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1 INTRODUCTION
The Merlin Landfill site is owned by the City of Grants Pass (City) and had operated
continuously since its inception as a municipal solid waste landfill until it ceased active
operations in December 2001. The City completed the last step in the Remedial
Investigation and Feasibility Study (RI/FS) process with submittal of the Final Focused
Feasibility Study - Merlin Landfill, Grants Pass, Oregon, in September 2004 (AAI, 2004).
The Feasibility Study recommended a cleanup strategy for the site, which the Oregon
Department of Environmental Quality (DEQ) approved in its December 17, 2004
administrative Record of Decision (ROD) for the Merlin Landfill (DEQ, 2004). The
requirements of the final remedy are detailed in the ROD, which was issued January 3,
2005, and in the Consent Order, as amended.
This Environmental Monitoring Plan (EMP) was developed to satisfy monitoring and
reporting requirements for DEQ’s Solid Waste Program (SWP) and Environmental
Cleanup Program (ECP) as set forth in the Consent Order. These requirements address
on-site and off-site groundwater compliance criteria, monitoring frequency and sampling
parameters, the number of wells sampled, and provisions for surface water and landfill
gas monitoring. The intent of the EMP is to establish a streamlined sampling program
that reflects the long-term nature of the monitoring program. Absent an actual threat to
human health or the environment, the EMP will be changed in the future primarily to
accommodate reductions in sampling frequency as the recommended remedial actions
(RRAs) are completed and the natural attenuation of the chemicals of concern (COCs)
occurs. This updated EMP revises sampling schedules and corresponding language in the
report text and tables that correspond with changes as recommended in the 2011 and 2012
annual reports (TC, 2012 and 2013).
Once the RRAs are completed and the natural attenuation of the COCs demonstrates that
the remedial work is complete (i.e., long-term groundwater monitoring related to the
cleanup is no longer necessary because contaminant concentrations are equal to or less
than their respective Risk-Based Cleanup Levels [RBCLs] or Remedial Action
Concentration Limits [RACLs] for at least two years), the Consent Order will terminate
under its own terms and the Solid Waste Closure Permit will continue to regulate landfill
activities and maintenance of the post-closure on-site facilities (i.e., the landfill cap or
landfill gas wells) until the DEQ determines that the post-closure care requirements have
been met.
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The primary goal of the EMP is to consolidate the elements of the long-term post-closure
site monitoring program into one document, and in so doing, link the ongoing monitoring
rationale with the practical steps needed to implement the program. Therefore, chapters
in the EMP are organized to:
•

Describe background information, site hydrogeology and water quality, and the
monitoring system.

•

Develop the monitoring rationale and identify site-specific indicator parameters.

•

Describe procedures for evaluating groundwater quality data with regard to
meeting the remedy performance objectives and conditions that would trigger
contingent actions.

•

Enumerate the reporting requirements under the SWP and ECP, and the criteria
for assessing whether the remedial action objectives have been met.

•

Describe sampling and analysis methods.

•

Provide quality assurance and quality control goals and requirements for field
sampling and for the analytical laboratory.
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2 BACKGROUND

2.1 Site Description
The Merlin Landfill is located in Josephine County, Oregon, (Section 27, Township 35S,
Range 6W, Willamette Meridian) at 1749 Merlin Road (the Site). Access to the Site is
from Interstate 5 via Exit 61, approximately 1.5 miles northwest of the I-5 interchange
and 1.7 miles southeast of the town of Merlin along the Merlin-Galice Road (Figure 2-1).
The footprint of the Merlin Landfill is located on 30 acres in the eastern half of the 316acre, City-owned property. The landfill is elongated in a north-south direction on a
formerly northwest-facing slope of the Louse Creek valley. The top of the landfill is
approximately at elevation 1,300 feet. The site is fenced along its north and east sides.
The southern and western property lines are within undisturbed forestland with no vehicle
or defined hiking trail access. On-site structures include an office, three storm water
detention ponds, and several paved and unpaved access roads. In 2000, the Solid Waste
Transfer Station and JO-GROTM co-composting facilities were constructed on the landfill
property. In 2001, the final geomembrane cover was constructed over the landfill and the
active gas flare facility was installed. The Site layout is shown on Figure 2-2.

2.2 Physical Setting
2.2.1 Topography and Climate
The topography of the landfill vicinity varies, generally comprised of underfit streams in
valleys surrounded by low-lying rounded hills. Elevation across the site ranges from
1,020 feet mean sea level (MSL) at Louse Creek to 1,300 feet MSL on the ridge
immediately south of the site (Figure 2-3).
The area receives an average of 31.2 inches of rainfall annually based on information
from the National Oceanic and Atmospheric Administration and the Western Regional
Climate Center.
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2.2.2 Hydrogeology
The aquifer is composed of two hydrostratigraphic units that are separated by a
transitional weathering zone (Figure 2-4). These two hydrostratigraphic units are referred
to as the weathered granodiorite and the unweathered granodiorite. The weathered
granodiorite portion of the aquifer is unconfined and behaves hydrogeologically as a
porous medium, although its lower portion is probably dominated by fracture flow.
Collectively, the two hydrostratigraphic units comprise the beneficial use aquifer (BUA).
In general, the weathered granodiorite produces higher quantities of water due to its
relatively higher permeability and greater effective porosity. The deeper unweathered
granodiorite produces groundwater if sufficient interconnected fractures are encountered.
The BUA is defined as the saturated weathered granodiorite and upper part of the
fractured granodiorite, which produces sufficient quantities of water to wells that can be
put to beneficial use. The BUA extends from the upper reaches of the landfill to the
south and northward into and across the Louse Creek valley. The unit thickens from
south to north with the greatest thickness in the Louse Creek valley.
Beneath the landfill groundwater generally flows south to north, from higher to lower
elevation, and locally mimics the topography (Figures 2-5 and 2-6). The depth to
groundwater in the vicinity of the landfill ranges from approximately 75 to 175 feet. The
depth to groundwater decreases as it approaches lower elevation and eventually
discharges into Louse Creek.
2.2.3

Surface Water

Two surface water drainages are found near the Site. An unnamed ephemeral (seasonal)
stream on the west side of the landfill flows to the north during the winter and spring.
Louse Creek, north of the landfill, is a perennial stream flowing to the northwest and
generally bisects the axis of the Louse Creek valley. The confluence of the ephemeral
stream and Louse Creek is approximately 1,700 feet northwest of the toe of the landfill.
During years of below-normal precipitation, Louse Creek is dry upstream of the landfill.
Louse Creek drains into Jumpoff Joe Creek, which ultimately drains to the Rogue River
seven miles west.
Rainwater is directed around the Site through a series of roadside ditches along the
maintenance roads and landfill perimeter ditches that convey water to three stormwater
detention basins on site. Water in the basins is allowed to settle after which it flows to
the ephemeral stream through controlled outlet structures.
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2.3 Water Quality
2.3.1 Groundwater
Contaminants from the landfill impact groundwater and are found in two distinct plumes
oriented parallel to the predominant structural fabric in the area (i.e., toward the northnortheast). In most areas around the landfill perimeter, the highest concentration of
contaminant compounds have been the halogenated VOCs (HVOCs):
cis-1,2dichloroethene (cis-1,2-DCE) and vinyl chloride; with tetrachloroethene (perchloroethene
or PCE) and trichloroethene (TCE) occurring at significantly lower concentrations. This
suggests that much of the production of cis-1,2-DCE and vinyl chloride occurred within
the landfill, and later migrated as landfill gas (or in leachate) under reducing
methanogenic conditions. Close in, nearest the landfill toe, and in the southeast portion
of the site, TCE and PCE concentrations have been essentially non-detect or at very low
concentrations throughout the groundwater monitoring history, while vinyl chloride has
been the primary VOC. In only one area, downgradient of the landfill toe, are the primary
constituents PCE and TCE with lesser amounts of cis-1,2-DCE and vinyl chloride,
respectively.
The northern plume originates beneath the landfill and extends north across Merlin Road
to the south side of Louse Creek. Within this area, concentrations are mostly declining
especially in the deeper granodiorite. The only chemical of potential concern (COPC)
that exceeds a Safe Drinking Water Act maximum contaminant level (MCL) for drinking
water in an offsite monitoring well is vinyl chloride. No domestic drinking water wells
have been impacted by the northern plume.
The eastern plume has migrated from the southeast margin of the landfill toward the
northeast. VOC concentrations in the east plume are higher in the weathered granodiorite
than in the granodiorite, and extend from the southern boundary of the landfill to
MW-18.88, where cis-1,2-DCE precedes the other VOCs. Data in this area suggest that
migration of landfill gas and subsequent partitioning to groundwater in the shallower
zone may be the primary VOC transport mechanism in the southeastern VOC
groundwater plume. This is especially true for vinyl chloride and cis-1,2-DCE, since
concentrations for TCE and PCE in this area have always been significantly lower or nondetect. The eastern plume continues to migrate to the north-northeast and may ultimately
reach the Louse Creek valley at attenuated concentrations. No domestic drinking water
wells have been impacted by the eastern plume.
Non-hazardous compounds, in particular chloride, iron, manganese, and total dissolved
solids (TDS) were also identified in groundwater at concentrations that exceed their
respective Safe Drinking Water Act secondary guidance levels.
The highest
concentrations of those inorganic constituents are closest to the landfill, and decrease
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with distance from the landfill. At wells near Louse Creek, concentrations of these
inorganic chemicals of concern (COCs) have attenuated to values below applicable
ecological screening criteria, indicating that the inorganic constituents in groundwater
discharges to surface water are unlikely to impair surface water quality and pose no threat
to ecological receptors.
2.3.2 Surface Water
Surface water in Louse Creek does not appear to be impacted by groundwater that
discharges to the creek. In some instances, it is possible that in the fall, the groundwater
actually dilutes the inorganic chemical concentrations in the surface water since the
concentrations of TDS and chloride are lower in the groundwater than in the creek.
Historically, only two, low-level detections of a VOC (1,1,1-trichloroethane [TCA]) have
been reported. These detections occurred in 1992 before the groundwater recovery
system operated at the site. No other VOCs have been detected in surface water.

W:\CGP\revEMP\CGP-EMPv051313.doc\et:1
CGP-001-002

Rev. 2, 5/13/13

2-4

3 MONITORING NETWORK
The water quality monitoring network has three components: (1) groundwater
monitoring wells, (2) domestic wells, and (3) surface water monitoring points. In
addition to water quality, landfill gas is monitored at probes surrounding the landfill, and
in buildings or structures near the landfill. A summary of the well construction, survey
information, and lithologic completion intervals is provided in Table 3-1.

3.1 Monitoring Wells
The groundwater monitoring wells were installed as part of the site investigation work
that began in 1989. Wells are completed in three hydrogeologic units: alluvium,
weathered granodiorite, and granodiorite. Eight locations have multiple wells completed
at different depths in the beneficial use aquifer. (Well nomenclature calls out the well
number and depth.) Currently there are 32 active groundwater wells monitoring two
primary areas of the site. One group monitors the northern plume, and extends from the
solid waste compliance boundary at the edge of waste fill to the north where wells along
south bank of Louse Creek delineate the limit of the northern plume. The other group of
wells monitors the southeast plume; these extend from the compliance boundary along
the southeast edge of fill in a northeasterly direction. In addition to downgradient
monitoring wells, several wells monitor groundwater in positions that are hydraulically
upgradient of the landfill.
Each actively sampled well is equipped with a dedicated bladder pump, and because of
the great depths, some employ packers to seal off the screened interval and thus reduce
the quantity of water and time required to purge the wells before sampling. Monitoring
locations are checked each sampling event for integrity and as needed, repairs to the
surface completion or downhole sampling equipment is performed. All wells shown in
Table 3-1 are functional and continue to actively monitor site conditions. Modifications
to the wells are reported at the time of refurbishing, or are documented in the annual
report.

3.2 Domestic Wells
Two domestic wells are currently sampled as part of protectiveness monitoring. Several
other domestic wells were part of the historical monitoring program, but, because of
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changes in property ownership or agreements with the City as the properties were
connected to the water supply line, they have been decommissioned or are classified as
inactive. Table 3-2 lists domestic wells that are a part of the monitoring program.

3.3 Recovery Wells
Recovery wells used as part of the groundwater pump and treat system were used to
collect water level measurements through April 2008. The wells were decommissioned
as part of remedy implementation in September 2008. A report that documented well
decommissioning activities was submitted to the DEQ in December 2008 (TC, 2008).

3.4 Surface Water
There are two surface water drainages located on or near the Site (see Figure 2-2). An
unnamed ephemeral (seasonal) stream flows in the winter and spring across the western
side of the landfill property. Louse Creek is a perennial stream draining the valley north
of the landfill. The confluence of the ephemeral stream and Louse Creek is
approximately 1,700 feet north of the toe of the landfill. During years of below-normal
precipitation, Louse Creek can be dry upstream of the landfill.
There are two surface water sampling locations along Louse Creek (LC-1 and LC-4) and
two sampling locations along the ephemeral stream (ES-1 and ES-3). Sample locations
LC-1 and ES-1 are the sample points upstream of the landfill. ES-3 is the downstream
sample above the confluence of the ephemeral stream and Louse Creek. LC-4 is the
downstream sample below the confluence of Louse Creek and the ephemeral stream.
When flowing, surface water sites are sampled semiannually in the spring and fall.

3.5 Landfill Gas Probes
The City routinely monitors seven landfill gas monitoring probes (GP-1 through GP-5,
RW-6 and MW-3P) around the perimeter of the landfill (Figure 2-3), in addition to the
interior of buildings and structures. Monitored parameters include lower explosive limit
(LEL), methane, and oxygen. Landfill gas (LFG) probes are monitored to:
•

Assess for subsurface migration of landfill gas away from the landfill,
especially at the property lines.

•

Assess the effectiveness and performance of gas migration control wells.
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Additional monitoring of the gas collection wells and flare to evaluate the efficiency of
the landfill gas recovery and control system is performed routinely by the City as part of
maintaining the LFG control system.
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4 MONITORING PROGRAM

4.1 Purpose
The groundwater and surface water monitoring program for the landfill has been in place
for over two decades and was originally included as part of the site characterization work
reported in the Phase III Hydrogeologic Assessment Report (EMCON, 1992) and the
Focused Remedial Investigation (FRI) for the Merlin Landfill (EMCON, 1999). The
program also satisfied groundwater monitoring requirements for an operating landfill
under the DEQ’s Solid Waste Program. Many wells have over twenty years of quarterly
to semi-annual sampling results that provide a substantial database for evaluating the
effects of site closure on groundwater quality.
This section assesses each aspect of the proposed post-closure groundwater monitoring
program in conjunction with the DEQ’s environmental cleanup and solid waste programs.
The specific objectives for the post-closure groundwater monitoring program are to:
•

Provide the data needed to assess performance of the final remedy in achieving
numeric cleanup goals.

•

Satisfy any Solid Waste Permit requirements for groundwater monitoring.

•

Assess groundwater quality with respect to aquifer restoration.

The following sections define the working aspect of the monitoring program and review
the rationale for the sampling program. The sampling program was developed by (1)
identifying a focused list of inorganic parameters that will be used to assess restoration of
water quality over the long-term and (2) defining a set of higher priority wells and
sampling frequency on the basis of past impacts. As groundwater quality improves,
monitoring parameters, sampling frequency, and number of wells sampled will be
adjusted.

