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INTRODUCTION

The Olalla Landfill (Landfill) is located approximately 0.75 miles east of Highway 16 on Burley-
Olalla Road in Kitsap County, Washington. The Landfill was closed in 1989 in accordance with
the Olalla Final Closure Plan (Parametrix, Inc., 1988). Post-closure activities have consisted
primarily of quarterly monitoring and maintenance per WAC 173-304-407 (Minimum Functional
Standards for Solid Waste Handling [MFS]), “General Closure and Post Closure
Requirements” Kitsap County Board of Health Ordinance 2010-01 “Solid Waste Regulations”
and Solid Waste Handling Permits (SWHP) issued annually by the Kitsap Public Health District
(KPHD).

A Remedial Investigation/Feasibility Study (RI/FS) (Parametrix, 2014a) was performed at the
Landfill starting in May 2010 and ending May 2014 when the RI/FS was submitted to the
Washington State Department of Ecology (Ecology) and KPHD. Upon approval of the RI/FS
the Kitsap County Solid Waste Division (SWD) prepared a Cleanup Action Plan (CAP)
(Parametrix, 2014b) to summarize the RI/FS activities and present the preferred cleanup
action, which was selected based on the results of the RI/FS. Ecology and KPHD approved
the CAP in December 2014. The December 2016 Landfill monitoring event is the eighth event
performed under the approved CAP.

The preferred cleanup action, monitored natural attenuation (MNA) and land use controls, is
based on a continuation of ongoing groundwater monitoring in accordance with the SWHP.
Quarterly monitoring results will be used to evaluate the effectiveness of the cleanup action
and to verify that natural attenuation continues to occur at the Landfill. The overall
effectiveness of the cleanup action will be evaluated at 5-year intervals as part of the periodic
review process.

Specific groundwater, surface water, and landfill gas monitoring methods and procedures that
are performed under the requirements of MFS, the SWHP, and the CAP are documented in a
Compliance Monitoring Plan (CMP) (Environmental Partners, Inc., 2015). The CMP integrates
all the previously noted monitoring program requirements into one document that contains a
site-specific Sampling and Analysis Plan (SAP), Quality Assurance Plan (QAP), and Health
and Safety Plan (HASP).

This Annual Report documents the results of the fourth quarter 2016 groundwater and landfill
gas monitoring event and summarizes the results of the previous quarterly monitoring and
reporting events completed at the Landfill in 2016, in accordance with WAC 173-304-405(4),
CAP, CMP, and the 2016-2020 SWHP issued by KPHD on February 18, 2016.

Kitsap County Solid Waste Division (SWD) and Environmental Partners, Inc. (EPI) developed
the current statistical evaluation process used in this report with input and direction from KPHD
and the Washington State Department of Ecology (Ecology). KPHD and Ecology referenced
the United States Environmental Protection Agency (USEPA) 2004 Statistical Analysis of
Groundwater Monitoring Data at RCRA Facilities (Unified Guidance) (USEPA, 2004) as the
basis for evaluating appropriate statistical methods for Landfill groundwater data. The
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statistical methods used in this report are consistent with recommended methods found in the
Unified Guidance, which was updated in 2009 (USEPA, 2009).

Including this section, the 2016 Annual Monitoring Report consists of five main sections:
Introduction, Monitoring Program Description, Monitoring Results, Statistical Analysis, and
Conclusions. The Monitoring Program Description summarizes the monitoring well network
and laboratory analyses. Landfill gas field measurement data, groundwater elevations, and
groundwater analytical results are presented in the Monitoring Results section. The statistical
data evaluation methods used in this report are consistent with recommended methods found
in the Unified Guidance. Results of statistical and non-statistical evaluations of the 2016
monitoring data are summarized in the Conclusions section.
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MONITORING PROGRAM DESCRIPTION

The sampling locations, analytical parameters, and frequency of sample collection for quarterly
monitoring at the Landfill are specified in the 2016-2020 SWHP and the 2015 CMP.
Groundwater, surface water and landfill gas monitoring locations are shown in Figure 1.
Specific information pertaining to the 2016 fourth quarter monitoring event is summarized as
follows:

o EPI performed groundwater and surface water sampling activities and measured
landfill gas parameters at each of the three on-site passive landfill gas flares on
December 20-21, 2016.

