 10

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.

MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.

10
(s Date: I_.b,‘”?\()‘)

Page No.:

Verified By:

02029VOA RDI - Sample

DOC (3).max



COLUMBIA ANALYTICAL SERVICES, INC.

RESULTS OF ANALYSIS

Page 1 of 2
Client: Emcon/OWT
Client Sample ID: MW-5 CAS Project ID: P2302029
Client Project ID: Horn Rapids LF/810835 02000300 CAS Sample ID: P2302029-002
Test Code: Modified EPA TO-15 Date Collected: 9/18/03
Instrument ID: Tekmar AUTOCAN/HP5973/HP6890/MS3 Date Received: 9/23/03
Analyst: Svetlana Walsh Date(s) Analyzed: 9/29 - 9/30/03
Sampling Media: Summa Canister Volume(s) Analyzed: 0.10 Liter(s)
Test Notes: 0.0020 Liter(s)
Container 1D: SC00567
Pil= -04 Pf1= 35
D.F. =127
CAS # Compound Result MRL Result MRL Data
pg/m? pg/m? ppbV ppbV Qualifier

74-87-3 Chloromethane ND 13 ND 6.2

75-01-4 Vinyl Chloride 490 13 190 5.0

74-83-9 Bromomethane 99 13 26 33

75-00-3 Chloroethane 310 13 120 4.8

67-64-1 Acetone ND 64 ND 27

75-69-4 Trichlorofluoromethane 160 13 29 2.3

75-35-4 1,1-Dichloroethene 140 13 34 3.2

75-09-2 Methylene chloride 210 13 61 3.7

76-13-1 Trichlorotrifluoroethane 57 13 7.4 1.7

75-15-0 Carbon Disulfide 27 13 8.7 4.1

'156-60-5 trans-1,2-Dichloroethene 47 13 12 3.2

75-34-3 1,1-Dichloroethane 1,000 13 260 3.1

1634-04-4 Methy! tert-Butyl Ether ND 13 ND 3.5

108-05-4 Vinyl Acetale ND 13 ND 3.6

78-93-3 2-Butanone (MEK) ND 13 ND 4.3

156-59-2 cis-1,2-Dichloroethene 1,400 13 360 3.2

G67-66-3 Chloroform ND 13 ND 2.6

107-06-2 1,2-Dichloroethane 18 13 4.4 3.1

71-55-6 1,1,1-Trichloroethane 52 13 9.5 2.3

71-43-2 Beuzene 138 13 5.5 4.0

56-23-5 Carbon Tetrachloride ND 13 ND 2.0

78-87-5 1,2-Dichloropropane 13 13 2.7 2.7

ND = Compound was analyzed for, but not detected above the laboratory reporting limit,
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.

Verified By:

02029VOA RDI - Sampte (2)

DOC (3).max
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COLUMBIA ANATYTICAL SERVICES, INC.

RESULTS OF ANALYSIS

Page 2 of 2
Client: Emcon/OWT
Client Sample ID: MW-5 CAS Project ID: P2302029
Client Project ID: Horn Rapids LF/810835 02000300 CAS Sample ID: P2302029-002
Test Code: Modified EPA TO-15 Date Collected: 9/18/03
Instrument ID: Tekmar AUTOCAN/HP5973/HP6890/MS3 Date Received: 9/23/03
Analyst: Svetlana Walsh Date(s) Analyzed: 9/29 - 9/30/03
Sampling Media: Summa Canister Volume(s) Analyzed: 0.10 Liter(s)
Test Notes: 0.0020 Liter(s)
Container ID: SC00567
Pil= -0.4 Pfl1= 35
DF. =127
CAS # Compound Result MRL Result MRL Data
pg/m? pg/m? ppbV ppbV Qualifier