4.2 Monitoring Parameters
The list of sampling parameters (shown in Table 4-1) is based on Attachment D to the
Consent Order and the DEQ-defined parameter groups from the Merlin Landfill’s Solid
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Waste Closure Permit (#159) issued June 30, 1998. Since the groups shown in the
Consent Order, as amended, form the basis of a typical landfill monitoring program, it
was used as the starting point in forming the post-closure program (modified groups will
also be retained for comprehensive split sampling events ). The approach to parameter
selection examined DEQ-parameter groups for redundancy and then identified six sitespecific inorganic parameters indicative of landfill-impacts to the aquifer.
4.2.1 DEQ Parameter Groups – Split Sampling Events
Table 4-1 shows the currently sampled parameter groups and the rationale for eliminating
specific compounds from each group. A summary of those recommendations follows.
Group 1 - Field Measured Parameters – No change
Group 2 - Indicator Parameters
•

Group 2A–Dissolved Constituents: eliminate carbonate because pH is less than
8.0 and alkalinity is comprised wholly of the bicarbonate ion.

•

Group 2B–Leachate Indicator Constituents: eliminate hardness because it is
redundant with calcium and magnesium; eliminate total alkalinity because it is
redundant with bicarbonate alkalinity; eliminate laboratory specific conductance
because it is redundant with the field-measured value and with TDS; only test
for total suspended solids (TSS) when sampling for total metals.

Group 3 – Critical Parameters
•

Group 3A–Trace Metals: no change. Wells are mostly nondetect to low in
concentration with the most frequently detected metal being barium. Much less
frequently detected (i.e., isolated occurrences) are lead, zinc, and silver. Test
only wells near the toe of the landfill. If these constituents are below
concentrations of concern at those locations, then there they are unlikely to
migrate downgradient because of their low mobility.

•

Group 3B–Volatile Organic Compounds: no change.

Group 4 – Assessment Monitoring Parameters – eliminate semi-VOCs because
none has been detected at the landfill except for 1,4-dichlorobenzene, which also is a
constituent on the VOC scan.
Surface Water Parameter Group –The DEQ surface water group of parameters
should be eliminated because they were mostly nondetect or did not provide consistent
indications of landfill impact. Specifically, DEQ’s surface water group of nutrients and
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bacteria were eliminated because the data did not show any consistent trends between
upstream and downstream locations and because there are other intervening sources that
could affect stream quality (e.g., bacteria from livestock and water fowl in ponds that
discharge to Louse Creek). Trace metals were eliminated because of their low frequency
of detection 1 and, because of low mobility in the subsurface, are not expected to migrate
from the landfill via groundwater discharge to surface water.
Routine surface water monitoring should include the suite of inorganic indicator
parameters identified for groundwater since these are the most mobile parameters and
could migrate to surface water (see Section 4.2.2).
Domestic Wells – Since domestic wells are not constructed with the purpose of
rigorous groundwater monitoring in mind (i.e., well construction with steel could affect
inorganic water quality), testing at those wells is focused on protectiveness (i.e., for
landfill chemicals of concern) and the aesthetic parameters of drinking water. The
parameters list therefore includes VOCs and an inorganic parameter group focused on
secondary drinking water standards.
4.2.2 Indicator Parameters
Six inorganic parameters (calcium, chloride, magnesium, manganese, bicarbonate, and
TDS) were selected because concentrations of these parameters are higher in wells at the
downgradient edge of the landfill waste (e.g., MW-4.83 or MW-5.98) than in background
wells. Comparison of average concentrations in MW-4.83 and MW-5.98 with
background wells are shown in Table 4-2. Indicator parameter selection criteria included:
•

Concentration contrast between impacted wells and background concentrations
of at least 5 times (i.e., a dilution attenuation factor [DAF] of 5 or higher).

•

Persistence in groundwater resulting in a low variability of concentration over
time (i.e., a standard deviation less than the average concentration).

•

High mobility through the aquifer, with little if any retardation (trace metals
were not selected as indicators because of low mobility).

Table 4-1 lists the selected indicator parameters and summarizes why they were either
selected or eliminated as indicators.

1

Barium was detected most frequently, both in upstream and downstream locations at equivalent
concentrations.
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4.3 Wells and Frequency
The post-closure sampling program is shown Tables 4-3 and 4-4. The parameter groups
listed in Table 4-3 show both long-term monitoring groups and split-sampling groups.
Table 4-4 list the monitoring locations and corresponding sampling frequency and
parameters.
4.3.1 Wells
The primary criterion for determining whether a well was included in the routine
sampling program emphasized the presence of VOCs, since VOCs were the primary
chemicals of concern and will be used to assess remedy performance. Therefore:
•

If VOCs were present at a given well during the past 5 years, it is included with
the routine post-closure monitoring group of wells to be sampled semi-annually.

•

If no historical (or repeatable) VOCs were detected, or, there were no detections
in the last 5 years, it will be sampled during the split sampling event only
(approximately every 3 years).

In addition, another group of wells downgradient of the landfill, but upgradient of
domestic wells and Louse Creek, were selected to add a level of protectiveness to the
monitoring program. Referred to as early warning wells, these wells define the northern
limit of the VOC plume and include MW-10.107/10.142 and MW-12.121/156. In
response to VOC detection at MW-12.156 in April 2006, these well pairs are being tested
quarterly until VOC concentrations have declined to below the method reporting limit
(MRL).
In the 2005 EMP, we proposed that several wells would not be routinely sampled, but
tested as part of split sampling events. These included background wells, which are
upgradient of landfill impacts, and two deep wells at the toe of the landfill (MW-4.161
and MW-5.151) that did not have detections of VOCs or inorganic impacts. Since then,
we have revised that schedule to eliminate water quality testing of those wells and two
others during split sampling events with the DEQ. The wells include upgradient
background wells (MW-15.110 and MW-19.160) and several wells, which because of
their hydrogeologic position or past groundwater quality record, represent water quality
unaffected by the landfill (MW-4.161, MW-5.151, MW-9.113, and MW-11.233). These
wells have low concentrations of inorganics as demonstrated by testing since 1990, and
few, isolated VOC detections, primarily of common laboratory contaminants (e.g.,
acetone and methylene chloride). VOCs have not been detected in any of these wells
since 2002. At this point in time, further testing provides little, if any, water quality data
useful to evaluate cleanup trends or protectiveness of groundwater domestic users.
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Two domestic wells are also tested routinely. If the residence is connected to the
municipal water supply line, the well will be dropped from the sampling program.
4.3.2 Surface Water
Past annual reports (M/E, 2003; TC, 2004, 2005) showed that surface water quality in
Louse Creek was not adversely affected by groundwater discharge from the landfill.
Further, since shutting down the groundwater treatment system and eliminating discharge
to the ephemeral stream, water quality at the downstream sampling points (ES-3 and
LC-4) has greatly improved. Since Louse Creek does not currently show adverse impacts
from the landfill, monitoring concentrates on verifying that water quality passing the
landfill maintains similar quality between the upstream and downstream locations.
Monitoring stations, therefore, include upstream and downstream locations on both the
ephemeral stream (ES-1 and ES-2) and Louse Creek (LC-1 and LC-4).
4.3.3 Frequency and Schedule
Groundwater sampling frequency is semiannual at monitoring wells. The goal is to
monitor frequently enough to provide a reasonable assessment of protection of domestic
uses, and to demonstrate achievement of RBCLs. Semiannual sampling occurs in the
spring (April) and fall (October), which correspond to typical high- and low-groundwater
periods at the site. Comprehensive-group sampling will be scheduled with the DEQ to
occur once every three to five years, with the season to be specified by the DEQ (Table
4-4).
At domestic wells, the inorganic analytical suite is tested annually in the fall and VOCs
quarterly or until the residence is connected to the City water line and wells are taken offline. Surface water is tested for indicator compounds semiannually in the spring and fall.

4.4 Notification of Sampling Event
The City will notify the DEQ of upcoming sampling events at least ten working days
before the scheduled date of the sampling event. The notification will be addressed to the
current project manager at DEQ’s Western Region office in Eugene. Alternatively, the
City can notify the DEQ’s current project manager of the sampling event via email.

4.5 Water Quality Sampling and Analysis Procedures
Water will be sampled consistent with procedures described in the site sampling and
analysis plan (SAP), attached as Appendix A. Procedures are based on standard U.S.
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Environmental Protection Agency methods and DEQ guidance, and as appropriate,
incorporates procedures from past sampling manuals for the site (EMCON, 1990 and
1996). The SAP is designed to provide consistent, representative, and reproducible
sample results.
Water quality samples will be tested for the parameters and constituents shown in
Tables 4-3 and 4-4. To reduce the effects of ambient atmospheric conditions on pH,
temperature, specific conductance, dissolved oxygen, and redox potential (Eh),
measurements for those parameters will be taken in the field at the time of sample
collection. Samples will be analyzed by Neilson Research Corporation of Medford,
Oregon, or another qualified analytical laboratory. Analytical procedures and quality
assurance and quality control (QA/QC) measures for specific laboratories are available on
request.

4.6 Landfill Gas Probe Monitoring
The City monitors seven landfill gas monitoring probes around the perimeter of the
landfill (GP-1 through GP-5, RW-6 and MW-3P), in addition to the interior of nearby
buildings on a quarterly basis. Monitored parameters include lower explosive limit
(LEL), methane, or oxygen. Procedures for measuring LFG are described in Appendix B.
Because of possible effects of LFG migration on safety, results are evaluated at the time
of sampling. Criteria for assessing whether action is required are presented in
Section 5.3.
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5 DATA EVALUATION
The purpose of evaluating surface water and groundwater data at the Merlin landfill is to
assess the performance of the remedy in protecting potential receptors and in restoring
groundwater quality to below RBCLs and RACLs. In so doing, the remedy will achieve
the Remedial Action Objectives (RAOs) as defined in the ROD. More specifically, the
RAO for on-site is source control. This involves the following goals:
•

Prevent direct contract with landfill waste.

•

Reduce contaminant leaching to groundwater.

•

Control leachate seeps and surface water runoff.

•

Control and treat landfill gas.

Specific RAOs for the offsite Northern and Eastern Plume Operable Units are to:
•

Reduce the potential excess carcinogenic risk posed by direct domestic use of
VOC contaminated groundwater to less than 1 in one million for a single
chemical and reduce the total combined excess risk to less than 1 in 100,000.

•

Prevent exposure of residents and workers to groundwater contaminated with
any landfill contaminants at concentrations exceeding RBCLs.

With respect to the source control goals, these are addressed through routine landfill
maintenance of the cover and landfill gas removal system as specified by post-closure
requirements of the Solid Waste Closure Permit. The northern and eastern plume RAOs
are addressed through engineering controls (such as installing a water line),
protectiveness monitoring, and defining the limits of VOC impacts with groundwater
monitoring.
This section describes the specific procedures for examining water quality data and
explains how the data is used to evaluate whether the VOC plume is attenuating or
whether any conditions have been met that might trigger a contingent action, such as
resampling or the need for additional engineering controls. The outcome of evaluating
the remedy performance will be to recommend modifications to the sampling program for
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the upcoming year and to keep the parties apprised of progress in meeting remedial action
objectives.

5.1 Evaluation of Groundwater Analytical Data
Groundwater monitoring data will be evaluated for evidence of significant change after
each sampling event. Significant change is defined as the continued detection of a
contaminant that indicates an increasing trend and expansion of the VOC plume at
perimeter locations, such as early warning wells. Before the data are evaluated, they will
be reviewed according to the procedures and quality controls outlined in the SAP
(Appendix A). Once the quality of the data has been verified, the data will be assessed
for protectiveness in early warning wells and in meeting cleanup goals as described
below.
5.1.1 Protectiveness Monitoring
The proposed monitoring program includes sampling at domestic wells that are currently
used for residential uses and at monitoring wells located between the domestic wells and
the landfill. This monitoring will continue until the residences served by the domestic
wells located within the locality of facility are connected to the City water line. At that
time, monitoring will be scaled back. Should a contaminant of concern be detected in a
domestic well at levels above an RBCL before connecting the residence to City water,
then the DEQ will be notified immediately and further action will be implemented.
Action could include resampling the well, providing alternate drinking water, or installing
a treatment unit for the residence.
Monitoring wells that will be used as an indication of plume expansion (referred to as
early warning wells) include the well sets along the south side of Louse Creek:
MW-10.107/10.142; MW-12.121/12.156; and MW-17.125. Should a contaminant of
concern be detected in one of these wells at a level above the RBCL, then the well will be
resampled as described in Section 5.2.1. Confirmation of a VOC above the RBCL could
initiate further action such as additional monitoring2 or assessing potential receptors.
Such action will be determined after conferring with the DEQ.
5.1.2 Cleanup Levels
Cleanup levels for the site were developed consistent with ECP and SWP guidance and
rules. For hazardous compounds, groundwater cleanup goals were established to achieve
2

As a note, well pairs MW-10 and MW-12 are currently sampled quarterly since detection of VOCs above
RBCLs in 2006.
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levels in groundwater that do not pose health risks to humans who use groundwater as a
domestic water source. Waterborne COPC concentrations at or below the RBCLs listed
below are not expected to pose unacceptable health risks to residents who use
groundwater for domestic purposes:
Risk-Based
Cleanup Level (µg/L)

Chemical
Benzene

0.61

1,2-DCA

0.20

1,2-DCP

0.26

Methylene chloride

6.27

PCE

1.43

TCE

2.52

Vinyl chloride

0.03

With regard to the SWP, regulations require attainment of RACLs for non-hazardous
substances (also referred to in Federal regulation as groundwater protection standards).
These need to be protective of human health or ecological receptors on the basis of
meeting either established limits (e.g., OAR 340-40, Table 3), or by a demonstration that
a higher concentration is also protective, OAR 340-040-0050(5). For the Merlin Landfill,
the DEQ determined that higher inorganic constituent concentrations than those set forth
in OAR 340-0040 Table 3 are considered to be protective of ecological receptors (and in
the case of TDS protective of aesthetic qualities) and were therefore established as
RACLs as for the Merlin Landfill:
Compound
Chloride
Iron
Manganese
Total dissolved solids (TDS)

Remedial Action
Concentration Limits (mg/L)
533
19.5
27
2,800

Groundwater monitoring data are reviewed and the trends evaluated on an annual basis to
document progress in achieving the cleanup levels listed above. Progress is measured
against cleanup estimates provided in the Feasibility Study; results of this review are
presented in the annual environmental monitoring report.
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As cleanup is achieved in different parts of the plume, this information will be used to
recalibrate the monitoring program so that recommendations can be made for future
sampling. Ultimately, as areas of the plume achieve their cleanup goals, the City will
recommend to discontinue monitoring in those areas.