e Depth to water measurements were performed at all onsite monitoring wells on
December 20, 2016. Field staff also measured the depth to water in well MW-5, which
is screened in a discontinuous shallow perched groundwater zone that is not
hydraulically connected to the uppermost aquifer beneath the Landfill.

e EPI collected groundwater samples from upgradient monitoring well MW-1 on
December 20, 2016. The generator used to power the dedicated sampling pumps
failed to re-start after MW-1 sampling was completed so it was replaced.
Downgradient monitoring wells MW-3, MW-6, MW-8, and MW-10, and cross-gradient
monitoring wells MW-5A and MW-7 were sampled on December 21, 2016.

o EPI measured landfill gas parameters at each of the three on-site passive landfill gas
flares on December 20, 2016.

o EPI staff collected a surface water sample from location SW-2 on December 20, 2016
as part of the 4™ quarter monitoring event.

¢ One set of field duplicate samples was collected from monitoring well MW-10 and was
given the identifier OL-MW-13.

o Groundwater samples were hand delivered to Analytical Resources, Inc. in Tukwila,
Washington, for sample analysis on December 22, 2016.

e Samples were analyzed within their respective holding times except laboratory
measured pH samples. The pH holding time is 15-minutes, which cannot be achieved
at the laboratory but is achieved by the field-measured pH data, which are used for the
statistical evaluations.

o Data evaluations, statistical tests, and reporting were performed by EPI in accordance
with methods described in the Unified Guidance (USEPA, 2004 [draft] and 2009 [final])
and developed with input and direction from KPHD and Ecology.

e Reporting limits for ammonia, carbonate, iron, nitrite, TOC, potassium, and zinc
changed slightly relative to historical data as a result of changing analytical
laboratories. All reporting limits are lower than regulatory standards.
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MONITORING RESULTS

Results for 2016 quarterly monitoring events consist of landfill gas composition, groundwater
elevations, calculated groundwater gradients and velocities, and groundwater quality data.
Surface water quality data were obtained during the December 2016 sampling event, which
was performed following several days of heavy precipitation. These data are summarized in
this section and in Appendix A. Quarterly monitoring field notes associated with the monitoring
events performed in 2016 are presented in Appendix B. The laboratory analytical data reports
are provided in electronic format in Attachment 1 on the CD ROM included with this report.

Landfill Gas Data

Field measurements of landfill gas were taken from the three passive flares at the Landfill on
March 24, 2016, June 21, 2016, September 21, 2016, and December 20, 2016. Landfill gas
field measurement data tables are included in Appendix A. Data from the quarterly landfill gas
monitoring events performed in 2016 are summarized in the following sections.

March 24, 2016 — First Quarter

¢ Methane was not detected in any of the flares. The calculated Lower Explosive Limit
(LEL) value is 0% for all three flares.

e Carbon dioxide concentration measurements were 0.3%, 0.1%, and 1.6% by volume
for Flares 1, 2, and 3, respectively.

e Oxygen concentration measurements were 20.3%, 20.4%, and 19.4% by volume in
Flares 1, 2, and 3, respectively.

e (Gas pressure measurements were 0.1, 0.1-0.3, and 0.48 inches of water in Flares 1, 2,
and 3, respectively. Variable winds at the time of flare monitoring affected the gas
pressure measurements.

June 21, 2016 — Second Quarter

¢ Methane was not detected in any of the flares. The calculated LEL value is 0% for all
three flares.

e Carbon dioxide concentration measurements were 3.2%, 1.3%, and 7.1% by volume
for Flares 1, 2, and 3, respectively.

e Oxygen concentration measurements were 17.8%, 16.2%, and 12.5% by volume in
Flares 1, 2, and 3, respectively.

e (Gas pressure measurements were 0.01, 0.01, and 0.00 inches of water in Flares 1, 2,

and 3, respectively. Variable winds at the time of flare monitoring affected the gas
pressure measurements.
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September 21, 2016 — Third Quarter

¢ Methane was detected in Flares 1, 2, and 3 at concentrations of 0.3%, 0.3%, and 0.1%
by volume, respectively. Calculated LEL values for Flares 1, 2, and 3 are 6%, 6%, and
2%, respectively.

e Carbon dioxide concentration measurements were 0.8%, 6.9%, and 8.1% by volume
for Flares 1, 2, and 3, respectively.

e Oxygen concentration measurements were 17.4%, 10.2%, and 6.8% by volume in
Flares 1, 2, and 3, respectively.

e Gas pressure measurements were 0.00 inches of water in all three flares indicating no
flow from the flares during the monitoring event.