75-27-4 Bromodichloromethane ND 13 ND 1.9

79-01-6 Trichloroethene 630 13 120 . 2.4

1006i-01-5 cis-1,3-Dichloropropene ND 13 ND 2.8

108-10-1 4-Methyl-2-pentanone ND 13 ND 3.1

10061-02-6 trans-1,3-Dichloropropene ND 13 ND 2.8

79-00-5 1,1,2-Trichloroethane ND 13 ND 2.3

108-88-3 Toluene ND 13 ND 34

591-78-6 2-Hexanone ND 13 ND 31

124-48-1 Dibromochloromethane ND 13 ND 1.5

106-93-4 1,2-Dibromoethane ND 13 ND 1.7

127-18-4 Tetrachloroethene 1,000 13 150 1.9

108-90-7 Chlorobenzene ND 13 ND 2.8

100-41-4 Ethylbenzene ND 13 ND 2.9

136777-61-2 m,p -Xylenes ND 13 ND 2.9

75-25-2 Bromoform ND 13 ND 1.2

100-42-5 Styrene ND 13 ND 3.0

95-47-6 o-Xylene ND 13 ND 2.9

79-34-5 1,1,2,2-Tetrachloroethane ND 13 ND 1.9

541-73-1 1,3-Dichlorobenzene ND 13 ND 2.1

106-46-7 1,4-Dichlorobenzene ND 13 ND 2.1

95-50-1 1,2-Dichlorobenzene ND 13 ND 2.1

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.

02029VOA RDI - Sample (2)

Verified By:

DOC (3).max
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COLUMBIA ANALYTICAL SERVICES, INC.

RESULTS OF ANALYSIS

Page 1 of 2

Client: Emcon/OWT
Client Sample ID: MW-6 CAS Project ID: P2302029
Client Project ID:  Horn Rapids LF/810835 02000300 CAS Sample TN P23072029-003
Test Code: Modified EPA TO-15 Date Collected: 9/18/03
Instrument ID: Tekmar AUTOCAN/HP5973/HP6890/MS3 Date Reccived: 9/23/03
Analyst: Svetlana Walsh Date(s) Analyzed: 9/30/03
Sampling Media: Summa Canister Volume(s) Analyzed: 1.00 Liter(s)
Test Notes:
Container ID: SC00051
Pil= -8.6 Pf1= 35
DF. =298
CAS # Compound Result MRL Result MRL Data
pg/m’® pg/m? ppbV ppbV Qualifier
74-87-3 Chloromethane 6.3 3.0 3.1 14
75-01-4 Vinyl Chloride 120 3.0 47 1.2
74-83-9 Bromomethane ND 3.0 ND 0.77
75-00-3 Chloroethane 230 3.0 86 1.1
67-64-1 Acetone 220 15 91 6.3
75-69-4 Trichlorofluoromethane 4.1 3.0 0.74 0.53
75-35-4 1,1-Dichloroethene 23 3.0 5.7 075
75-09-2 Methylene chloride 14 3.0 4.1 0.86
76-13-1 Trichlorotrifluoroethane ND 3.0 ND 0.39
75-15-0 Carbon Disulfide 140 3.0 44 0.96
156-60-5 trans-1,2-Dichloroethene 20 3.0 5.0 0.75
75-34-3 1,1-Dichloroethane 170 3.0 42 0.74
1634-04-4 Methyl tert-Butyl Ether ND 3.0 ND 0.83
108-05-4 Vinyl Acetate ND 3.0 ND 0.85
78-93-3 2-Butanone (MEK) 31 3.0 10 1.0
156-59-2 cis-1,2-Dichloroethene 190 3.0 48 0.75
67-66-3 Chlorotorm ND 3.0 ND 0.61
107-06-2 1,2-Dichloroethane ND 3.0 ND 0.74
71-55-6 1,1,1-Trichloroethane ND 3.0 ND 0.55
71-43-2 Benzene 14 3.0 4.4 0.93
56-23-5 Carbon Tetrachloride ND 3.0 ND 0.47
78-87-5 1,2-Dichloropropane ND 3.0 ND 0.65

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.