5.2 Action Requirements
5.2.1 Verification Resampling
If the monitoring results indicate that a hazardous compound exceeds an RBCL at a early
warning well or domestic well, then the City will notify the DEQ within ten (10) working
days of receiving laboratory results and resample the affected well for the compound(s) in
a timely manner.
If resampling results confirm that an RBCL has been exceeded, then the City will notify
the DEQ and undertake further action as described below to protect receptors and to
assess the change in water quality. If resampling does not confirm the change, no further
action will be taken, and the results will be discussed in the next annual report.
5.2.2 Agency Notification
If, after resampling, the City determines that the change in groundwater quality cannot be
explained after reviewing the original laboratory data and QA/QC reports, then the DEQ
will be notified in writing (or by e-mail correspondence) of the change within 10 days of
receipt of the laboratory results. The notification will identify the compliance point and
associated parameter(s) and will explain the action being taken by the City to evaluate the
cause of the change or to protect potential receptors. In addition to those actions
described in Section 5.2.3, such action may be a demonstration by the City that (1) a
source other than the landfill caused the water quality variation, (2) the detection was an
artifact caused by an error in sampling, analysis, or statistical evaluation, or (3) the
detection was a natural variation in groundwater quality.
5.2.3 Contingent/Further Actions
Actions proposed in this section presume that the need to act results from a significant
change in groundwater monitoring data. A significant change as defined in Section 5.1 is
an increasing VOC trend at a perimeter location, such as an early warning well. The
implication of this change is that the VOC plume is expanding and could potentially
affect a groundwater receptor.
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The general approach to evaluating and assessing an action will follow a similar path. If
warranted, confirmatory data would be collected and evaluated by the City and DEQ
(e.g., verification resampling discussed above). The data will be reviewed in the context
of receptors and discussed with the DEQ. If implementing a contingent action is
supported, a workplan for implementation will be submitted to the DEQ. Any action
proposed will meet the RAOs and will be mutually acceptable to the DEQ and the City.
Details of contingency design and implementation would be included in a workplan, if
necessary.

5.3 Landfill Gas Probe Monitoring Assessment
Gas probes are monitored quarterly to determine whether LFG is migrating in the
subsurface away from the landfill. Control of LFG addresses the fourth RAO for source
control. Criteria for gas control compliance are defined in OAR 340-94-060(4) and in
guidelines originally established under the Resource Conservation and Recovery Act
(RCRA) of 1976. Under both OAR and RCRA, the following criteria apply:
•

Methane concentrations at the property boundary shall not exceed 5 percent by
volume, 100 percent of the lower explosive limit (LEL) for methane.

•

Methane concentrations inside buildings and structures on landfills shall not
exceed 25 percent of the LEL or 1.25 percent by volume.

Immediately following each monitoring session, data should be evaluated and the need
for corrective action determined according to the LFG monitoring plan in Appendix B.
For methane concentrations above 5 percent by volume or 100 percent of LEL, DEQ
notification and measures to mitigate any potentially dangerous conditions are required.
No action is required if monitoring results are below 5 percent by volume methane.
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6 REPORTING
The goal of reporting is to document performance of the remedy in meeting remedial
action objectives and to satisfy requirements as specified in the Solid Waste Closure
Permit. It is the City’s intent to use the Annual Environmental Monitoring Report
(AEMR) as the mechanism for evaluating performance of the remedy and assessing
progress in achieving concentration limits (Section 6.2). Further, the AEMR will be
used to modify the monitoring program as the plume retracts by recommending changes
in the number of wells sampled, their frequency, or number of parameters tested.
Ultimately, achievement of RBCLs consistent with regulations will be documented with
the AEMR.
Site wide reporting before 2005 was done on a quarterly basis. With the City in the postclosure monitoring phase of the work, primary water quality reporting is now done
annually with more limited-scope quarterly letter reports submitted for results from the
early warning wells. Monitoring data is evaluated after sampling and analysis results are
received from the laboratory as part of evaluating data trends.

6.1 Annual Environmental Monitoring Report
The annual report combines elements required by the Solid Waste Closure Permit with an
evaluation of remedy performance. In addition, the report includes recommendations to
adjust sampling and monitoring requirements. The permit calls for submitting the AEMR
before April 15th for data from the prior calendar year. Two copies are submitted to
DEQ's Eugene office including one paper and one in electronic Portable Document
Format (PDF) on compact disc. As appropriate, supporting materials (e.g., laboratory
reports) will be provided in PDF on compact disc to reduce the amount of paper.
With regard to the Solid Waste Permit, the annual report includes the following elements:
• A cover letter that
− Compares the analytical results with relevant monitoring standards.
− States whether or not federal or state standards were exceeded for the
relevant media.
− States whether or not a significant change in water quality occurred.
• An executive summary.

W:\CGP\revEMP\CGP-EMPv051313.doc\et:1
CGP-001-002

Rev. 2, 5/13/13

6-1

• Assessment of the status of the environmental monitoring network.
• Data analysis and evaluation, based on the following:
− Updated groundwater elevation information for each sampling event and
monitored unit, depicting piezometric water contours and estimating
groundwater flow velocities.
− Hydrographs for monitoring well clusters that indicate vertical components
of flow.
− Updated time-series plots for selected constituents of concern.
− Results of a major anion-cation balance for each groundwater monitoring
well that was sampled for major anions and cations (typically during split
sampling events).
− Summary of results of monitoring for the year, including a table that
identifies locations for which water quality standards were exceeded.
• Description of activities resulting from exceeding an RBCL at an early warning
well, such as resampling.
• Summary of sampling and analysis, field quality assurance and quality control
(QA/QC), and laboratory QA/QC techniques implemented during the year.
• Copies of applicable information, including field data, laboratory analytical
reports, and chain-of-custody reports; data are cross-referenced and labeled with
the designated field sampling location.
• Discussion of LFG monitoring results.
Evaluating the remedy performance involves assessing (1) the effect of remedial actions
on groundwater and surface water quality (i.e., assess progress of cleanup) and (2) the
protection of potential ecological and human health receptors. The intent of the report
focuses data evaluation on the following objectives:
•

Evaluate source control measures.

•

Evaluate stabilization and extent of the VOC plume.

•

Assess the removal rates based on concentration trends and achievement of
numeric cleanup goals.

•

Discuss results of protectiveness monitoring at domestic wells and at early
warning detection wells.

As contemplated in the RD/RA Work Plan, shorter-term aspects of remedy
implementation, such as the institutional and engineering controls, were completed within
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a year, and therefore reported separately to the DEQ (AAI, 2009). Remedial actions that
extend for a longer period, such as the natural attenuation of chemicals in groundwater,
are discussed in the AEMR.

6.2 Quarterly Data Reports
These reports began in August 2006 in response to VOC detections in early warning well
MW-12.156 (GP, 2006). Actions resulting from the VOC detections include quarterly
sampling for VOCs at early warning wells and reporting of the VOC results in a brief
letter report following the City's receipt and review of the data. The letter reports are
submitted following the first, second, and third calendar quarter events with the fourth
quarter results submitted as part of the annual report.

6.3 Criteria For Assessing Cleanup Goals
One of the objectives of the AEMR is to determine whether the remedy has achieved
numeric cleanup goals and therefore conclude that remedial work is complete. When that
happens, the requirements of the Consent Order will be fully satisfied and the Order will
terminate in accordance with its own terms and the Solid Waste Closure Permit will
continue to regulate landfill activities and maintenance of the post-closure on-site
facilities. The criteria for determining when the numeric cleanup goals are met is time
dependent, that is, there should be confidence that the groundwater monitoring data
reflect concentrations for the chemicals of concern that are consistently below RBCLs.
State cleanup rules do not refer to a time period in demonstrating that cleanup has been
achieved. Federal landfill regulations (Subtitle D) state that a remedy is completed when
constituents do not exceed groundwater protection standards for a period of three
consecutive years. However, the rule goes on to say that the Director of an approved state
may specify an alternative length of time in which to demonstrate cleanup
(§258.58(e)(2)). Considering this flexibility, the City will consult with the DEQ in
determining a suitable period for demonstrating that RBCLs have been achieved and that
the remedy is complete.
The AEMR evaluates projected cleanup times for wells on the basis of visually
examining water quality trends. This information is part of evaluating overall remedy
effectiveness and in meeting RAOs. In some cases, predicting cleanup times from visual
trends is not practical, and may not be appropriate for certain compounds (e.g., vinyl
chloride) until their parent VOCs have been suitably depleted. These instances will be
discussed as part of evaluating the data. .
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6.4 Recommendations to Monitoring Program
The suitability of the groundwater monitoring program is discussed in the annual reports.
This will include a review of wells sampled, sampling frequency, and parameters to be
tested. As the plume attenuates, sampling is adjusted to adequately characterize its
current horizontal and vertical extent. In addition to modifications to the sampling
program, the annual report will examine the usefulness of monitoring wells and
recommend decommissioning of wells no longer of use.
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7 OTHER MONITORING REQUIREMENTS

7.1 Stormwater Sampling
Stormwater from the Merlin Landfill property (including the transfer station and JOGROTM composting facility) is monitored under separate, general stormwater permits,
administered by the DEQ under the Federal NPDES program. Surface water samples are
collected four times a year from designated locations and tested for the set of parameters
listed in the 1200-Z permit. New permits with an expiration date of June 2017 were issued
to the City of Grants Pass for the JO-GROTM composting facility and to Grants Pass
Sanitation, Inc. for the Josephine County Recycling and Transfer Station in 2013. Annual
discharge monitoring reports are submitted to the DEQ water quality division by July 30 of
each year.

7.2 Air Quality
The landfill gas flare emissions are regulated under Air Containment Discharge Permit No.
17-0022-SI-01 with an expiration date of March 1, 2014.
The flare and landfill gas recovery well are monitored on at least a quarterly basis. Flare
gas flow and temperature are recorded, as well as startups and shutdowns, on a graphical
chart. Gas pressure, flow and methane concentration are also recorded for each gas
recovery well in an automated data base. An annual report of the flare operation is
prepared and submitted to the DEQ by each February 15th for the previous year.
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LIMITATIONS
The services described in this report were performed consistent with generally accepted
professional consulting principles and practices. No other warranty, express or implied,
is made. These services were performed consistent with our agreement with our client.
This report is solely for the use and information of our client unless otherwise noted. Any
reliance on this report by a third party is at such party's sole risk.
Opinions and recommendations contained in this report apply to conditions existing when
services were performed and are intended only for the client, purposes, locations, time
frames, and project parameters indicated. We are not responsible for the impacts of any
changes in environmental standards, practices, or regulations subsequent to performance
of services. We do not warrant the accuracy of information supplied by others, nor the
use of segregated portions of this report.
The purpose of a geologic/hydrogeologic study is to reasonably characterize existing site
conditions based on the geology/hydrogeology of the area. In performing such a study, it
is understood that a balance must be struck between a reasonable inquiry into the site
conditions and an exhaustive analysis of each conceivable environmental characteristic.
The following paragraphs discuss the assumptions and parameters under which such an
opinion is rendered.
No investigation is thorough enough to describe all geologic/ hydrogeologic conditions of
interest at a given site. If conditions have not been identified during the study, such a
finding should not therefore be construed as a guarantee of the absence of such conditions
at the site, but rather as the result of the services performed within the scope, limitations,
and cost of the work performed.
We are unable to report on or accurately predict events that may change the site
conditions after the described services are performed, whether occurring naturally or
caused by external forces. We assume no responsibility for conditions we were not
authorized to evaluate, or conditions not generally recognized as predictable when
services were performed.
Geologic/hydrogeologic conditions may exist at the site that cannot be identified solely by
visual observation. Where subsurface exploratory work was performed, our professional
opinions are based in part on interpretation of data from discrete sampling locations that
may not represent actual conditions at unsampled locations.
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TABLES

Table 3-1
Summary of Well Construction Data
Environmental Monitoring Plan
Merlin Landfill

Well
Name

Date
Installed

MW-1.120
MW-3.230
MW-4.83
MW-4.161
MW-5.78
MW-5.98
MW-5.151
MW-6.88
MW-7.97
MW-7.128
MW-7.192
MW-8.82
MW-8.118
MW-8.181
MW-9.83
MW-9.113
MW-10.107
MW-10.142
MW-11.233
MW-12.23
MW-12.121
MW-12.156
MW-13.181
MW-13.236
MW-14.105
MW-15.110
MW-17.125
MW-18.88
MW-19.160
MW-20.171
MW-21.111
MW-22.240

09/30/81
09/13/89
09/21/89
03/24/92
09/26/89
09/24/89
03/25/92
09/10/89
09/07/89
09/07/89
03/15/92
08/26/89
08/25/89
03/10/92
08/29/89
08/28/89
03/14/92
03/13/92
03/12/92
05/21/92
05/21/92
05/20/92
04/01/92
03/30/92
03/22/92
03/21/92
03/25/92
10/18/96
10/16/96
10/23/97
10/23/97
09/02/98

Total
Geologic
Depth
Unit
(feet bgs)
WG
WG
WG
G
WG
WG
G
G
WG
WG
G
WG
WG
G
WG
WG
WG
G
G
Qal
G
G
G
G
G
WG
WG
WG
G
WG
WG
G

120
276
83
161
78
111
151
110
97
128
192
82
118
181
83
112
107
160
242
23
131
161
181
236
121
132
125
102
186
400
350
240

Screen
Sand Pack
Interval
Interval
(feet bgs)
(feet bgs)
Monitoring Wells
90 - 120
90-120
195 - 225
190.5 - 230
72 - 82
70 - 83
150 - 160
146.6 - 161
66.5 - 76.5
64 - 78
87 - 97
85 - 98
139 - 149
135.1 - 151
76 - 86
74 - 88
85 - 95
82 - 97
116 - 126
112.6 - 128
178.6 - 188.6 174.8 - 192
71.1 - 81.1
67.7 - 81.5
108 - 118
106 - 118
170.3 - 180.3 167.8 - 181
72.5 - 82.5
68.6 - 83
102 - 112
100 - 112
88 - 103
85 - 107
124 - 139
121 - 142
199.9 - 229.9 195.2 - 232.8
18 - 23
15.8 - 23
98.2 - 118.2
95.8 - 120.6
144 - 154
141.9 - 156
163 - 178
157 - 181
218 - 233
214.8 - 236
83 - 103
79.8 - 105.2
88 - 108
85.3 - 110
65 - 125
65 - 125
60 - 85
55 - 88
126 - 156
120 - 160
140 - 170
137.8 - 171
80 - 110
77.5 - 110
218.5 - 238.5 215.5 - 240

Sand Pack
Interval
(feet msl)
968-938
1101.94-1062.44
1016.77-1003.77
937.31-922.91
1012.89-998.89
992.15-979.15
944.61-928.71
1009.62-995.62
953.30-938.30
922.43-907.03
862.44-845.24
1012.62-998.82
975.01-963.01
912.96-899.76
1012.87-998.47
982.03-970.03
942.06-920.06
907.36-886.36
1006.76-969.16
1001.10-993.90
919.78-894.98
874.41-860.31
1037.69-1013.69
979.36-958.16
1017.33-991.93
1048.86-1024.16
946.86-886.86
1047.20-1014.20
1021.50-981.50
987.69-954.49
1095.50-1063.00
1048.50-1024.00

Midpoint Reference
Sand Pack Elevation
(feet msl)
(TOC)
953.0
1082.2
1010.3
930.1
1005.9
985.7
936.7
1002.6
945.8
914.7
853.8
1005.7
969.0
906.4
1005.7
976.0
931.1
896.9
988.0
997.5
907.4
867.4
1025.7
968.8
1004.3
1036.5
916.9
1030.7
1001.5
971.1
1079.3
1036.3

1060.00
1294.44
1090.77
1085.91
1078.89
1079.15
1081.71
1085.62
1037.30
1037.03
1039.24
1082.32
1083.01
1082.76
1083.47
1084.03
1029.06
1030.36
1203.96
1018.90
1017.58
1018.31
1196.69
1196.16
1099.13
1136.16
1013.86
1104.18
1143.51
1127.13
1170.90
1265.48