December 20, 2016 — Fourth Quarter

¢ Methane was not detected in any of the flares. The calculated LEL value is 0% for all
three flares.

e Oxygen concentration measurements were 23.0%, 23.1%, and 22.9% by volume in
Flares 1, 2, and 3, respectively.

e Carbon dioxide concentration measurements were 0.1%, 0.1%, and 0.2% by volume in
Flares 1, 2, and 3, respectively.

e (Gas pressure measurements were 0.00 to 0.05, 0.00 to 0.04, and 0.02 inches of water
in Flares 1, 2, and 3, respectively. Variable winds at the time of flare monitoring
affected the gas pressure measurements.

Groundwater Elevation, Flow Direction, Gradient, and Velocity

All monitoring wells installed at the Landfill, except for MW-5, are screened in a laterally
continuous sand and gravel unit that has been interpreted as belonging to the same aquifer
unit (Parametrix, Inc., 1988). Monitoring well MW-5 is screened in a shallow perched
groundwater zone. Replacement monitoring well MW-5A was drilled at a nearby location to
MW-5 and is screened in the same aquifer as the other monitoring wells at the Landfill.

The Permit and CAP do not require water level or water quality data to be collected from MW-
5 as part of the monitoring program for the Landfill because the shallow perched groundwater
zone that MW-5 is completed in is not hydraulically connected to the uppermost continuous
aquifer in which the other Landfill monitoring wells are completed. However, SWD has elected
to measure the depth to water in MW-5 as additional information. Depth to water
measurements for MW-5 are included in the field notes presented in Appendix B.

The Permit and CAP specify annual monitoring of cross-gradient monitoring wells MW-5A and
MW-7. As requested by the SWD, quarterly groundwater level measurements are made at
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MW-5A and MW-7 to provide a more comprehensive data set for the groundwater elevation
contour map and the groundwater elevation hydrograph.

The groundwater flow direction beneath the Landfill during the December 2016 monitoring
event was generally toward the northwest as depicted in Figure 2. Based on the groundwater
elevation contours the groundwater flow direction at the Landfill is toward the northwest, with
potentially a western component near MW-3 and MW-10, as demonstrated by the quarterly
groundwater elevation contour maps for all four quarters of 2016, which are presented in
Appendix A. Groundwater elevation contour pattern and flow directions have been consistent
throughout all four seasons and over many years of water level measurements.

The four quarters of groundwater flow direction figures for the Landfill are consistent with
historical groundwater flow direction maps. The groundwater flow direction maps demonstrate
that well MW-1 is consistently upgradient of the Landfill, wells MW-3, MW-6, MW-8, and MW-
10 are downgradient of the Landfill, and wells MW-5A and MW-7 are consistently cross-
gradient to the Landfill. Historically MW-7 was classified as a downgradient monitoring well
but was reclassified as a cross-gradient well in 2013 based on consistent historical
groundwater flow directions.

Groundwater elevation data from 1991 through the fourth quarter of 2016 for each of the on-
site MFS monitoring wells (except MW-5) are plotted and shown on the water level elevation
time-series graph in Appendix A.

December 2016 groundwater elevation data were mixed relative to the December 2015
groundwater elevation data. Water level elevations were higher in 2016 in five of the nine
wells ranging in magnitude from 1.42 feet higher in cross-gradient well MW-7 to 3.91 feet
higher in upgradient well MW-1. Water level elevations were lower in 2016 in four of the nine
wells ranging in magnitude from 0.15 feet lower in downgradient well MW-3 to 1.96 feet lower
in downgradient well MW-8.

Precipitation data from the Bremerton Washington Airport Weather Station indicate that during
water year 2016 (November 2015 to October 2016) the area near the Landfill received 81.54'
inches of precipitation, which is significantly greater than the 59.83 inches of precipitation for
water year 2015 (Weather Underground, 2017).