02029VOA RD1 - Sample (3)

Verified By:

DOC (3).max
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COLUMBIA ANALYTICAL SERVICES, INC.

Page 2 af 2

RESULTS OF ANALYSIS

Client: Emcon/OWT
Client Sample ID: MW-6 CAS Project ID: P2302029
Client Project ID: Horn Rapids LF/810835 02000300 CAS Sample ID: P2302029-003
Test Code: Modified EPA TO-15 Date Collected: 9/18/03
Instrument ID: Tekmar AUTOCAN/HP5973/HP6890/MS3 Date Received: 9/23/03
Analyst: Svetlana Walsh Date(s) Analyzed: 9/30/03
Sampling Media: Summa Canister Volume(s) Analyzed: 1.00 Liter(s)
Test Notes:
Container ID: SC00051
Pil= 8.6 Pf1= 35
D.F. =298
CAS # Compound Result MRL Result MRL Data
pg/m? png/m? ppbV ppbV Qualifier
75-27-4 Bromodichloromethane ND 3.0 ND 0.44
79-01-6 Trichloroethene 68 3.0 13 0.55
10061-01-5 cis-1,3-Dichloropropene ND 3.0 ND 0.66
108-10-1 4-Methyl-2-pentanone ND 3.0 ND 0.73
10061-02-6 trans-1,3-Dichloropropene ND 3.0 ND 0.66
79-00-5 1,1,2-Trichloroethane ND 3.0 ND 0.55
108-88-3 Toluene 33 3.0 8.9 0.79
591-78-6 2-Hexanone ND 3.0 ND 0.73
124-48-1 Dibromochloromethane ND 3.0 ND 0.35
106-93-4 1,2-Dibromoethane ND 3.0 ND 0.39
127-18-4 Tetrachloroethene 59 3.0 8.7 0.44
108-90-7 Chlorobenzene ND 3.0 ND 0.65
100-41-4 Ethylbenzene ND 3.0 ND 0.69
136777-61-2 m,p -Xylenes 6.8 3.0 1.6 0.69
75-25-2 Bromoform ND 3.0 ND 0.29
100-42-5 Styrene ND 3.0 ND 0.70
95-47-6 0-Xylene ND 3.0 ND 0.69
79-34-5 1.1,2,2-Tetrachloroethane ND 3.0 ND 0.43
541-73-1 1,3-Dichlorobenzene ND 3.0 ND 0.50
106-46-7 1,4-Dichlorobenzene ND 3.0 ND 0.50
95-50-1 1,2-Dichlorobenzene ND 3.0 ND 0.50

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.

02029VOA RD1 - Sample (3)

Verified By:

DOC (3).max

R
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COLUMBIA ANALYTICAL SERVICES, INC.

RESULTS OF ANALYSIS

Page I of 2
Client: Emcon/OWT
Client Sample ID: MW-7 CAS Project ID: P2302029
Client Project ID:  Horn Rapids LF/810835 02000300 CAS Sample TD: P2302029.004
Test Code: Modified EPA TO-15 Date Collected: 9/18/03
Instrument ID: Tekmar AUTOCAN/HPS973/HP6R90/MS3 Date Reccived: 9/23/03
Analyst: Svetlana Walsh Date(s) Analyzed: 9/29/03
Sampling Media: Summa Canister Volume(s) Analyzed: 0.010 Liter(s)
Test Notes:
Container 1D: SC00343
Pil= -1.4 Pfl= 35
D.F. = 137
CAS# Compound Result MRL Result MRL Data
pg/m? pg/m? ppbVv ppbV Qualifier
74-87-3 Chloromethane ND 140 ND 66
75-01-4 Vinyl Chloride 470 140 190 54
74-83-9 Bromomethane ND 140 ND 35
75-00-3 Chloroethane 1,100 140 420 52
67-64-1 Acetone ND 690 ND 290
75-69-4 Trichlorofluoromethane 4,100 140 720 24
75-35-4 1,1-Dichloroethene 180 140 45 35
75-09-2 Methylene chloride 1,300 140 360 39
76-13-1 Trichlorotrifluoroethane 340 140 44 18
75-15-0 Carbon Disulfide ND 140 ND 44
156-60-5 trans-1,2-Dichloroethene 200 140 52 35
75-34-3 1,1-Dichloroethane 970 140 240 34
1634-04-4 Methyl tert-Butyl Ether ND 140 ND 38
108-05-4 Vinyl Acetate ND 140 ND 39
78-93-3 2-Butanone (MEK) ND 140 ND 46
156-59-2 cis-1,2-Dichloroethene 4,300 140 1,100 35
67-66-3 Chloroform ND 140 ND 28
107-06-2 1,2-Dichloroethane ND 140 ND 34
71-55-6 1,1,1-Trichloroethane 580 140 110 25
71-43-2 Benzene 220 140 68 43
56-23-5 Carbon Tetrachloride ND 140 ND 22
78-87-5 1,2-Dichloropropane ND 140 ND 30