Ground
Elevation a
1058.00
1292.44
1086.77b
1083.91
1076.89
1077.15
1079.71
1083.62
1035.30
1035.03
1037.24
1080.32
1081.01
1080.76
1081.47
1082.03
1027.06
1028.36
1201.96
1016.90
1015.58
1016.31
1194.69
1194.16
1097.13
1134.16
1014.00
1102.20
1141.50
1125.49
1173.00
1264.00

Note: TOC=top of casing elevation; WG=weathered granodiorite; G=granodiorite; Qal=alluvium
a
Ground elevations are assumed to be 2.0 feet lower than surveyed TOC except for MW-18 through MW-22.240.
b
= ground surface based on original TOC of 1088.77
c
= Ground surface based on original TOC of 1278.84
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Table 3-2
Domestic Well Network
Environmental Monitoring Plan
Merlin Landfill
Monitored* Historic Database Well Name Current Property Owner
Christian (27-2)
Crisel
Casey (Well A)
Gibson
Cook (22-1)
Bohlin
Milne (27-1)
Milne
Meyer (27-5)
Meyer
X
Martin (27-3)
Ralston
McCormick
D&B MAC LLC
Pickett
City of Grants Pass
Logan
Logan
Wallace
City of Grants Pass
TerBest
City of Grants Pass
X
Wirtz
Wirtz
*Monitored as of April 2013.
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Status
Connected to City water.
Connected to City water.
Connected to City water.
Connected to City water.
Connected to City water.
Active, monitor until connected to City water.
Connected to City water.
Decommissioned
Decommissioned
Decommissioned
Decommissioned
Active, monitor until acceptable risk.
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Table 4-1
Parameter Selection Matrix
Environmental Monitoring Plan
Merlin Landfill
Parameter Group
Group 1: Field Measured Parameters
Depth to Water
pH
Temperature
Specific Conductance
Dissolved Oxygen
Group 2: Indicator Parameters
2A - Dissolved Constituents
Ammonia (NH3)
Bicarbonate (as CaCO3)
Calcium (Ca)
Carbonate (as CaCO3)
Chloride
Iron (Fe)
Magnesium (Mg)
Manganese (Mn)
Nitrate (NO3)
Potassium (K)
Silicon (Si)
Sodium (Na)
Sulfate (SO4)
2A - Leachate Indicator Constituents
Chemical oxygen demand (COD)
Hardness
Specific Conductance (lab)
Total alkalinity
Total dissolved solids (TDS)
Total organic carbon (TOC)
Total suspended solids (TSS)
Group 3: Critical Parameters
3A - Trace Metals
Arsenic (As)
Barium (Ba)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Lead (Pb)
Mercury (Hg)
Selenium (Se)
Silver (Ag)
Zinc (Zn)
3B - Volatile Organic Compounds

Units

feet
SU
6.5-8.5
°C
µmhos/cm
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
µmhos/cm
mg/L
mg/L
mg/L
mg/L

µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L

Group 4: Assessment Monitoring Parameters
Semi-volatile organic compounds
µg/L
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Drinking Water Eliminate Site Specific
Standard
Parameter Indicator

Comment

S

X
X
X
250
0.3

S
S

0.05
10

S
P

250

S

X
X
X

X
X
X
500

S

50
1,000
5
50
1,000
15
2
10
50
5,000

P
P
P
P
P
AL
P
P
P
S

X

Not detected in impacted wells
Elevated in impacted wells
Elevated in impacted wells
Eliminate-not present with pH<8.0
Elevated in impacted wells
High variability
Elevated in impacted wells
Elevated in impacted wells/reflects low O2
Mostly not detected
Low to not detected
Low concentration contrast
Low concentration contrast
Low in impacted wells
Not elevated in impacted SE wells
Eliminate-redundant with Ca and Mg
Eliminate-redundant with field conductance
Eliminate-redundant with bicarbonate
Elevated in impacted wells
Not elevated in impacted SE wells
Only sample when testing for total metals

Isolated detections in MW-4, -5, and -22.240
Most frequently detected; low conc. contrast

Isolated detections
Isolated detections, including background.
Isolated detections in MW-3, -4, and -5
Isolated detections
Isolated detections
Retain for COCs

X

None detected in wells (1,4-DCB is VOC);
eliminate from program.
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Table 4-1
Parameter Selection Matrix
Environmental Monitoring Plan
Merlin Landfill
Parameter Group
Units
Other Parameter Groups
Surface Water Parameters
Biological Oxygen Demand (BOD)
mg/L
Orthophosphate
mg/L
Total Phosphorus
mg/L
Total Kjeldahl Nitrogen (TKN)
mg/L
Total Halogenated Organics (TOX)
mg/L
Total Coliform Bacteria
org/100mls
Fecal Coliform Bacteria
org/100mls
Enterococcus Bacteria
org/100mls
Domestic Well-Site Specific Parameters
Bicarbonate
mg/L
Chloride
mg/L
Iron
mg/L
Hardness
mg/L
Nitrate
mg/L
Sulfate
mg/L
Total Dissolved Solids
mg/L

Drinking Water Eliminate
Standard
Parameter

Domestic
Indicator

X
X
X
X
X
X
X
X

250
0.3

S
S

10
250
500

P
S
S

Comment

Mostly nondetect
Inconsistent with US>DS
Nondetect last 2 years; inconsistent US>DS
Mostly nondetect
Inconsistent pattern; nondetect common
No stream input from landfill; other sources.
No stream input from landfill; other sources.
No stream input from landfill; other sources.
X
X
X
X
X
X
X

NOTE:
Drinking water standards provided for reference only.
S=secondary drinking water standard; P=primary drinking water standard; AL=primary action level.
US=upstream; DS=downstream.
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Table 4-2
Comparison of Parameter Concentrations in Impacted Wells
to Background Water Quality
Environmental Monitoring Plan
Merlin Landfill

Parameter

Background
WG
G

Contrast
MW-4.83 4.83/WG 4.83/G

Cl
HCO3
SO4

1.77
117
3.7

2.41
181
13.3

260
1005
0.61

146.9
8.6
0.2

107.9
5.6
0.0

Na
Ca
Fe
Mg
Mn
Ba
SiO2

9.6
22.4
0.027
6.15
0.03
0.052
20.6

15.5
34.8
0.018
9.6
0.3
0.039
9.5

28.3
284
0.091
103
6.713
0.108
23.5

2.9
12.7
3
16.7
224
2.1
1.1

1.8
8.2
5
10.7
22.4
2.8
2.5

TDS

147

191

1527

10.4

8.0

Parameter

Background
WG
G

Cl
HCO3
SO4

1.77
117
3.7

2.41
181
13.3

355
1185
0.97

200.6
10.1
0.3

147.3
6.5
0.1

Na
Ca
Fe
Mg
Mn
Ba
SiO2

9.6
22.4
0.027
6.15
0.03
0.052
20.6

15.5
34.8
0.018
9.6
0.3
0.039
9.5

26.7
325
12.18
127
0.08
0.13
30.7

2.8
14.5
451
20.7
3
2.5
1.5

1.7
9.3
677
13.2
0.3
3.3
3.2

TDS

147

191

1989

13.5

10.4

Contrast
MW-5.98 5.98/WG 5.98/G

DAF
>5
x
x

x
x
x

x
DAF
>5
x
x

x
x
x

x

Notes:
WG-weathered granodiorite; G-granodiorite
DAF-dilution attenuation factor=concentration in impacted well divided
by background concentrations.
All concentrations in milligrams per liter (mg/L).
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Table 4-3
Parameter List for Post-Closure Monitoring
Environmental Monitoring Plan
Merlin Landfill
Parameter Group
Long Term Monitoring Parameter Groups
Field Measured Parameters
Depth to Water
pH
Temperature
Specific Conductance
Dissolved Oxygen
Site Specific Indicator Parameters
Bicarbonate (as CaCO3)
Calcium (Ca)
Chloride
Magnesium (Mg)
Manganese (Mn)
Total Dissolved Solids (TDS)
Volatile Organic Compounds
Domestic Well Parameters
Bicarbonate (as CaCO3)
Chloride
Iron
Hardness
Nitrate/Nitrite
Sulfate
Total Dissolved Solids
DEQ Split Sampling Parameter Groups
Group 1: Field Measured Parameters
Depth to Water
pH
Temperature
Specific Conductance
Dissolved Oxygen
Group 2: Indicator Constituents
2A - Dissolved Constituents
Ammonia (NH3)
Bicarbonate (as CaCO3)
Calcium (Ca)
Chloride
Iron (Fe)
Magnesium (Mg)
Manganese (Mn)
Nitrate/Nitrite (NO3/NO2)
Potassium (K)
Silicon (Si)
Sodium (Na)
Sulfate (SO4)
2A - Leachate Indicator Constituents
Chemical Oxygen Demand (COD)
Total Dissolved Solids (TDS)
Total Organic Carbon (TOC)
Total Suspended Solids (TSS)
W\CGP\EMP\EMPtabls v2013\Tab4-3

Monitoring
Wells

Domestic
Wells

Surface
Water

X
X
X
X
X

X
X
X

X
X
X

X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
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Table 4-3
Parameter List for Post-Closure Monitoring
Environmental Monitoring Plan
Merlin Landfill
Monitoring Domestic
Parameter Group
Wells
Wells
Group 3: Critical Parameters
3A - Trace Metals (Total-unfiltered)*
Arsenic (As)
X
Barium (Ba)
X
Cadmium (Cd)
X
Chromium (Cr)
X
Copper (Cu)
X
Lead (Pb)
X
Selenium (Se)
X
Silver (Ag)
X
Zinc (Zn)
X
3B - Volatile Organic Compounds
X
* If TSS is greater than 100 mg/L, also test for filtered/dissolved metals.
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Surface
Water
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Table 4-4
Post-Closure Monitoring Program
Environmental Monitoring Plan
Merlin Landfill

Sample
Location
Monitoring Wells
MW-1.120
MW-3.230
MW-4.83
MW-4.161
MW-5.78
MW-5.98
MW-5.151
MW-6.88
MW-7.97
MW-7.128
MW-7.192
MW-8.82
MW-8.118
MW-8.181
MW-9.83
MW-9.113
MW-10.107
MW-10.142
MW-11.233
MW-12.23
MW-12.121
MW-12.156
MW-13.181
MW-13.236
MW-14.105
MW-15.110
MW-17.125
MW-18.88
MW-19.160
MW-20.171
MW-21.111
MW-22.240
Surface Water Sites
LC-1
LC-4
ES-1
ES-3
EMPtabls v2013\Tab4-4

Unit
WG
WG
WG
G
WG
WG
G
G
WG
WG
G
WG
WG
G
WG
WG
WG
G
G
Qal
G
G
G
G
G
WG
WG
WG
G
WG
WG
G

Long Term Monitoring
Site Specific
Volatile
Field
Indicator
Organic
Parameters
Parameters
Compounds
Not Sampled-WL
2, 4
2, 4
Not Sampled-WL
Not Sampled-WL
2, 4
Not Sampled-WL
2, 4
Not Sampled-WL
2, 4
2, 4
4
2, 4
2, 4
Not Sampled-WL
Not Sampled-WL
1, 2, 3, 4
1, 2, 3, 4
Not Sampled-WL
4
1, 2, 3, 4
1, 2, 3, 4
2, 4
2, 4
2, 4
Not Sampled-WL
2, 4
2, 4
Not Sampled-WL
2, 4
2, 4
2, 4
2, 4
2, 4
2, 4
2, 4

Split Sampling Parameter Groups
2B - Leachate
3A -Total
3B - Volatile
2A - Dissolved
Indicator
Trace
Organic
Constituents
Constituents
Metals
Compounds

2, 4
2, 4

2, 4
2, 4

X
X

X
X

X

X
X

2, 4

2, 4

X

X

X

X

2, 4

2, 4

X

X

X

2, 4
2, 4
2, 4
2, 4

2, 4
2, 4
4
2, 4
2, 4

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

2, 4

1, 2, 3, 4
1, 2, 3, 4

X
X

X
X

X
X

2, 4
2, 4

4
1, 2, 3, 4
1, 2, 3, 4
2, 4
2, 4
2, 4

X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X

2, 4
2, 4

2, 4
2, 4

X
X

X
X

X
X

2, 4
2, 4
2, 4

2, 4
2, 4
2, 4

X
X
X

X
X
X

X
X
X

2, 4
2, 4

2, 4
2, 4
2, 4
2, 4
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Table 4-4
Post-Closure Monitoring Program
Environmental Monitoring Plan
Merlin Landfill

Sample
Location
Domestic Wells a
Martin (27-3)
Wirtz

Unit

Long Term Monitoring
Site Specific
Volatile
Field
Indicator
Organic
Parameters
Parameters
Compounds
1, 2, 3, 4
1, 2, 3, 4

4b
4b

Split Sampling Parameter Groups
2B - Leachate
3A -Total
3B - Volatile
2A - Dissolved
Indicator
Trace
Organic
Constituents
Constituents
Metals
Compounds

1, 2, 3, 4
1, 2, 3, 4

Notes:
1=first quarter, 2=second quarter, 3=third quarter, 4=fourth quarter
WG=weathered granodiorite; G=granodiorite.
WL=water level collected.
a
Monitor until connected to City water line, then discontinue. Applies to all wells except Wirtz residence.
b
Domestic well parameters: bicarbonate, chloride, dissolved iron, hardness, nitrate, sulfate, TDS.
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1 INTRODUCTION
On behalf of the City of Grants Pass (City), TUPPAN CONSULTANTS LLC developed this
Sampling and Analysis Plan (SAP) to guide the collection of groundwater and surface
water samples at the Merlin Landfill in Josephine County, Oregon.
The SAP describes the standard operating procedures (SOPs) for conducting water
quality monitoring at the landfill. It has been designed to produce data of a known quality
by using adequate and consistent methods for sample collection, handling, and analysis.
Because water quality samples will be collected from several different types of locations
in the monitoring network, a variety of specialized methods must be used.
The intent of this SAP is to present acceptable sampling protocols and describe selected
equipment that will provide representative, systematic, and consistent groundwater
quality data, but not to rigidly define specific methods for specific locations in the
monitoring network. When new sampling methods (protocol, equipment, or procedures)
are identified, they may be incorporated into this SAP. They will be introduced in the
recommended changes section of the Annual Environmental Monitoring Report (AEMR)
and should be added to the SAP. Changes may also be implemented after the DEQ has
approved a specific change request.
This SAP will provide the following:
•

SOPs for sampling groundwater and surface water.

•

Sample handling procedures such as record keeping and documentation.

•

Analytical methods; bottling, preservation, and shipment procedures; holding
times; and detection limits.

•

Field quality assurance and quality control.

•

Laboratory quality assurance and quality control.
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2 GENERAL NOTES ON SAMPLING

2.1 Preparation
A presampling checklist is attached (in Exhibit A) and should be reviewed before
departing for the site.

2.2 Bottle Order
Order bottles at least three weeks in advance. Refer to Environmental Monitoring Plan
(EMP) Tables 4-3 and 4-4 for the parameters to be tested each event. The sample bottle
order form (Exhibit A) should be filled out and sent to:
Neilson Research Corporation
245 S. Grape Street
Medford, Oregon 97501
Phone: (541) 770-5678
Fax: (541) 770-2901

2.3 Agency Notification
The Oregon Department of Environmental Quality (DEQ) must be notified in writing or
by email correspondence of all sampling events at least ten days before the sampling
event (see EMP Section 4-4). The notification should be sent to the current project
manager at the DEQ’s Eugene office, who is:
Mr. Gene Wong
Oregon Department of Environmental Quality
165 East 7th Avenue, Suite 100
Eugene, Oregon 97401
Phone: (541) 686-7838, Ext. 262
Fax: (541) 686-7551
email: wong.gene@deq.state.or.us
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2.4 Site Map
A map of the Merlin Landfill and the surrounding areas showing the locations of all the
sampling sites is included as Figure 2-3 of the Merlin Landfill EMP.