Groundwater flow rates based on the quarterly groundwater elevation contour maps have
been calculated based on a modified form of Darcy’s Law:

V =Kl/n

Where: V = average linear velocity (L/T)
K = hydraulic conductivity (L/T)
| = hydraulic gradient (L/L [dimensionless])
n = effective porosity (percent expressed as a decimal)

! Likely erroneous precipitation value of 10.00 inches for March 25, 2016 was removed from data set for 2016
water year.
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The hydraulic conductivity “K” of the aquifer was calculated from the results of single well
aquifer tests (slug tests) performed in monitoring wells MW-1, MW-2, MW-3, and MW-4. The
range of values obtained from these tests indicated that the hydraulic conductivity of the
uppermost aquifer at the Landfill is approximately 7 x 10 to 3 x 102 cm/sec, with an average
value of 2.2 x 102 cm/sec (62.4 feet/day) (Parametrix, Inc., 1988). This value correlates well
with the hydraulic conductivity values calculated using the Hazen equation for soil samples
from MW-8 and MW-10, which were 1.2 x 102 cm/sec (34 feet/day) and 1.4 x 10 cm/sec (40
feet/day), respectively. The single well aquifer test hydraulic conductivity value of 2.2 x 107
cm/sec is used for groundwater velocity calculations.

The hydraulic gradient “I” of the aquifer is calculated from groundwater elevation contour maps
presented in Appendix A. Average hydraulic gradients calculated for the four quarterly events
at the Landfill range from 0.0130 in December 2016 to 0.0176 in September 2016.

The effective porosity “n” of the aquifer is estimated to be 0.40, which is a typical value for fine
to medium-grained sand (Freeze and Cherry, 1979).

The resulting groundwater flow velocities “V” calculated from 2016 quarterly data range from
2.03 ft./day in December 2016 to 2.74 ft./day in September 2016. The calculated groundwater
gradients and flow velocities are summarized in Table 1.

Table 1
2016 Olalla Landfill Calculated Groundwater Flow Velocities
Calculated Hydraulic Calculated Groundwater

Measurement Date Gradient, (L/L) Flow Velocity (ft./day)

March 24, 2016 0.0138 2.15

June 21, 2016 0.0170 2.65
September 21, 2016 0.0176 2.74
December 20, 2016 0.0130 2.03

Surface Water Quality Data

Section 1V.D.3.a of the KPHD-issued 2016-2020 SWHP for the Landfill states that surface
water samples shall be collected at location SW-2 (see Figure 1) between January and March
or between November and December if there is sufficient water for a sample.

Surface water station SW-2 had sufficient water flow to sample during the December 20, 2016
sampling event due to heavy rains in the days preceding the sampling event. A surface water
sample was collected and analyzed from station SW-2 during the December 2016 sampling
event.

A summary of surface water quality data is presented in Appendix A. Analytical results

(laboratory data sheets) are presented as an electronic file (a PDF file) in Attachment 1 of the
CD ROM for this report to reduce the amount of paper required to produce this report.
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Groundwater Quality Data

A summary of the groundwater quality data for 2016 is presented in Appendix A. Laboratory
data sheets for all field samples, duplicates, and laboratory quality control samples reported by
ARI are presented as an electronic file in Attachment 1 of the CD ROM for this report.

Exceedances of Primary Regulatory Standards
Constituent  concentrations in  groundwater that exceeded Washington State

Drinking Water Primary Standards (WAC 246-290-310) or Washington State Groundwater
Primary Standards (WAC 173-300-040) are summarized in Table 2.

Table 2
2016 Water Quality Constituent Concentrations
Exceeding Washington State Primary Standards

Drinking Groundwater

Standards® | Standards®

Constituent Water Quality March | June | September | December

MW-1 (upgradient)

Arsenic | 10upgll | 005pgL | 009 | 009 | o010 | 0.10
MW-3 (downgradient)

Arsenic | 10pgL | 005ugl | 010 | 008 | o012 | 0.0
MW-5A (cross-gradient)

Arsenic | 10pgll | 005pg. | NA | NA | NA | 021
MW-6 (downgradient)

Arsenic 10 pg/L 0.05 pg/L 0.90 0.81 1.21 1.20
Arsenic FD 10 pg/L 0.05 pg/L 0.80 0.78