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.
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COLUMBIA ANALYTICAL SERVICES, INC.

RESULTS OF ANALYSIS

Page 2 of 2
Client: Emcon/OWT
Client Sample ID: MW-7 CAS Project ID: P2302029
Clieut Project ID:  Horn Rapids LF/810835 02000300 CAS Sample ID: P2302029-004
Test Code: Modified EPA TO-15 Date Collected: 9/18/03
Instrument ID: Tekmar AUTOCAN/HP5973/HP6890/MS3 Date Received: 9/23/03
Analyst: Svetlana Walsh Date(s) Analyzed: 9/29/03
Sampling Media: Summa Canister Volume(s) Analyzed: 0.010 Liter(s)
Test Notes:
Container ID: SC00343
Pil= -14 Pfi= 3.5
DF. =137
CAS # Compound Result MRL Result MRL Data
pg/m? pg/m? ppbV ppbV Qualifier
75-27-4 Bromodichloromethane ND 140 ND 20
79-01-6 Trichloroethene 1,200 140 220 26
10061-01-5 cis-1,3-Dichloropropene ND 140 ND 30 ]
108-10-1 4-Methyl-2-pentanone ND 140 ND 33
10061-02-6 trans-1,3-Dichloropropene ND 140 ND 30
79-00-5 1,1,2-Trichloroethane ND 140 ND 25
108-88-3 Toluene ND 140 ND 36
591-78-6 2-Hexanone ND 140 ND 33
124-48-1 Dibromochloromethane ND 140 ND 16
106-93-4 1,2-Dibromoethane ND 140 ND 18
127-18-4 Tetrachloroethene 8,500 140 1,300 20
108-90-7 Chlorobenzene ND 140 ND 30
100-41-4 Ethylbenzene ND 140 ND 32
136777-61-2 m,p -Xylenes ND 140 ND 32
75-25-2 Bromaform ND 140 ND 13
100-42-5 Styrene ND 140 ND 32
95-47-6 o0-Xylene ND 140 ND 32
79-34-5 1.1,2,2-Tetrachloroethane ND 140 ND 20
541-73-1 1,3-Dichlorobenzene ND 140 ND 23
106-46-7 1,4-Dichlorobenzene ND 140 ND 23
95-50-1 1,2-Dichlorobenzene ND 140 ND 23

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.

MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.

02029VOA RDI - Sample (4)

Verified By: \Q,(f

DOC (3).max
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COLUMBIA ANALYTICAL SERVICES, INC.