2.5 Domestic Wells
Domestic well sampling may involve working with active drinking water wells located at
occupied residences. As such, sampling work should include:
•

Notifying owners one week before beginning sampling.

•

Care and proper handling of tools to ensure that no damage occurs to owner’s
wells or piping systems.

•

Proper routing of discharge water from wells, e.g., to storm drains, ditches, or
yards.

•

Securing vehicle(s) when sampling personnel are not present to prevent access
by children or other unauthorized persons.

•

Awareness of pets that may need to be secured when sampling is taking place.

•

Special care given to double checking the front, rear, and underneath vehicle(s)
for children playing, toys, etc., before backing out of driveways.

•

Protection and care to prevent damage to landscaping features.

Special conditions that may be pertinent to specific off-site wells should be recorded on
the field documentation forms (i.e., dogs, small children, landscaping) in the event
domestic wells are sampled by more than one City employee.
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3 STANDARD OPERATING PROCEDURES
Each SOP is intended for use by field personnel. When sampling conditions call for a
deviation from the SOP, the change will be recorded on the appropriate sampling
collection form or field notebook.

3.1 General Sampling Considerations
Sampling personnel will take reasonable care to limit the potential for cross
contamination. Samplers will wear new, clean, chemically resistant gloves when
handling downhole sampling equipment. The order of sample bottle filling will be
consistent with the method described in Section 3.12. During the purging and sampling
process, drawdown should be maintained above the screened interval. Drawdown into
the screened interval should be minimized because cascading water may enter the
monitoring well and affect constituent concentrations. In the case of those wells where
low-flow purging is employed, drawdown will be minimized to decrease the potential for
in-well disturbance and screen dewatering (EPA 1996a, 1996b).

3.2 Monitoring Point Inspection
The integrity of the well cap, lock, and protective casing of each well will be checked at
each sampling event. Each sampling point will be observed for unusual conditions,
identification, and location (i.e., where it is shown on the site map). Changes in the well
structure, lock, security, or other factors that could influence the access to or collection of
representative groundwater information, will be noted in the field record or water level
form. Corrective action will be taken as needed.

3.3 Water Level Measurements
Depth-to-water (groundwater elevation) will be measured in existing monitoring wells,
piezometers, and surface water locations using the procedures in this section. A complete
round of water levels from monitoring wells, recovery wells, and surface water sites
should be obtained on the first day of sampling before purging water from any well.
Water level measurements should be recorded on the form (attached in Exhibit A). The
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data will be used to estimate the horizontal groundwater flow direction and gradient at the
site.
•

The protective shroud installed over the monitoring well will be unlocked and
the well cap removed.

•

Water level will be measured with either an electrical or mechanical meter.

•

The water level indicator will be decontaminated before its use in each well to
reduce the potential for cross-contamination (see decontamination procedures in
Section 3.11.2).

•

Water levels will be recorded on the water level and field sampling forms (see
Exhibit A) to the nearest 0.01 foot. The full date (month, day, and year) and
time (by the 24-hour clock) of measurement will be recorded.

•

The water level will be measured by lowering the measuring device until
contact with the water is made. At the audible and/or visual response, pinch the
cable with forefinger and thumb against the reference point. Generally, the
reference is at the highest inside edge of the casing top or at the mark on the top
of the casing. Repeat the measurement again to verify accuracy.

•

Monitoring wells equipped with Well Wizard dedicated pumps have a hole in
the top of the well cap. Recovery wells are measured from the top of the 1.5inch PVC static pipe.

•

Care will be taken so that the water-level measuring device hangs freely in the
monitoring well and does not adhere to the wall of the well casing.

•

The groundwater elevation at each monitoring location will be calculated by
subtracting the measured distance to the top of the water column from the
reference elevation measuring point.

Surface water level measurements are collected at staff gauges located along Louse Creek
(at LC-4) and in the ephemeral stream (at ES-1 and ES-2). Staff gauges at the other
stream locations have been washed out over the years. Measurements are taken with an
engineer’s measuring tape from the top of each staff gauge to the water surface. LC-4 is
measured with an electronic water level probe from between the fourth and fifth concrete
railing support structure on the upstream side of the Carton Way bridge that crosses
Louse Creek. Count the supports as the bridge is crossed from north to south.
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3.4 Field Meter Operations
Generally field meters are the only equipment used in the field to quantify transient
conditions. The common field meters measure pH, Eh, specific conductivity, dissolved
oxygen, temperature, and turbidity. Other field meters may include the flame ionization
detector (FID), photoionization detector (PID), and combustible gas indicator (CGI).
3.4.1 Use
•

During well purging and sample collection from wells with dedicated bladder
pumps, field parameters are measured with an automated flow cell meter (QED
Model MP20 or equivalent). This instrument can simultaneously measure
temperature, pH, specific conductance, oxidation reduction potential (ORP),
and dissolved oxygen (DO). Water samples from wells with no dedicated
equipment or from surface water also can be measured with the suite of meters;
however, when doing so, the cell is not set in the flow-through mode. If
needed, or in the case of meter malfunction, water samples can be measured
with individual backup meters that measure pH-specific conductance and
temperature (with a thermometer).

•

Measurements will be recorded to the following standards: pH to ±0.01 units;
conductivity to +1 µmhos/cm; temperature to ±0.1°C; DO to ±0.2 mg/L; and
ORP to ±1 millivolt (mV).

•

The field meters will be operated in a manner consistent with the manufacturers'
recommendations. The manufacturers' instrument manuals will be available for
reference during sampling.

3.4.2 Calibration
•

Instruments will be calibrated daily against a known standard before they are
used. For those instruments that are not stabilizing consistently, a note will be
recorded on the field sampling sheet and calibration will also be checked at the
end of the day.

•

Instrument calibration standards will be prepared according to the instrument
manufacture's specifications.

•

Calibration procedures, dates, and times will be recorded on field sheets.

•

Field instruments will be appropriately maintained.
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3.5 Purging and Development Criteria
Monitoring wells will be purged before samples are collected. Wells with packers will be
purged a fixed volume, otherwise wells will be purged by either standard or low-flow
purging procedures. Table A-1 lists dedicated equipment in each well and provides notes
on purge volumes.
3.5.1 Standard Purging Procedures
For the standard procedure, purging will continue until at least 3 casing volumes have
been removed, until the field parameters have stabilized, or until the well has been purged
dry, whichever occurs first. One casing volume is defined as the amount contained
within the casing, from static water level to total depth (reported or sounded, whichever is
deeper). Three casing volumes (for a 2-inch diameter well) is calculated with the
following equation:
Casing volume (gal) = (depth of well – depth of water) x 0.163 gal/linear foot.
Wells with packers are purged a fixed amount as shown on Table A-1. Some of the
monitoring wells are expected to be evacuated to dryness after the removal of less than 3
casing volumes. These typically include: MW-4.161, MW-5.151, MW-11.233, and
MW-19.160. These low-yield wells will be allowed to recharge for up to 24 hours.
Samples will be taken as soon as the monitoring wells have recharged to a level sufficient
for sample collection. If an adequate volume of water has not recharged after 24 hours,
the monitoring well will be recorded as dry for the sampling event.
Well purging includes the following steps:
•

Field parameters will consist of pH, temperature (in Celsius), and specific
conductance. Dissolved oxygen or redox potential will be recorded as
appropriate with the last set of readings.

•

Initial field parameters will be recorded when purging begins.

•

Field parameters will be recorded on the field sampling data sheet (FSDS) (see
example in Exhibit A).

•

Field parameters will be measured at selected intervals during purging.
Sufficient measurements will be taken to document changes in the parameters.
The frequency and total number of measurements will depend on well
productivity. Generally, field parameters will be recorded after each well
volume is purged.
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•

Field parameters will be considered stable when consecutive measurements are
within ten (10) percent of each other.

3.5.2 Low Flow Purge Procedures
Low-flow refers to the velocity with which water enters the pump intake and that is
imparted to the formation pore water in the immediate vicinity of the well screen. It does
not necessarily refer to the flow rate of water discharged at the surface, which can be
affected by flow regulators or restrictions. Water level drawdown provides the best
indication of the stress imparted by a given flow-rate for a given hydrogeological
situation. The objective is to pump in a manner that minimizes stress (drawdown) to the
system to the extent practical. Typically, flow rates on the order of 100 to 500 milliliters
per minute are used. Performance criteria include achieving stabilization of common
water quality parameters measured with an in-line flow cell. These typically stabilize in
the following order: pH, temperature, specific conductance, redox, and DO. Current
studies show that specific conductance and DO are the most sensitive in indicating that
formation water is being sampled and thus water samples are representative of the aquifer
(QED, 2011). In addition, the U.S. Environmental Protection Agency (EPA) considers
minimized drawdown as a primary indication that water from the formation is being
sampled rather than the well casing being dewatered. Guidance on low-flow sampling
procedures is provided by EPA (1996a and 1996b).
At Merlin Landfill, wells MW-7.192, MW-8.181, MW-10.142, and MW-13.236 are
currently sampled using low-flow procedures. Other wells can be purged with this
method provided performance criteria (primarily stabilized water level and specific
conductance) are met. Low-flow sampling procedures are as follows:
•

Measure initial depth-to-water.

•

Connect compressor or nitrogen canister to flow regulator and tubing at well
head and begin purging. With dedicated bladder pumps, the rate of purging is
governed by the number of pump cycles per minute at a volume of 180-200
milliliters per cycle. The lowest setting is 2 cycles per minute with flow rates of
360 to 400 milliliters per minute (within the range specified by EPA).

•

Measure drawdown in well during purging. Minimal levels of drawdown
support the goal of minimizing stress on the aquifer to the extent practical and
are acceptable for site conditions.

•

Record field parameters pH, specific conductance, and temperature with flowthrough cell attached to discharge line. Each of these parameters should
stabilize relatively rapidly to within criteria listed by the EPA on the basis of
historical results. For temperature, no criterion is indicated but changes in field
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measurements should be less than or equal to 0.1 degree centigrade. For pH,
the criterion is a variance of less than 0.1 units. Specific conductance should
vary by less than 3 percent variance.
•

Record ORP and DO with flow-through cell attached to discharge line. ORP
should stabilize to less than a variance of 10 millivolts. For DO, the
measurements should be within the criterion of 10 percent or within the
accuracy of the flow-through cell (0.2 milligrams per liter [mg/L]).

•

After field parameters stabilize and/or minimum purge volume removed, collect
water quality samples.

•

Field parameters will be recorded on the field sampling data form.

•

Field parameters will be measured at selected intervals during purging.
Sufficient measurements will be taken to document changes in the parameters.
The frequency and total number of measurements will depend on well
productivity. Generally, field parameters will be recorded every 5 minutes.

3.6 Purging and Sampling Equipment
The following equipment are described to provide flexibility to the sampler during the
course of a sampling event or in the rare instance to substitute a type of sampling
equipment because of primary equipment malfunction. Most of the wells routinely
sampled at the site are equipped with dedicated bladder pumps, although a couple of
shallow wells (e.g., MW-12.23) are purged and sampled with bailers.
3.6.1 Bailers
Bailing is often the most convenient method for evacuating well water. Bailers are
constructed in a variety of materials and sizes, usually of PVC, stainless steel, or Teflon.®
The line for the bailer is usually polyethylene rope. Bailers can be reusable (after
decontamination), dedicated, or disposable. During bailing, the bailer cord is not allowed
to touch the ground with the cord managed by holding the line between the sampling
person's hands, contained in a clean bucket, or reeled on to a clean spool. Bailers are also
used to collect grab samples from leachate sumps or from surface water locations.
Purging Procedures
•

Remove bailer from the protective sleeve.
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•

Tie the line to the bailer with a bowline or equivalent knot, lower the bailer to
the bottom of the monitoring well, and cut the cord to the desired length.

•

Before inserting the bailer into the well, test the knot for security and the bailer
to evaluate whether or not the parts are intact.

Sampling Procedures
•

After completing the purging (see previous SOPs), collect a water sample.

•

If the well was evacuated with the bailer, collect the sample with the bailer.

•

If another method was used for purging the well, discard the first bailer-full of
water before sampling.

•

Attach a bottom-discharging device to the bailer to fill the sample bottles.

•

When filling the volatile organics bottle, direct the bottom discharge down the
side of the sample bottom to reduce the potential for analyte volatilization from
turbulent flow.

Limitations and Special Consideration. Purging monitoring wells by bailing
presents two potential problems. Rapid bailing can stir up the sediments on the bottom of
the monitoring well and increase the suspended solids in the groundwater samples.
Bailing is not practical for deep wells or where large volumes of groundwater must be
evacuated.
3.6.2 Dedicated Bladder Pumps (with Purge Mizer Packers)
Bladder pumps are submersible mechanisms consisting of a flexible membrane bladder
enclosed in a rigid (usually stainless steel or plastic) housing. The internal bladder can be
compressed and expanded under the influence of gas (air or nitrogen). Water enters the
bladder through the lower check valve; compressed gas is injected into the cavity between
the housing and bladder. The sample is transported through the upper check valve and
into the discharge line through compression of the bladder. The upper check valve
prevents water from reentering the bladder. The process is repeated to cycle the water to
the surface. Dedicated bladder pumps are installed in all but two Merlin Landfill well
(see Table A-1). The following procedure is aimed at those wells with packers, however,
the procedure for wells without packers is similar.
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Purging Procedures
•

Connect the appropriate hose from the compressor or nitrogen cylinder to the
controller box and to the pump.

•

Start the pump and record the pumping rate and the depth to water. Control the
pumping rate by a controller. During pumping, monitor the water level so the
pump will not run dry.

•

Attach the small dedicated discharge tubing to the plastic discharge elbow joint
located on the wellhead. Place a graduated bucket under the discharge tubing.

•

Attach the compressed air line and gauge to the nitrogen tank and to the pump
pressure inlet on the Well Wizard controller. Use Teflon tape on the nitrogen
tank threads to prevent leakage.

•

Attach the small compressed air line from the Well Wizard controller output to
the appropriate fitting on the wellhead.
Note: If the well contains a purge mizer (see Table A-1) there will be two
brass fittings on the wellhead. Connect the purge mizer controller to the
appropriate fitting and inflate to 40-60 pounds per square inch (psi) using
the same procedure. One to two pump cycles is sufficient to inflate the
purge mizer. The minimum psi required in the purge mizer at each well
can be calculated using the following equation:
psi required = (length of water column above purge mizer) ÷ 2.3

•

Make sure the regulator valve is closed by turning it counter clockwise until it
turns freely. Open the valve on the nitrogen tank. The gauge will read the
amount of gas in the tank.

•

Set the Well Wizard® controller recharge and discharge dials to middle range.

•

Slowly open the regulator valve (turn clockwise to open) until the psi reading is
between 40 and 90. Do not exceed the maximum manufacturer's recommended
psi or damage to the pump bladder may result.
Note: The psi to use for each well can be estimated from the depth to
water measurement.
psi required = (depth to water) ÷ 2.3

W:\CGP\revEMP\SAPv051313.doc-13\et:1
CGP-001-002

Rev. 2, 5/13/13

A-11

•

The controller will begin cycling when gas is supplied to the pump. There is a
discharge cycle and a recharge cycle. The discharge cycle happens when water
is expelled from the tubing. The amount of time water is discharging is called
the discharge time. At the end of the discharge cycle, gas is exhausted from the
controller (a loud noise from the release in pressure). The pause between when
the gas is exhausted and when gas is resupplied to the pump again is call the
refill time. After water starts discharging, adjust the discharge dial so that when
water stops discharging, the supplied gas exhausts.