MW-7 (cross-gradient)

Arsenic 10 pg/L 0.05 pg/L NA NA NA 0.43
MW-8 (downgradient)

Arsenic 10 pg/L 0.05 pg/L 2.20 1.89 1.74 2.71
Arsenic FD 10 ug/L 0.05 pg/L 1.77

Vinyl Chloride 2 ug/L 0.02 pg/L 0.035 0.036 0.071
Vinyl Chloride FD 2 ug/L 0.02 pg/L 0.033

MW-10 (downgradient)

Arsenic 10 pg/L 0.05 pg/L 0.90 1.57 1.82 1.72
Arsenic FD 10 pg/L 0.05 pg/L 1.67
Notes:

Values are reported in the same units as the regulatory standards
FD = Field Duplicate

NA = Not Analyzed per the SWHP

* WAC 246-290-310

® WAC 173-200-040
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Exceedances of Secondary Regulatory Standards

Constituent
Drinking Water

concentrations
Secondary Standards

in  groundwater

that

exceeded

Washington
(WAC 246-290-310) and Washington State
Groundwater Secondary Standards (WAC 173-300-040) are summarized in Table 3.

State

Table 3
2016 Water Quality Constituent Concentrations
Exceeding Washington State Secondary Standards

Drinking Groundwater
Constituent Water Quality March | June | September | December
Standards® | Standards”
MW-1 (upgradient)
pH (field) -- 6.5-85 5.8 6.3
pH (lab) -- 6.5-8.5 6.2 6.4
MW-3 (downgradient)
Manganese 50 ug/L 50 ug/L 2,430 | 2,460 6,820 6,610
pH (field) -- 6.5-85 6.4 5.7 6.1 6.3
pH (lab) -- 6.5-85 6.1 6.0 6.2
MW-5A (cross-gradient)
MW-6 (downgradient)
Iron 300 pg/L 300 pg/L 800 1,300 734
Iron FD 300 pg/L 300 pg/L 810
Manganese 50 ug/L 50 pg/L 430 645 594 488
Manganese FD 50 pg/L 50 ug/L 405 634
pH (field) -- 6.5-85 6.4
pH (lab) -- 6.5-8.5 6.4
MW-7 (cross-gradient)
MW-8 (downgradient)
Iron 300 pg/L 300 pg/L 320 1,080
Manganese 50 pg/L 50 pg/L 350 3,590 3,020 3,150
Manganese FD 50 pg/L 50 ug/L 2,980
pH (field) -- 6.5-85 6.2
MW-10 (downgradient)
Manganese 50 ug/L 50 pg/L 5,440 | 6,470 4,370 4,120
Manganese FD 50 pg/L 50 pg/L 4,180
pH (field) -- 6.5-85 6.4 6.2
pH (lab) -- 6.5-85 6.4 6.4
pH (lab) FD -- 6.5-85 6.4
Notes:

Values are reported in the same units as the regulatory standards

FD = Field Duplicate
2 WAC 246-290-310
® WAC 173-200-040
® WAC 173-201A-200
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STATISTICAL ANALYSIS

Statistical analysis of groundwater data uses four tools: Shapiro-Wilk test for normality,
confidence intervals (parametric and non-parametric), time-series plots, and the Mann-Kendall
test for trend. Application of these tools is based on statistical methods identified in the Unified
Guidance. These four statistical tools, and non-statistical evaluation tools, are applied to the
data following the process shown in Figure 3.

Statistical analyses are performed on a data set consisting of a moving window of the 20 most
recent sampling events (as one new data point is added the oldest data point is dropped). For
most wells, this is a five-year moving window of data. However, with MW-5A and MW-7 now
on an annual sampling schedule SWD has clarified this moving window of data to be defined
as 20 sampling events rather than five years of data. The moving window of 20 sampling
events provides a sufficient number of data points for adequate statistical power while focusing
the statistical evaluations on the most recent and most relevant data. Statistical analyses for
the Landfill groundwater monitoring data are performed using the following criteria:

o Dissolved metals, VOCs, conventional water quality parameters, and field parameters
required for groundwater analysis under Section IV.D.2 of the 2016-2020 SWHP for the
Landfill are presented in two sets of time-series plots and tables showing summary
results of Mann-Kendall, Shapiro-Wilk, and confidence interval tests.

o Statistical tests are not automatically performed for every constituent analyzed during
quarterly groundwater monitoring. Some constituents have not been detected in the
past 20 sampling events or have too few detected data points to support statistical
analysis. Data sets that have fewer than four detected values in the past 20 events are
not amenable to statistical evaluations. These data sets are temporarily dropped from
the statistical evaluation process until they have the minimum number of detected
values required for statistical evaluation.