RESULTS OF ANALYSIS
Page 1 of 2
Client: Emcon/OWT
Client Sample ID: Method Blank CAS Project ID: P2302029
Client Project ID: Horn Rapids LF/810835 02000300 CAS Sample ID: P020029-MB
Test Code: Modified EPA TO-15 Date Collected: NA
Instrument ID: Tekmar AUTOCAN/HP5973/HP6890/MS3 Date Received. NA
Analyst: Svetlana Walsh Date(s) Analyzed: 9/29/03
Sampling Media: Summa Canister Volume(s) Analyzed: 1.00 Liter(s)
Test Notes:
D.F.= 1.00
CAS # Compound Result MRL Result MRL Data
pg/m* pg/m? ppbV ppbV Qualifier
74-87-3 Chloromethane ND 1.0 ND 0.48
75-01-4 Vinyl Chloride ND 1.0 ND 0.39
74-83-9 Bromomethane ND 1.0 ND 0.26
75-00-3 Chloroethane ND 1.0 ND 0.38
67-64-1 | Acetone ND 5.0 ND 2.1
75-69-4 Trichlorofluoromethane ND 1.0 ND 0.18
75-35-4 1,1-Dichloroethene ND 1.0 ND 0.25
75-09-2 Methylene chloride ND 1.0 ND 0.29
76-13-1 Trichlorotrifluoroethane ND 1.0 ND 0.13
75-15-0 Carbon Disulfide ND 1.0 ND 0.32
156-60-5 trans-1,2-Dichloroethene ND 1.0 ND 0.25
75-34-3 1,1-Dichloroethane ND 1.0 ND 0.25
1634-04-4 Methyl tert-Butyl Ether ND 1.0 ND 0.28
108-05-4 Vinyl Acetate ND 1.0 ND 0.28
78-93-3 2-Butanone (MEK) ND 1.0 ND 0.34
156-59-2 cis-1,2-Dichloroethene ND 1.0 ND 0.25
67-66-3 Chloroform ND 1.0 ND 0.20
107-06-2 1,2-Dichloroethane ND 1.0 ND 0.25
71-55-6 1,1,1-Trichloroethane ND 1.0 ND 0.18
71-43-2 Benzene ND 1.0 ND 0.31
56-23-5 Carbon Tetrachloride ND 1.0 ND 0.16
78-87-5 1,2-Dichloropropane ND 1.0 ND 0.22

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.
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COLUMBIA ANALYTICAL SERVICES, INC.

RESULTS OF ANALY SIS

Page 2 of 2
Client: Emcon/OWT
Client Sample ID:  Method Blank CAS Project ID: P2302029
Client Project ID:  Horn Rapids LF/810835 02000300 CAS Sample ID: P030929-MB
Test Code: Modified EPA TO-15 Date Collected: NA
Instrument ID: Tekmar AUTOCAN/HP5973/HP6890/MS3 Date Received: NA
Analyst: Svetlana Walsh Date(s) Analyzed: 9/29/03
Sawpling Media: Summa Canister Volume(s) Analyzed: 1.00 Liter(s)
Test Notes:
D.E. = 1.00
CAS # Compound Result MRL Result MRL Data
pg/m’ ug/m? ppbV ppbV Qualifier
75-27-4 Bromodichloromethane ND 1.0 ND 0.15
79-01-6 Trichloroethene ND 1.0 ND 0.19
10061-01-5 Cis-1,3-Dichloropropene ND 1.0 ND 0.22
108-10-1 4-Methyl-2-pentanone ND 1.0 ND 0.24
10061-02-6 trans-1,3-Dichloropropene ND 1.0 ND 0.22
79-00-5 1,1,2-Trichloroethane ND 1.0 ND 0.18
108-88-3 Toluene ND 1.0 ND 0.27
591-78-6 2-Hexanone ND 1.0 ND 0.24
124-48-1 Dibromochloromethane ND 1.0 ND 0.12
106-93-4 1,2-Dibromoethane ND 1.0 ND 0.13
127-18-4 Tetrachloroethene ND 1.0 ND 0.15
108-90-7 Chlorobenzene ND 1.0 ND 0.22
100-41-4 Ethylbenzene ND 1.0 ND 0.23
136777-61-2 m,p -Xylenes ND 1.0 ND 0.23
75-25-2 Rromoform ND 1.0 ND 0.097
100-42-5 Styrene ND 1.0 ND 0.23
95-47-6 o-Xylene ND 1.0 ND 0.23
79-34-5 1,1,2,2-Tetrachloroethane ND 1.0 ND 0.15
541-73-1 1,3-Dichlorobenzene ND 1.0 ND 0.17
106-46-7 1,4-Dichlorobenzene ND 1.0 ND 0.17
95-50-1 1,2-Dichlorobenzene ND 1.0 ND 0.17