•

Once the discharge timing is adjusted, shorten the refill time until it starts to
affect the discharge and discharge timing and then slightly back it off. This
cycling sequence provides the most efficient pumping at a particular well.

•

Periodically monitor recharge and discharge timing throughout the purging
episode. Water in the well may drawdown altering recharge and discharge.

•

After sampling is completed, turn off the main gas valve at the nitrogen tank.
Let the lines bleed. Close the regulator valve by turning it counter clockwise
until it turns freely. Disconnect hoses.

•

Secure well by properly storing discharge tube and locking security casing.

Sampling Procedures
•

While pumping is ongoing, the sample bottles can be filled directly from the
discharge line.

•

When collecting samples for volatile organic analysis, regulate the flow rate to
approximately 100 milliliters per minute to minimize pump effluent turbulence
and aeration. The VOC container will be completely filled so that no headspace
remains and then capped; it will be checked for air bubbles by turning the bottle
upside down and tapping it lightly to move any air bubbles to the bottom. If
bubbles are observed, the container will be opened and more sample added,
repeating the sequence until no more bubbles are evident.

•

When collecting samples for dissolved constituents, filtering can be performed
by attaching a disposable 0.45-micron acrylic copolymer filter directly to the
pump effluent line with a pressure fitting. As the pump cycles, the effluent will
be pressured through the filter and directed into the appropriate containers.

Limitations and Special Considerations. Bladder pumps prevent contact between
the gas and water sample and are suitable for collecting groundwater samples for almost
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any given organic or inorganic constituent. Disadvantages of bladder pumps include the
large gas volumes required (especially at depth), and potential bladder rupture.

3.7 Domestic Wells
Purge volumes need not be calculated, nor purging strictly performed, at the domestic
groundwater supply wells, because the water supply systems are in continual operation.
The water sample can be collected immediately and directly from the sample tap which
will be opened and allowed to discharge 15 minutes to flush the piping system. Fieldmeasured water quality parameters (pH, specific conductance, temperature) will be
recorded. Samples should be collected at a point before treatment (if present). Follow
procedures for collecting VOCs, metals, or inorganic compounds as described above:
•

Decontaminate the faucet at the well head by rinsing with well water.

•

Collect the VOC sample first by reducing the pump discharge rate to as slow
and steady a flow as practicable to minimize sample aeration. Carefully fill the
sample bottles by allowing the water to slowly run down the inside edge of the
bottle until a meniscus is formed. After capping each VOC bottle, invert and
tap the bottle to observe that there are no air bubbles in the sample bottle. If air
bubbles are present, remove cap and add more water and check again.
Note: The VOC bottles for the domestic wells are often preserved in the field
or per laboratory instructions. Each bottle should contain citric acid powder.
Fill the bottle up to the neck and then add 2 drops of 50% hydrochloric acid.
Complete filling and capping the bottles.

•

Collect additional samples for inorganic parameters or for metals. To fieldfilter for dissolved metals, collect water from the faucet in a clean container
(i.e., empty distilled water jug). Pump the water sample from the clean
container directly into the sample bottle using a peristaltic pump with new
tubing and a high capacity filter attached to it.

3.8 Surface Water Sampling
Grab samples will be collected from the surface water sampling locations listed for the
monitoring program (EMP Table 4-4). A sample bottle will be dipped directly into the
stream, capped, and stored consistent with protocols outlined in Section 3.12.
Water will be sampled as follows:

W:\CGP\revEMP\SAPv051313.doc-13\et:1
CGP-001-002

Rev. 2, 5/13/13

A-13

• Temperature, pH, and specific conductance will be measured with portable
meters at the time of sampling. The data will be recorded immediately on a field
sampling data form.
• Surface water will be collected in appropriate containers by allowing water to
flow directly into the container with mouths of bottles facing upstream (making
sure that any preservative does not flow out), or by submerging the container in a
small pool formed naturally or excavated for that purpose. Samples will be
collected in a manner to minimize aeration.
•

To field filter for dissolved metals, collect water from the stream in a clean
container (i.e., empty distilled water jug). Pump the water sample from the
clean container directly into the sample bottle using a peristaltic pump with new
tubing or with tubing that has been purged and rinsed with distilled water, and a
new high capacity filter attached to it.

• Equipment used for sample collection will be decontaminated both before it is
used on site and after each sample is collected.
• Clean gloves will be worn at each sampling site to avoid the potential for crosscontamination.
• Field activities and sampling data (e.g., sample containers, preservatives used)
will be documented in the field on the field sampling data form. Deviations
from the general procedures will be noted on field documentation records and
brought to the attention of the project manager.

3.9 Sample Nomenclature
Groundwater samples from facility monitoring wells, domestic wells, and surface water
locations will be blind-labeled (an additional laboratory quality control procedure). Each
blind-labeled sample will be designated as follows: “ML-,” followed by the date of
collection, then by “-” and a unique identification number. Numbers will be assigned in
sequence, starting with 1, during a single monitoring period, regardless of the collection
date. For example, a sample labeled “ML-0413-01” would indicate that it was obtained
at the Merlin Landfill during the April 2013 sampling event, and that it was the first
sample obtained for that sampling event. To ensure the integrity of quality assurance and
quality control (QA/QC) samples, duplicates or equipment blanks will be blind-labeled so
that their identity will not be evident to the laboratory.
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3.10 Dissolved Constituent Field Filtering
Water samples collected for dissolved constituents analyses (e.g., metals) will be filtered
with a 0.45-micron filter before they are placed in sample containers. Groundwater
filtration can be accomplished with in-line filters using the bladder pump. Filtering can
also be performed surface water and from domestic wells by pumping the water through a
reusable, stand-alone filtration apparatus with a peristaltic pump.

3.11 Equipment Cleaning and Decontamination
3.11.1 Sampling Equipment
All nondedicated groundwater sampling equipment will be decontaminated in the
following sequence before samples are collected at each monitoring well, domestic well,
or surface water site:
•

Rinse with tap or distilled water.

•

Wash with nonphosphatic detergent consisting of a dilute mixture of Liquinox
(or its equivalent) and tap or distilled water.

•

Triple rinse with distilled water.

3.11.2 Water Level Measurement Equipment
The portion of the water level detector that enters the water (the tip) and a 5-foot section
above that portion will be decontaminated before its use in each well. Decontamination
will consist of a distilled water rinse. The entire probe and cable is washed with a dilute
mixture of Liquinox and distilled water, and a final distilled water rinse after the
sampling event.

3.12 Sample Handling and Collection Order
The sample containers will be prepared and provided by the analytical laboratory.
Samples will be preserved consistent with analytical laboratory recommendations (see
Table A-2). The type and size of container used for each analysis and the type of
preservative added, if any, will be recorded on the FSDS (Exhibit A). Samples will be
collected in the order shown below:
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•
•
•
•
•
•

Major water quality anions and cations
VOCs
Total and dissolved metals
Dissolved inorganic constituents
Dissolved gases and total organic carbon (TOC)
Miscellaneous monitoring parameters

Sample containers are placed in an iced cooler (approximately 4°C) immediately after
sample collection. Sample containers are kept closed, maintained under custody, and
cooled until analysis. Recommended holding times from sample collection until sample
analysis should not be exceeded (see Table A-2).

3.13 Waste Fluid Handling
Wastewater includes waters generated by well purging and during decontamination of
sampling equipment. Since quantities are minimal and concentration of constituents
relatively low, the wastewater will be discharged to the ground surface away from the
monitoring well.
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4 QUALITY ASSURANCE AND QUALITY CONTROL
This section includes quality assurance and quality control (QA/QC) procedures for field
activities, sampling procedures, and data validation and data entry of laboratory data.
Functionally, this section provides a consistent set of QA/QC procedures that will be used
throughout routine monitoring activities described in the EMP. Applicable sections could
support other types of field activities, such as decommissioning monitoring wells.

4.1 Purpose
Effective multidisciplinary field studies combine QA/QC with efficient use of personnel
and other resources. A well-documented QA/QC program facilitates obtaining data that
are scientifically and legally defensible and that meet applicable standards.
The procedures and guidelines are based on standard QA/QC programs, consistent with
U.S. Environmental Protection guidance document SW-846 “Test Methods For Evaluating
Solid Waste: Physical /Chemical Methods” (EPA, 1983 and 1986a, also known as SW846), for technical enforcement of groundwater monitoring (EPA, 1986b), and for
preparing quality assurance plans (EPA, 1987, 1990). The QA goals for monitoring are as
follows:
• Collect high-quality, verifiable data.
• Use resources cost-effectively.
• Collect data that are usable by the City and the DEQ.

4.2 Responsibilities
The project team includes engineers, hydrogeologists, and other scientists. The project
manager will be responsible for seeing that the procedures and guidelines described in this
section of the SAP are followed during the monitoring events. Team members will
regularly review the project status and interim data for compliance with this section of the
SAP.
Reports that are prepared as part of routine monitoring will be submitted to the DEQ. The
City will notify the DEQ at least ten days before beginning field activities such as water
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sampling. If requested, DEQ representatives will be given the opportunity to take split
samples during the field investigations; these are typically schedule once every 3 years.

4.3 Objectives for Measurement
The procedures and guidelines outlined in this section of the SAP will be used to evaluate
qualitative and quantitative data obtained during site monitoring. Consistency of sampling,
analysis, data validation, data evaluation, and reporting procedures is a high priority. Data
quality objectives for laboratory analyses will follow the guidelines published in SW-846.
Measurements are intended to yield results representative of the media and conditions
involved. QA/QC objectives for limits of detection, precision, accuracy, and completeness
have been established for each measurement variable, where reasonably possible and are
included in the laboratory quality assurance manual.
Appendices to reports will summarize the QA/QC review, as appropriate. The review will
include field documentation; field audits; duplicate sample, method blank, and transport
blank results; sample holding times; and matrix spike recoveries, matrix spike duplicate
results, surrogate recoveries, and laboratory method blank results.

4.4 Sampling Procedures
The quality of the data collected in an environmental study depends on the procedures and
consistency used during sample collection. Detailed protocols for sample collection are
provided in Section 3 of this SAP; handling and shipment procedures are described below.
4.4.1 Container Preparation and Preservatives
Clean sample containers will be prepared and provided by the laboratories. Samples will
be preserved consistent with recommendations given in SW-846 (Table A-2). The type
and size of container used for each parameter and the type of preservative added, if any,
will be recorded on a field sampling data form. Containers will remain closed until use.
4.4.2 Handling
Once filled, sample containers will be kept closed, maintained under custody, and
refrigerated or cooled with ice until analysis.
Samples will be labeled when they are collected. Sample collection data, including label
information, will be recorded on field sampling data sheets (FSDSs) when the samples are
collected. Sample containers will be placed in an iced cooler immediately after sample

W:\CGP\revEMP\SAPv051313.doc-13\et:1
CGP-001-002

A-18

Rev. 2, 5/13/13

collection. Maximum holding times from the time of sample collection until sample
analysis are listed in Table A-2. Samples will be shipped or delivered to the laboratory as
soon as reasonably possible.
4.4.3 QA/QC Samples
QA samples will be collected in the field, as appropriate to the level of investigation.
Samples could include field equipment blanks, trip blanks, or field duplicates. QA samples
will be blind-labeled and preserved as if they were typical samples. QA samples will be
clearly identified on the FSDSs. Analytical results from the blanks and duplicates will
facilitate cross-checking of the data. Blank results may indicate possible contamination
introduced by field or laboratory procedures, and field duplicates indicate overall precision
in both field and laboratory procedures. Results will be evaluated and discussed in the data
validation report.
Trip Blanks. Trip blanks are water quality control (QC) samples prepared in the
laboratory by filling a water sample container with laboratory-grade, distilled, organic-free,
deionized water. Trip blanks will be prepared at the same time and location as the sample
containers for a particular sampling event. Trip blanks will accompany the sample
containers to and from the event, but at no time will they be opened or exposed to the
atmosphere. For each semiannual event, two trip blanks for volatile organic compounds
(VOCs) will generally be included and tested.
Field Blanks. Field blanks are prepared in the same manner as trip blanks, but they will
be exposed to the ambient atmosphere at a specified monitoring point during sample
collection. This is to determine the influence of external field conditions on sample
integrity. If it suspected that there are external sources of VOCs that might influence
sample collection at the site, a field blank for VOCs will be included per day of sampling.
Equipment rinsate blanks are another type of field blank. They will be obtained after
nondedicated sampling equipment is decontaminated, and will involve passing deionized
organic-free water through the sampling equipment and transferring the water into an
appropriate sample container. Rinsate blanks will not be collected if single-use or
dedicated equipment (e.g., bailers or tubing) is used for sampling. When collected, rinsate
blanks will be analyzed to determine whether decontamination of sampling equipment is
adequate. One equipment rinsate blank will be collected for every 10 samples collected
with nondedicated equipment, or at least one will be collected for each sampling event.
Field Duplicates. A duplicate water sample will be collected to check the precision of
groundwater sampling and analytical procedures. During each sampling event, at least one
blind duplicate sample will be taken from one sampling point at the same time as the
regular sample. Duplicate samples will be obtained by alternately filling like sample
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bottles for the two sample sets (original and duplicate). One field duplicate sample will be
collected for every 10 samples collected.
4.4.4 Changes in Procedures
Changes to the procedures outlined in this SAP will be documented on field sheets or in a
field logbook. Approval from the project manager will be required to implement on-site
changes. Major modifications of the sampling plan or procedures must be approved in
advance by both the project manager and the DEQ.

4.5 Sample Custody
Sample custody is an important part of field studies where collected data may be used for
regulatory action or as evidence in a court of law. The samples must be traceable from the
time they are collected until the chemical analysis results are reported to the environmental
consultant or the City.
4.5.1 Field Operations
The key to documenting sample custody is thorough record keeping. A field logbook and
field sampling data forms will be maintained daily, as appropriate, to document field
activities and sample collection. Entries in the field logbook will be made in indelible ink,
and any changes to entries will be made by crossing out the original entry with a single line
and initialing it.
Sample containers will be labeled, before or immediately after sampling, as follows:
•

Project number

•

Sampling date and time

•

Sample number and place of collection

•

Sampler’s name and company

During sampling, the appropriate sample containers will be selected, and the appropriate
sample number will be recorded in the field logbook or on a field sampling data form.
At the end of each sampling day and before samples are transferred off site, chain-ofcustody entries will be made on a chain-of-custody/laboratory analysis request form to
document sample custody. Information on the container labels will be compared with the
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information on the chain-of-custody form, the field sampling data form, and the field
logbook.
4.5.2 Chain of Custody
Once a sample is collected, it will remain in the custody of the person who collected it, or
other authorized personnel, until it is shipped to the laboratory. On transfer of sample
possession to subsequent custodians, the persons transferring custody will sign the chainof-custody form (Exhibit A). Signed and dated chain-of-custody seals will be attached to
coolers before they are shipped. When the samples are received at the laboratory, the
custody seal on the shipping container will be broken and the condition of the samples
recorded by the laboratory custodian (see below). Chain-of-custody records will be
included in the report prepared by the laboratory.
4.5.3 Shipping
Samples will be shipped or delivered by hand to the laboratory as soon after collection as
possible to meet holding times. Packaging and shipment will follow these procedures:
•

Sample containers will be preserved and transported on ice in a sealed, insulated
cooler.