¢ Non-detections are managed by assigning them a uniform value that is less than the
reporting limit for that constituent as prescribed in Section 14.4.2.2 of the Unified
Guidance. Recent guidance from the United States Geological Survey (USGS, 2008)
suggests that censoring values that are less than the detection limit (non-detects)
provides more accurate statistical results compared to substituting a value, commonly
one half of the reporting limit. SWD assigns a value of zero to non-detected results as
recommended by the USGS and KPHD. Estimated (J-qualified) results are reported as
individual values as recommended by the USGS.

e VOC detections may include values at concentrations less than laboratory specified
reporting limits (i.e., qualified with a J), but do not include values where the constituent
was also detected in the method blank (i.e., values qualified with a B).

e Beginning in 2012, wells MW-5A and MW-7 are sampled at a reduced (annual)
frequency and for a reduced list of constituents relative to the other Olalla Landfill
monitoring wells. Thus, the statistical evaluations at MW-5A and MW-7 ended in 2012
for some constituents that were no longer analyzed but will continue at a reduced
frequency for other constituents.

The following subsections briefly describe the tools used in the statistical evaluation and
summarize analytical results for 2016.
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Time—-Series Plots

Time-series plots are used to compare field measurements or analytical results from a well or
a set of wells over time. The plots provide a convenient graphical means of delineating
seasonal trends and large differences in concentration between upgradient and downgradient
wells, and can be used to readily identify data that exceed regulatory levels. Time-series plots
are presented by constituent for upgradient well MW-1, cross-gradient wells MW-5A and MW-
7, and downgradient wells MW-3, MW-6, MW-8, and MW-10.

Historical data are presented as two time-series plots for each constituent. The first time-
series plot for each constituent presents all quarterly data dating to 1992, when groundwater
monitoring was initiated at the Landfill. This time-series plot is useful to graphically
demonstrate that groundwater quality has improved over time. Because MW-8 and MW-10
are relatively new (installed in 2010) their data sets are smaller than for other wells in the full
time-series plots. The second time-series plot for each constituent presents a moving five-year
window of data providing a greater level of detail for more recent data that might not be readily
seen at the scale required for time-series plots that graph all historical results.

The moving 20 event window of data adds new data with each successive quarter and drops
data from the oldest quarter to maintain a consistent sample population of the most current 20
data points. Using the 20 most current data points corresponds to the same data set used in
the other statistical analyses. Full and recent (20-event window) time-series plots are
presented in Appendix C.

Applicable Washington State drinking water and groundwater regulatory levels are shown
graphically on each time-series plot when possible. Some constituents have regulatory levels
that are significantly greater than concentrations detected in groundwater samples from the
Landfill and those regulatory levels might not be visible at the scale of the time-series plots.
Increasing the Y-axis scale to accommodate the applicable regulatory level would compress
the analytical data resulting in a loss of detail on the time-series plots.

Mann-Kendall Trend Test

The Mann-Kendall trend test is a non-parametric statistical method recommended in the
Unified Guidance for sites in the compliance assessment and corrective action monitoring
phases and is appropriately paired with time-series plots. For this report, the Mann-Kendall
trend test is used to determine if upward or downward data trends graphically presented in
time-series plots are statistically significant. The Mann-Kendall test is applied to the same
five-year moving window of data described in the Time-Series Plots section. December 2016
Mann-Kendall Trend Test results are presented in Table 4 and are summarized in the
following bullets. Tabulated Mann-Kendall trend test results for all four quarters of 2016 are
presented in Appendix C.