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.
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Columbia Analytical Services, Inc.
Sample Acceptance Check Form

Client: Emcon/OWT Work order: P2302029
Project: Homn Rapids LF/810835 02000300

Note: Tt

Sample(s) received on:  9/23/03 Date opened: 9/23/03 by:

SM

his form is used for all samples received by CAS. The use of this form for custody seals is strictly meant to indicate presence/absence and not as an indication of

compliance or nonconformity. Thermal preservation and pH will only he evaluated either at the requect of the client or ag required by the method/SOP.

0 I N L A W R

10

11

P2302029-001

Were custody seals on outside of cooler/Box?

Location of seal(s)? Sealing Lid?

Were signature and date included?
Were seals intact?
Were custody seals on outside of sample container?
Location of seal(s)? Sealing Lid?

Were signature and date included?
Were seals intact?
Were sample containers properly marked with client sample ID?
Did sample containers arrive in good condition?
Were chain-of-custody papers used and filled out?
Did sample container labels and/or tags agree with custody papers?
Was sample volume reccived adequate for analysis?
Are samples within specified holding times?
Was proper temperature (thermal preservation) of cooler at receipt adhered to?
Cooler Temperature NA °C
Blank Temperature NA °C
Is pH (acid) preservation necessary, according to method/SOP or Client specified information?

Is there a client indication that the submutted samples are pH (acid) preserved?
Were VOA vials checked for presence/absence of air bubbles?
Does the client/method/SOP require that the analyst check the sample pH and if necessary alter it?
Tubes: Are the tubes capped and intact?
Do they contain moisture?
Badges: Are the badges properly capped and intact?
Are dual bed badges separated and individually capped and intact?

Z
>

O000000O00ONOOOR<Z
NOOODOOOENNOREER O]

ORFNRERNOODOODOOOf

Ooonogocao
0 o I o
MENKXKKKDO

P2302029-002 NA
P2302029-003 NA
P2302029-004 NA

Explain any discrepancies: (include lab sample ID numbers):

19
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EMCON/OWT, Inc. QA/QC Review

Landfill Gas- RISK Phase 11 Discrete LFG Sampling Event
Horn Rapids Landfill

CAS Report #P2302029

Sample: GP-12, MW-5, MW-6, and MW-7 (Summa canisters).

Reviewed Date: 10/17/2003 (JTD)
Sample Date: 09/18/2003
Sample Received Date: 09/23/2003

Modified EPA Method 3C (Fixed gases)
Method Blank  All analytes ND.
Duplicates All RPDs within 10%.

EPA TO-15 (43 compound list)
Method Blank Al analytes ND.

Sample Volume

Adequate for analyzes.

Hold Times
All analytical holding times met.

Notes

The methane results for MW-5 and MW-6 reported by the lab were non-detect. However, the field data
recorded prior to sampling showed methane concentrations of 2.0% and 2.1% for MW-5 and MW-6,
respectively. On 10/14/2003 | called CAS (Kate Aguilera) to have them re-analyze the samples to confirm
their results. CAS re-analysis confirmed their original results (10/15/2003).

Data Validation
Upon final review of lab report #P2302029 for Horn Rapids Landfill, EMCON/OWT, Inc. finds the data to

be valid for its intended use (10/17/2003 JTD).