•

Glass bottles will be separated in the shipping container by shock-absorbent
packaging material to prevent breakage.

•

Ice will be sealed in separate plastic bags and placed on top of the samples.

•

Place a laboratory-supplied trip blank in coolers containing samples for VOC
analysis.

•

Sample shipments will be accompanied by a chain-of-custody/laboratory
analysis request form, which will be sealed in a plastic bag and taped to the inside
lid of the cooler.

Samples should be stored in separate coolers on the basis of wells that have historically
been impacted to lessen the potential for cross contamination. The recommended storage
and shipment sample groupings are as follows:
•

MW-8.82, MW-10.107, MW-10.147, MW-12.23, MW-12.121, MW-12.156,
MW-17.125

•

MW-4.83, MW-7.128, MW-7.192, MW-13.181, MW-13.326, MW-14. 105,
MW-20.171, MW-21.111, MW-18.88, trip blank.
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•

MW-3.230, MW-5.98, MW-6.88, MW-8.118, MW-8.181, MW-14.105, MW22.240, trip blank.

•

Surface water, domestic wells.

One or two coolers may be necessary for each grouping. It is recommend that samples
collected for VOC analysis be separated by sample site by placing them in single Ziploc
bags.
4.5.4 Laboratory
On receipt of the samples, the laboratory sample custodian will fill out the chain-ofcustody record. The custodian will note the condition of each sample container and, if
appropriate, questions or observations about sample integrity. The custodian will also
maintain a sample-tracking record that will follow each sample through the laboratory
process. The sample-tracking record must show the dates of sample extraction or
preparation, and the analysis carried out for each sample. These records will be used to
determine compliance with specified holding times. A description of the Neilson Research
Corporation (NRC) sample handling procedures is provided in the NRC Laboratory
Quality Assurance Plan.

4.6 Analytical Procedures
4.6.1 Laboratory
The analytical methods and references for most analyses to be used are summarized in
Table A-2. The primary analytical laboratory for this project is NRC, in Medford, Oregon.
The quality assurance manual followed by NRC describes equipment, personnel, QA/QC
checks, and other important elements of their quality assurance protocol. Procedural
details not specified in the SAP should follow the protocol described in U.S. EPA’s
Guidance SW-846 “Test Methods for Evaluating solid Wastes, Physical/Chemical
Methods” (1986) guidelines and any updates.
Quantitation limit goals for each analyte are based on the following:
•

For inorganic parameters and metals – less than or equal to 10 percent of the
regulatory threshold.

•

For organic parameters – based on the method practical quantitation limit (PQL)
or estimated quantitation limit (EQL).
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The method reporting limits (MRLs) for NRC are lower than or equivalent to these goals
for the methods shown in Table A-3.
4.6.2 Internal QA/QC Checks
The laboratory will demonstrate its ability to produce acceptable results using
recommended methods or their equivalent. The following criteria will be used to evaluate
the data (as appropriate for inorganic or organic chemical analyses):
•

Performance on method tests (EPA, 1986a)
− Matrix spike performance
− Gas chromatograph performance (tailing factors)
− Blanks
− Precision of calibration and samples

• Percentage of surrogate recovery (organics)
• Adequacy of detection limits obtained
• Precision of replicate sample analyses
• Comparison of percentage of missing or undetected substances between replicate
samples.
4.6.3 Preventive Maintenance
Preventive maintenance of equipment contributes to the cost-effective use of project
resources. A schedule of preventive maintenance activities and the availability of critical
spare parts and backup systems and equipment can reduce downtime and increase the
accuracy of measurement systems. Preventive maintenance of specific pieces of equipment
used in sampling and monitoring will follow the manufacturers’ specifications and
recommended field and laboratory practices. Such maintenance procedures will be
documented in the laboratory logbook.

4.7 Data Validation
Laboratories provide several levels of data reporting deliverables to meet specific project
needs. For the Merlin Landfill data, NRC provides a Tier II½ data package that includes a
transmittal letter, sample analytical results, method blank results, surrogate recovery
results, chain of custody documents, laboratory duplicate results where required by the
method, and matrix spike and matrix spike duplicate results. Validation of laboratory data
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will follow applicable portions of USEPA guidelines for organic and inorganic data review
(EPA, 1999 and 2004). The City’s consultant will be responsible for data validation and
compilation as described below.
4.7.1 Laboratory Reporting QC
• Comparing chain-of-custody documentation (analyses requested) with laboratory
report (analyses performed).
• Giving data a preliminary proofing for anomalies; investigation and correction
where reasonably possible.
• Proofing laboratory data sheets for detection limits, holding times, surrogate
recovery performance, and spike recovery performance.
• Checking computerized data entries.
4.7.2 Laboratory QC
•

Check sample holding time against the recommended holding time criteria
established by EPA to determine the data validity and usability. The holding
time is period between the date of sample collection and extraction or analysis by
the laboratory.

•

Check laboratory method blank frequency and results to assess the effect of the
laboratory environment on the analytical results. Method blanks are analyte-free
water that is processed through the entire analytical system using procedures
identical to those for the environmental samples.

•

Surrogate standards (compounds similar to the parameters of interest, however,
not normally found in environmental samples) are added to each environmental
and QC sample, where applicable. Surrogate results are reported as percent
recoveries and are used to assess the effect of the sample matrix on the analysis
and analytical accuracy.

•

Use matrix spike and matrix spike duplicate (MS/MSD) results to assess
analytical accuracy and precision in the analytical system. A selected sample is
spiked in duplicate with known concentrations of parameters. The results are
reported as percent recovery, which determines accuracy and is a measure of the
bias in a system. The relative percent difference between the matrix spike and
the matrix spike duplicate results assess precision (reproducibility).
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•

Quantify and report all concentrations above method reporting limits (MRLs).
MRLs are the minimum amount of analytes that the analytical systems can
routinely and reproducibility distinguish from background system noise with 95
percent confidence. Because of matrix interferences or because a sample has
been diluted in order to quantify the most concentrated analyte observed, actual
MRLs may sometimes exceed those routinely used.

As outlined above, routine procedures intended to promote measuring precision and
accuracy include using replicate analyses, standard reference materials, matrix spikes, and
procedural blanks. The minimum QA/QC analyses that will be performed for both the
organic and inorganic analyses are as follows:
− Matrix spikes and matrix spike duplicates: one of every 20 samples will be
spiked with target analytes and analyzed. Matrix spikes will be analyzed for
inorganic analytes, and both matrix spikes and matrix spike duplicates will be
analyzed for organic analytes. If fewer than 20 samples are analyzed, at least
one sample per phase will be spiked.
− Method blank: a method blank will be analyzed at a frequency of 5 percent of
the total number of samples (i.e., one of every 20 samples), one per batch of
samples, or one per day, whichever is greater.
QA/QC goals for accuracy, precision, and completeness have been developed for each
analytical parameter identified in this SAP.
Precision is a measure of data variation when more than one measurement is taken on the
same sample. The precision estimate for duplicate measurements can be expressed as the
relative percent difference (RPD):
RPD = (c1-c2) x 100
c
where
c1 = concentration for replicate 1.
c2 = concentration for replicate 2.
c = mean concentration.
Acceptable precision limits are based on historical databases, as defined by the EPA.
Laboratory duplicate measurements will be obtained for each set of samples submitted and
analyzed.
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The accuracy of laboratory analysis is assessed by measuring standard reference material
and spiked samples. Standard reference materials are used to calibrate laboratory
measurement instruments.
Spike recovery is determined by splitting a sample into two portions, spiking one portion
with a known quantity of a constituent of interest, and analyzing both portions. Spike
recovery is expressed as percent recovery:
Percent recovery = ∆c x 100
∆cs
where
∆c = measured concentration increase.
∆cs = known concentration increase.
Acceptable spike recovery limits are based on historical data sets, as defined by the EPA.
Completeness is an estimate of the amount of valid data obtained from the analytical
measurement system for a given set of data. Data qualified as estimates are usable and will
therefore be considered in the calculation of completeness. Percent completeness is
defined as the number of samples analyzed that meet the data quality goals, divided by the
total number of samples analyzed, and multiplied by 100.
4.7.3 Field QC
•

Check trip blank (prepared by the laboratory and used when sampling for volatile
organic compounds) results to assess whether or not contamination was
introduced during sample container preparation or sample transportation and
storage.

•

Check field blank (prepared by field personnel during sampling) results and
rinsate blank (prepared after decontamination of field sampling equipment)
results to assess the effects of field conditions on the analytical results and to
identify false positives.

•

Collect field duplicates to evaluate sampling and analytical precision (field and
laboratory). Duplicates also assess the homogeneity of the sample. Collection
procedures for the field duplicate sample and the primary sample are identical,
both are analyzed for the same suite of parameters and the relative percent
difference is calculated between the samples. Data qualifiers are not assigned on
the basis of field duplicate results, however, an RPD of 35 percent will be
considered satisfactory for this project.
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4.7.4 Data Review Documentation
Upon completion of the review and assignment of data qualifiers (if applicable), a data
review report will be prepared that documents and clearly identifies any problems
associated with the data and states any limitations for its use.

4.8 Data Management and Reduction
Raw data generated in the field or received from the laboratories will be validated and
assigned qualifiers as appropriate, entered into a computerized database, and verified. The
data provided by the laboratory for this project includes electronic data deliverable (EDD)
in Excel or CSV format. The data is subsequently normalized and imported to an Access
database designed for the landfill. Field data is subsequently entered manually to the
database for electronic storage.
After validation and assignment of qualifiers, the data will be tabulated in a spreadsheet or
database. The tabulation of laboratory and field data, with the appropriate data qualifiers,
will be stored on computer disk for archival purposes. Data may be further reduced and
managed, as needed, using the following computer software applications:
•
•
•
•
•
•

Spreadsheets
Databases
Word processing
Geostatistical contouring
Statistical applications using appropriate methods
Other applicable computer approaches

Data reduction QC checks will be performed on all entered, calculated, and graphic data.
Data entry will be compared with data generated during field activities and recorded in
notebooks or on field data forms. Analytical data entry will be checked against laboratory
reports.

4.9 Corrective Actions
Corrective action measures generally lie within three areas of project management:
concerns associated with sample collection, sample handling, and equipment failures; data
processing, data management, or data analysis; and nonconformance or noncompliance of
analytical laboratories with QA/QC requirements.
The project manager will be notified immediately should a field or laboratory QA/QC
problem arise that could jeopardize the use of collected data. Corrective action will be
taken by the project manager when field methods are determined to be inappropriate or

W:\CGP\revEMP\SAPv051313.doc-13\et:1
CGP-001-002

A-27

Rev. 2, 5/13/13

analytical data are found to be outside predetermined limits of acceptability. Corrective
actions may include procedural changes, resampling or additional data collection,
additional performance or system audits, meeting with laboratory personnel, and, in
extreme cases, obtaining a new analytical laboratory. The DEQ will be informed of
potential QA/QC problems as early as reasonably possible. The DEQ will be notified if
corrective action is deemed appropriate.

4.10 Performance and System Audits
Performance and system audits of sampling and analysis consist of reviewing field and
laboratory QA/QC systems and sampling equipment and methods. They are designed to
assess the capability and reliability of the measurement systems.
Key TUPPAN CONSULTANTS personnel will review field procedures, including observing
and documenting field activities, and will regularly present findings and recommendations
to the respective project manager. In addition, DEQ representatives who are on site during
field activities may present findings and recommendations to the project manager.
The laboratory is required to participate in performance and system audits conducted by, or
consistent with, the EPA Environmental Monitoring Systems and Supporting Laboratories.
The results of these audits will be made available to TUPPAN CONSULTANTS or the City, if
requested. No other laboratory audits will be conducted during the project.
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TABLES

Table A-1
Monitoring Well Characteristics
Environmental Monitoring Plan
Merlin Landfill
Well
Name
MW-3.230

Well
Wizard
Yes

MW-4.83
MW-4.161

Yes
Yes

MW-5.98
MW-5.151

Yes
Yes

MW-6.88
MW-7.128
MW-7.192
MW-8.82
MW-8.118
MW-8.181
MW-9.113
MW-10.107
MW-10.142
MW-11.233

Yes
Yes
Yes
No
Yes
Yes
Yes
Yes

MW-12.23
MW-12.121
MW-12.156
MW-13.181
MW-13.236
MW-14.105

Yesb
Yes

Purge Fixed Casing
Total
Mizer
Volume
Depth
(Packer)
(gal)
(feet bgs)
Yes
5.7
225
Yes

Screen
Interval
(feet bgs)
195 - 225

2.3
—

82
160

72 - 82
150 - 160

2.7
—

97
149

87 - 97
139 - 149

Yes

—
9.8
—
—
1.8
—
2.0
6.8
—
—

86
128
192
82
118
181
112
107
142
233

76 - 86
113 - 128
175 - 192
71.1 - 81.1
108 - 118
170.3 - 180.3
102 - 112
85 - 107
121 - 142
195 - 233

No
Yes
Yes
Yes
No
No

—
3.7
2.0
3.0
—
—

23
121
154
181
236
103

18 - 23
96 - 121
144 - 154
163 - 178
218 - 233
83 - 103

a

Yes

Yes
a

Yes

No
Yes
No
No
Yes
No
Yes
Yes
No

No
Yes
Yes
Yes
Yesb
Yes
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a

The depth to water is the greatest at this well location. Set regulator gauge to 90 psi. May
take 5-15 minutes before water starts to discharge. Purge by low flow methods.
Added 2 feet to the top of casing in January 2001
This well is very slow. Purge dry once on first day of sampling event and then sample on
second day of event. Collect samples on the following morning after purging dry.
This well is very slow. Purge dry once on first day of sampling event and then sample on
second day of event. Collect samples on the following morning after purging dry.

Large casing volume. Purge by low flow methods.
Bail with single-use bailer.
Large casing volume. Purge by low flow methods.

Large casing volume. Purge by low flow methods.
This well is very slow. Purge dry once on first day of sampling event and then sample on
second day of event. Collect samples on the following morning after purging dry.
Bail with single-use bailer.

Large casing volume. Purge by low flow methods.
Large casing volume. May take 1-2 hours to purge this well.

5/10/2013

Table A-1
Monitoring Well Characteristics
Environmental Monitoring Plan
Merlin Landfill
Well
Name
MW-15.110
MW-17.125
MW-18.88
MW-19.160

Well
Wizard
Yes
Yes
Yes
Yes

MW-20.171
MW-21.111
MW-22.240

Yes
Yes
Yes

Purge Fixed Casing
Total
Mizer
Volume
Depth
(Packer)
(gal)
(feet bgs)
No
—
110
No
—
125
No
—
88
a
—
160
Yes
Yes
No
Yes

6.6
—
4.9

170
110
240

Screen
Interval
(feet bgs)
88 - 108
65 - 125
60 - 85
126 - 156

Large casing volume. May take 1-2 hours to purge this well.

This well is very slow. Purge dry once on first day of sampling event and then sample on
second day of event. Collect samples on the following morning after purging dry.