N:\Projects\Horn Rapids LandfilRLFG Data\HRL RIFS Pase 11 LFG QA-QC (P2302029).doc
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APPENDIX D

GEOCHEMICAL PLOTS: PIPER (TRILINEAR) AND STIFF
' DIAGRAMS
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Piper (Trilinear) Diagrams
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Horn Rapids Landfill: MW01

Ca Cl
Cations % meq/l Anions

| MWO1 2/22/1995 - 3/01/1995 _ Mwo1 12/10/1997 . MwWO1 11/08/2000 -12/05/2000 !
- MWO1 4/13/1995 . MWO1 2/24/1998 - MWO1 3/20/2001 - 4/10/2001
| MWOT1 7/19/1995 - 7/21/1995 | MWO01 5/18/1998 MWO01 7/25/2001

I MWO1 10/12/1995 | MWO1 8/10/1998 - MWO1 10/16/2001

| MWO1 12/27/1995  MWO1 10/21/1998 -11/16/1998 - MWO01 12/05/2001 -12/18/2001
I MWO1 3/13/1996 : MWO1 1/26/1999 L. MWO1 3/20/2002
I MWO1 5/30/1996 1 MWO1 5/12/1999 .- Mwo1 7/03/2002

- MWO1 8/15/1996 - 9/12/1996 . MWO1 10/05/1999 . MwoOo1 10/15/2002

MWO1 11/21/1996 L MWO1 12/21/1999 - 1/11/2000 L MWO1 12/17/2002 -12/31/2002

MWO01 2/27/1997 | MWO1 1/11/2000 - 2/08/2000 MWO1 3/26/2003
| MWO1 5/20/1997 I MWO1 5/16/2000 MWO1 6/11/2003

- MWO1 8/14/1997 I MWO1 8/30/2000

Prepared by: EMCON / OWT.Inc.

DOC (2).max




Horn Rapids Landfill; MW02

e

Ca Cl
Cations % meqg/l Anions

v MWO02 2/22/1995 - 3/01/1995 ¥ MWO02  12/10/1997 W MWO02  11/08/2000 -12/05/2000
¥ MWO02 4/13/1995 ¥ MWO02 2/24/1998 v MWO02 3/20/2001 - 4/10/2001
v MWO02 7/19/1995 - 7/21/1995 v MWO02 5/18/1998 v MWO02 7/25/2001

¥ MWO02  10/12/1995 v MWO02 8/10/1998 ¥ MWO02  10/16/2001

¥ MWO02 12/27/1995 2 MWO02 10/21/1998 -11/16/1998 ¥ MWO02 12/05/2001 -12/18/2001
¥ MWO02 3/13/1996 ¥ MWO02 1/26/1999 ¥ MWO02 3/20/2002

¥ MW02 5/30/1996 v MWO02 5/12/1999 ¥ MWO02 7/03/2002

¥ MWO02 8/15/1996 - 9/12/1996 W MWO02  10/05/1999 ¥ MWO02  10/15/2002

v MWO02  11/21/1996 W OMWO02  12/21/1999 - 1/11/2000 W MW02  12/17/2002 -12/31/2002
w MW02 2/27/1997 ¥ MWO02 1/11/2000 - 2/08/2000 ¥ MWO02 3/26/2003

“ MWO02 5/20/1997 ¥ MWO02 5/16/2000 % MWO02 6/11/2003

v MWO02 8/14/1997 v MWO02 8/30/2000

= 1 Prepared by: EMCON / OWT ,inc.

DOC (2).max




Horn Bapids Landfill: MW03

Ca Cl
Cations % meqg/l Anions

¢ MWQ3 2/22/1995 - 3/01/1995 = MWO03  12/10/1997 « MWO3  11/08/2000 -12/05/2000
= MWO3 4/13/1995 = MWO03 2/24/1998 = MWO3 3/20/2001 - 4/10/2001
¢« MWO3 7/19/1995 - 7/21/1995 = MWO3 5/18/1998 = MWO03 7/25/2001

= MWO03 10/12/1995 = MWO3 8/10/1998 = MWO03 10/16/2001

« MWO03  12/27/1995 ¢ MWO3  10/21/1998 -11/16/1998 = MWO3  12/05/2001 -12/18/2001
« MWOQ3 3/13/1996 = MWO03 1/26/1999 = MWO3 3/20/2002