140 - 170
80 - 110
218.5 - 238.5

Note: a Purge mizer not used because wells are purged dry before sampling.
- Low flow purging technique employed; maintain stabilized DTW and field parameters.

b
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Table A-2
Sample Analytical Methods, Volumes, Containers, Preservatives, and Holding Times
Sampling And Analysis Plan
Merlin Landfill
Parameter
Common Anions and Cations
Calcium
Iron
Magnesium
Manganese
Sodium
Silicon
Potassium
Bicarbonate
Carbonate
Sulfate
Chloride
Nitrate/Nitrite Nitrogen
Trace Metals
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Nickel
Selenium
Silver
Thallium
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Analytical Method

Volumes
Required (mL)

Container
Type

200.7/6010B
200.7/6010B
200.7/6010B
200.8/6020A
200.7/6010B
200.7/6010B
200.7/6010B
SM 2320B
SM 2320B
9056
9056
9056

500
500
500
500
500
500
500
500
500
500
500
500

200.8/6020A
200.8/6020A
200.7/6010B
200.8/6020A
200.8/6020A
200.8/6020A
200.7/6010B
200.8/6020A
200.8/6020A
200.8/6020A
200.8/6020A
200.8/6020A
200.8/6020A

500
500
500
500
500
500
500
500
500
500
500
500
500

Preservative

Holding Time

Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic

HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
None
None
Cool, 4°C
None
H2SO4 to pH<2
Cool, 4°C

6 months
6 months
6 months
6 months
6 months
6 months
6 months
14 days
14 days
28 days
28 days
28 days

Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic

HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2
HNO3 to pH<2

6 months
6 months
6 months
6 months
6 months
6 months
6 months
6 months
6 months
6 months
6 months
6 months
6 months
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Table A-2
Sample Analytical Methods, Volumes, Containers, Preservatives, and Holding Times
Sampling And Analysis Plan
Merlin Landfill
Parameter
Analytical Method
Trace Metals (cont'd)
Vanadium
200.8/6020A
Zinc
200.8/6020A
Indicator Compounds and Other Parameters
Ammonia-nitrogen
350.1
Chemical Oxygen Demand

SM 5220D

Hardness
Total Dissolved Solids
Total organic carbon

6010B
SM 2540-C
5310C

Total suspended solids

SM 2540D
8260B/524.2

Volatile Organic Compounds
Semivolatile Organic Compounds

w\cgp\emp\SAP-Tabs v2013\A-2

8270

Volumes
Required (mL)

Container
Type

Preservative

Holding Time

500
500

Plastic
Plastic

HNO3 to pH<2
HNO3 to pH<2

6 months
6 months

500

Plastic

28 days

1,000

Plastic

H2SO4 to pH<2
Cool, 4°C
H2SO4 to pH<2
Cool, 4°C
HNO3 to pH<2
Cool, 4°C
H3PO4 to pH<2
Cool, 4°C
Cool, 4°C
HCl to pH<2
Cool, 4°C
Cool, 4°C

500
Plastic
1,000
Plastic
3 x 40-ml vials Glass with Teflonlined septum caps
1,000
Plastic
3 x 40-ml vials Glass with Teflonlined septum caps
Amber glass with
1,000
Teflon-line cap

28 days
6 months
7 days
28 days
7 days
14 days
7 days
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Table A-3
Quantitation Limit Goals
Sampling and Analysis Plan
Coffin Butte Landfill
Analyte
Volatile Organic Compounds
Acetone
Benzene
Bromobenzene
Bromochloromethane
Bromodichloromethane
Bromoform
Bromomethane
2-Butanone (MEK)
Carbon Disulfide
Carbon Tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane (EDB)
1,2-Dichlorobenzene
1,2-Dichloroethane (EDC)
1,2-Dichloropropane
1,3,5-Trimethylbenzene
1,3-Dichlorobenzene
1,3-Dichloropropane
1,4-Dichlorobenzene
2,2-Dichloropropane
1,1-Dichloroethane
1,1-Dichloroethene
1,1-Dichloropropene
cis-1,2-Dichloroethene
cis-1,3-Dichloropropene
Dibromochloromethane
Dibromomethane
Dichlorodifluoromethane
Ethylbenzene
Hexachlorobutadiene
2-Hexanone
Isopropylbenzene
4-Isopropyltoluene
Methylene Chloride
4-Methyl-2-pentanone (MIBK)
Naphthalene
n-Butylbenzene
n-Propylbenzene
sec-Butylbenzene
Styrene
tert-Butylbenzene
1,1,1,2-Tetrachloroethane
w\cgp\emp\SAP-Tabs v2013\A-3

Units

Laboratory
Method Reporting Limit

Concentration
Limit Goala,b

µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L

20
0.50
2.0
0.50
0.50
0.50
0.50
20
1.0
0.50
0.50
0.50
0.50
0.50
0.5
0.5
5.0
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
20
0.50
0.50
2.0
20
0.50
0.50
0.50
0.50
0.50
0.50
0.50

20
0.50
2.0
0.50
0.50
0.50
0.50
20
1.0
0.50
0.50
0.50
0.50
0.50
0.50
0.50
5.0
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
20
0.50
0.50
2.0
20
0.50
0.50
0.50
0.50
0.50
0.50
0.50
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Table A-3
Quantitation Limit Goals
Sampling and Analysis Plan
Coffin Butte Landfill
Analyte
Tetrachloroethene (PCE)
1,1,1-Trichloroethane (TCA)
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
1,2,3-Trichlorobenzene
1,2,3-Trichloropropane
1,2,4-Trichlorobenzene
1,2,4-Trimethylbenzene
Toluene
trans-1,2-Dichloroethene
trans-1,3-Dichloropropene
Trichloroethene (TCE)
Trichlorofluoromethane
Vinyl Chloride
m,p-Xylenes
o-Xylene
Common Anions and Cations
Calcium
Iron
Magnesium
Manganese
Sodium
Silicon
Potassium
Bicarbonate
Carbonate
Sulfate
Chloride
Nitrate/Nitrite Nitrogen
Trace Metals
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc
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Units
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L

Laboratory
Method Reporting Limit
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50

Concentration
Limit Goala,b
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

1
0.015
1
0.0005
1
1
1
12
6
0.5
10
0.2

—
0.03
—
0.005
—
—
—
—
—
25
25
1

µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L

0.05
0.5
5
0.05
0.05
5
10
0.3
0.05
0.5
0.1
0.05
0.05
0.5
10

0.6
1.0
100
0.4
0.5
5
—
3
1
10
1
5
0.2
—
500
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Table A-3
Quantitation Limit Goals
Sampling and Analysis Plan
Coffin Butte Landfill
Analyte
Indicator Compounds and Other Parameters
Ammonia-nitrogen
Chemical Oxygen Demand
Hardness
Total Dissolved Solids
Total organic carbon
Total suspended solids

Units

Laboratory
Method Reporting Limit

Concentration
Limit Goala,b

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

0.05
20
3.8
4
0.1
4

—
—
—
50
—
—

NOTE:
a
b

Quantitation limits goals based on DEQ guideline of 10 percent of drinking water standard or PQL for VOCs.
Specific quantitation limits are matrix-dependent. Quantitation limits listed are provided for guidance and may not always be achievable.
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EXHIBIT A
FORMS

WATER LEVEL SURVEY
Site: Merlin Landfill

Date:

Personnel:

Project No.

Weather:

Sounder No.

Well

Time

DTW

(24:00)

(feet)

Monitoring Wells
MW-1.120

:

.

MW-3.230

:

.

MW-4.83

:

.

MW-4.161

:

.

MW-5.78

:

.

MW-5.98

:

.

MW-5.151

:

.

MW-6.88

:

.

MW-7.97

:

.

MW-7.128

:

.

MW-7.192

:

.

MW-8.82

:

.

MW-8.118

:

.

MW-8.181

:

.

MW-9.83

:

.

MW-9.113

:

.

MW-10.107

:

.

MW-10.142

:

.

MW-11.233

:

.

MW-12.23

:

.

MW-12.121

:

.

MW-12.156

:

.

MW-13.181

:

.

MW-13.236

:

.

MW-14.105

:

.

MW-15.110

:

.

MW-17.125

:

.

MW-18.88

:

.

MW-19.160

:

.

SAP-FORM-2013

Comments

WATER LEVEL SURVEY
Site: Merlin Landfill

Date:

Personnel:

Project No.

Weather:

Sounder No.

Well

Time

DTW

(24:00)

(feet)

MW-20.171

:

.

MW-21.111

:

.

MW-22.240

:

.

LC-4

:

.

ES-1

:

.

ES-2

:

.

Surface Water

SAP-FORM-2013

Comments

Pre-Sampling Checklist
Merlin Landfill
Water Sampling
Disposable Bailers

Coolers

Drain valve for bailers

Ice

Trimmer line

Flow Cell

Peristaltic pump

Batteries (extras)

Well wizard controller

Calibration Fluids/Buffer Solutions

Nitrogen tanks

Sample Cups

Well Wizard hoses and gauges

5-gallon Bucket(s)

Wrench for gauge fittings

1 gallon jugs

Sample bottles

Water Level Probe

High capacity field filters

Temperature blanks

Decon Materials
Liquinox

Distilled water

Wash basin

Gloves

Scrub brush

Personal Safety
Site safety plan

Rain gear

Hard hat

First aid kit

Boots

Eye wash

Glasses

Miscellaneous
Calculator

Field sampling data sheets

Tape measure

Water level sheet

Keys to wells and gates

Trash bags

Phone numbers (client, lab)

Well logs

Duct tape

Knife

Tool box

Bailer recovery tools

Paper towels

Ziploc bags

Chain of Custody forms

Teflon tape

Chain of Custody Seals

SAP-FORM-2013\check list

BOTTLE ORDER FORM
Merlin Landfill
DATE:
TO:
Neilson Research Corporation
245 South Grape Street
Medford, Oregon 97501
(541) 770-5678 x312
Attn: Fay Fowler

VOCs (sets of 3 VOAs)

FROM:
City of Grants Pass
101 N.W. "A" Street
Grants Pass, Oregon 97526
(541) 450-6115
Attn: Heidi Drinkworth

Trip Blanks (sets of 2)

sets Method 8260

sets Method 8260

sets Method 524.2

sets Method 524.2

Parameters
Total Metals and Hardness

BOD

Dissolved Metals

TOC

TSS, TDS, Cl, SO4,
Alkalinity (as CaCO3)

COD, NH3, NO3/NO2

Need order by:
Order Requests:
Blue Ice
Chain-of-Custody Forms
Custody Seals
Additional Instructions:

SAP-FORM-2013\bottles

Please deliver to:
City Shops
650 SE H Street
Grants Pass, OR 97526
Attn: Heidi Drinkworth

FIELD SAMPLING DATA SHEET
101 N.W. "A" Street
Grants Pass, Oregon 97526

City of Grants Pass

Office: (541) 450-6115
PROJECT NAME: Merlin Landfill

WELL ID:

SITE ADDRESS: 1749 Merlin Road

BLIND ID:

Fax: (541) 476-8671

DUP ID:
WEATHER:

SUNNY

CLOUDY

RAIN

NA

TEMPERATURE: ° F

?

.

°C

[Circle appropriate units]

HYDROLOGY/LEVEL MEASUREMENTS (Nearest 0.01 ft)
Date

[Product Thickness]

[Water Column]

[Water Column x Gal/ft]

Volume (gal)

Time

DT-Bottom

DT-Product

DT-Water

DTP-DTW

DTB-DTW

.

.

.

.

.

/

/

:

/

/

:

Gal/ft = (dia./2)2 x 0.163

.
1" =

0.041

.
2" =

0.163

.
3" =

0.367

.
4" =

0.653

.

X1

.

X3
6" =

1.469

10" =

4.080

12" =

5.875

§ METHODS: (A) Submersible Pump (B) Peristaltic Pump (C) Disposable Bailer (D) PVC/Teflon Bailer (E) Dedicated Bailer (F) Dedicated Pump (G) Other =

GROUNDWATER SAMPLING DATA (if product is detected, do NOT sample)
Bottle Type

Date

Time

Method §

[√ if used]

Sample Depth:
Preservative [circle]

Ice

Filter

pH

40 ml

HCl

YES

NO

NA

:

250, 500, 1L

(None) (HCl) (H2SO4)

YES

NO

NA

/

:

250, 500, 1L

None

YES

NO

NA

/

/

:

250, 500, 1L

HNO3

YES

NO

NA

/

/

:

250, 500, 1L

HNO3

YES

YES

NA

/

/

:

VOA Glass

/

/

:

Amber Glass

/

/

White Poly

/

Red Total Poly
Red Diss. Poly

Amount & Volume mL
3

Total Bottles (include duplicate count):

WATER QUALITY DATA
Meas.

Method

§

Purged (

Purge Start Time:
:
pH
)
Spec. Cond (µS)

Pump/Bailer Inlet Depth:
Temp °C

ORP

D/O

DTW

0

.

.

.

.

1

.

.

.

.

2

.

.

.

.

3

.

.

.

.

4

.

.

.

.

.

.

.

.

5
[Casing]

[Select A-G]

[Cumulative Totals]

[Clarity, Color]

NOTES

SAMPLER:
(PRINTED NAME)

Water Quality

(SIGNATURE)

√

APPENDIX B
LANDFILL GAS SAMPLING PLAN

APPENDIX B
LANDFILL GAS MONITORING PLAN

Landfill Gas Control
Landfill gas is a product of bacterial decomposition of organic wastes deposited in the
landfill. The gas is mostly methane and carbon dioxide with a small percentage of a
variety of other gases.
The concern over landfill gas production stems from methane's flammability when
present in concentrations of 5 to 15 percent in air. Consequently, methane concentrations
between these limits create a potential hazard for fire or explosion. In addition, landfill
gas can have a strong odor due to sulfurous compounds in the gas. Therefore control of
landfill gas may also be necessary to limit it as a neighborhood nuisance.
The gas produced in the landfill must escape either by vertical or lateral migration. Being
slightly lighter than air, methane tends to rise and exit through the landfill cover,
providing it is sufficiently permeable. However, since this path is sealed by the plastic
covering the landfill there is a greater tendency to migrate laterally. The landfill gas
recovery wells serve to control the build up of landfill gas pressures and control
subsurface lateral migration.
The control of landfill gas must meet the following requirements:
•

The concentrations of methane gas shall not exceed 25 percent of the lower
explosive limit or 1.25 percent of methane by volume in facility structures.

•

The concentration of methane gas shall not exceed 100 percent of the lower
explosive limit of 5 percent by volume at the property line.

•

Odor associated with landfill gas shall not cause a public nuisance.

Landfill Gas Monitoring
Landfill gas migration is monitored on a quarterly basis by a series of five gas monitoring
probes and two dry groundwater wells. In addition, the buildings located onsite are also
monitored.
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Landfill gas monitoring should be conducted using the gas meter to measure percent LEL,
percent oxygen and percent gas if the gas concentration is above the LEL. The gas meter
should be calibrated on a semi-annually basis using the calibrated gases stored with the
meter in the landfill office. Calibration procedures are described in the equipment manual
also stored with the meter.
The monitoring points are identified on a site plan along with the monitoring record
sheets stored with the gas meter. The following monitoring points are monitored on a
monthly basis.
•

Gas Probes GP-1, GP-2, GP-3, GP-4 & GP-5

•

RW-6

•

MW-3P

In addition, the indoor air is monitored on a monthly basis in the following buildings:
•

Transfer Station Bays

•

JO GRO Office

•

Transfer Station Office

The completed monitoring sheets are kept as part of the landfill’s operating record
maintained at the City offices.
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