= MWO03 5/30/1996 « MWO3 5/12/1989 = MWO03 7/03/2002

« MWO3 8/15/1996 - 9/12/1996 = MWO3 10/05/1999 = MWO03  10/15/2002

= MWO03  11/21/1996 « MWO03  12/21/1999 - 1/11/2000 + MWO03  12/17/2002 -12/31/2002
¢« MWo3 2/27/1997 s MWO03 1/11/2000 - 2/08/2000 + MW03 3/26/2003

« MWO03 5/20/1997 = MWO3 5/16/2000 « MWO3 6/11/2003

& MWO03 8/14/1997 = MWO03 8/30/2000

- 1 Prepared by: EMCON / OWT Inc.

DOC (2).max



Horn Bapids Landfill: MW05
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Ca Cl
Cations Yo mey/| Anions
» MWO05 5/18/1998 = MWO05 11/08/2000 -12/05/2000
© MWO05 6/30/1998 - 7/07/1998 © MWO05 3/20/2001 - 4/10/2001
% MWO05 8/10/1998 © MWO05 7/25/2001
< MWO05 10/21/1998 -11/16/1998 @ MWO05 10/16/2001
® MWO05 1/26/1999 @ MWO5  12/05/2001 -12/18/2001
@ MWO05 5/12/1999 @ MWO05 3/20/2002
= MWO05 10/05/1999 < MWO05 7/03/2002
* MWO05 12/21/1999 - 1/11/2000 + MWO05 10/15/2002
& MWO05 1/11/2000 - 2/08/2000 @ MW05  12/17/2002 -12/31/2002
> MWO05 5/16/2000 © MWO05 3/26/2003
= MWO05 8/30/2000 = MWO05 6/11/2003

DOC (2).max

Preparcd by: EMCON / OWT, Inc.




Horn Rapids Landfill: MWO06

Ca cl

Cations Yo meg/| Anions
= MWO06 5/18/1958 = MWG06  11/08/2000 -12/05/2000
= MWO06 6/30/1998 - 7/07/1998 = MWO6 3/20/2001 - 4/10/2001
= MWO06 8/10/1998 = MWO06 7/25/2001
= MWO06  10/21/1998 -11/16/1998 = MWO06  10/16/2001
+ MWO06 1/26/1999 = MWO06  12/05/2001 -12/18/2001
= MWO06 5/12/1999 = MWO06 3/20/2002
= MWO6  10/05/1999 + MWO06 7/03/2002
= MWO06  12/21/1999 - 1/11/2000 = MWO06  10/15/2002
= MWO086 1/11/2000 - 2/08/2000 = MWO06 12/17/2002 -12/31/2002
« MWO6 5/16/2000 = MWO06 3/26/2003
¢ MWOS 8/30/2000 = MWO6 6/11/2003
1 Prepared by: EMCON / OWT Inc.

DOC (2).max



Horn Rapids Landfill; MWO07
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A MWO7 3/20/2001 - 4/10/2001
A MWO07 7/25/2001
A MWO7  10/16/2001
/A MWO7  12/05/2001 -12/18/2001
& MWO7 7/03/2002
A MWO7 3/26/2003
b MWO7 6/11/2003

Prepared by: EMCON / OWT,Inc.
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Horn Rapids Landfili; MWO08

/

Ca Cl

Cations % meg/| Anions
> MWO08 3/20/2001 - 4/10/2001 = MWO08 3/26/2003
© MW08 7/25/2001 © MWO08 6/11/2003
« MW08  10/16/2001
@ MWO08  12/05/2001 -12/18/2001
¢« MWO8 3/20/2002
© MWO08 7/03/2002
* MWO08 10/15/2002
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APPENDIX E
TIME CONCENTRATION DIAGRAMS FOR SITE GROUNDWATER
AND LYSIMETER LIQUID SAMPLES ‘
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