As described in the 2016-2020 SWHP, cross-gradient wells MW-5A and MW-7 are sampled
annually for a reduced list of constituents relative to the other Olalla Landfill monitoring wells.
The SWHP also specifies the fourth quarter monitoring event as the annual monitoring event
during which MW-5A and MW-7 are sampled for the reduced list of constituents included in
Table 4.
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Table 4: December 2016 Mann-Kendall Statistically Significant Trend
Test Results

Constituent or MW-1 MW-3 MW-5A MW-6 MW-7 MW-8 MW-10
Parameter
Ammonia (N) NO TREND | NO TREND NA NO TREND NA NO TREND | NO TREND
Arsenic - Dissolved | NO TREND | NO TREND | NO TREND uP NO TREND uP DOWN
Barium - Dissolved uP NO TREND NA NO TREND NA NO TREND | NO TREND
Bicarbonate NO TREND | NO TREND NA NO TREND NA NO TREND | NO TREND
Calcium uP NO TREND NA NO TREND NA NO TREND | NO TREND
Carbonate NO TREND | NO TREND NA NO TREND NA NO TREND | NO TREND
coD NO TREND | NO TREND NA NO TREND NA NO TREND | NO TREND
Chloride uP uP NA NO TREND NA NO TREND | DOWN
Dissolved Oxygen | NO TREND uP NO TREND uP NO TREND uP uP
Iron - Dissolved NO TREND | NO TREND | NO TREND | NO TREND | NO TREND | NO TREND | NO TREND
'I\Dﬂiaszgi';%se . NO TREND uP NO TREND | NO TREND | NO TREND | NO TREND | NO TREND
Nitrate NO TREND | NO TREND NA NO TREND NA NO TREND | NO TREND
Nitrite NO TREND | NO TREND NA NO TREND NA DOWN | NO TREND
Oxidation ~ | NO TREND | NO TREND | NO TREND | NO TREND | NO TREND | NO TREND | NO TREND
Reduction Potential
pH - Field NO TREND | NO TREND | NO TREND | NO TREND | NO TREND | NO TREND | NO TREND
pH - Laboratory NO TREND | NOTREND | DOWN |NOTREND| DOWN [NOTREND | DOWN
Potassium NO TREND | NO TREND NA NO TREND NA NO TREND | NO TREND
Sodium uP NO TREND NA NO TREND NA NO TREND | NO TREND
Specific NO TREND | NO TREND | NO TREND | NO TREND | DOWN | NO TREND | NO TREND
Conductance
Sulfate NO TREND | NO TREND NA NO TREND NA NO TREND | NO TREND
Temperature DOWN DOWN DOWN DOWN |[NOTREND | DOWN DOWN
Total Coliform DOWN | NO TREND NA NO TREND NA NO TREND | NO TREND
TOC NO TREND | NO TREND NA NO TREND NA NO TREND | NO TREND
Vinyl Chloride NO TREND | NO TREND [ NOTREND | DOWN | NO TREND [ NOTREND | DOWN
Zinc - Dissolved NO TREND | NO TREND NA NO TREND NA NO TREND | NO TREND
NO TREND = No statistically significant trend.
UP = Statistically significant upward trend.
DOWN = Statistically significant downward trend.
NA = Not analyzed per the SWHP
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o Sixteen well-constituent combinations have statistically significant downward
concentration trends. The 16 downward well-constituent combination trends are:

Arsenic: MW-10

Chloride: MW-10

Nitrite: MW-8

pH (laboratory): MW-5A, MW-7, and MW-10

Specific Conductance: MW-7

Temperature: MW-1, MW-3, MW-5A, MW-6, MW-8, and MW-10
Total Coliform: MW-1

Vinyl Chloride: MW-6 and MW-10

O 0O O O O O O O

o Two of the 16 well-constituent combinations with statistically significant downward
concentration trends also have regulatory standard exceedances in December 2016
data. The two well-constituent combinations are arsenic and pH (laboratory) at MW-
10.

o Twelve well-constituent combinations have statistically significant upward
concentration trends. The 12 upward well-constituent combination trends are:

Arsenic: MW-6 and MW-8

Barium: MW-1

Calcium: MW-1

Chloride: MW-1 and MW-3

Dissolved Oxygen: MW-3, MW-6, MW-8, and MW-10
Manganese: MW-3

o Sodium: MW-1

O O O O O O

o Four of the 12 statistically significant upward concentration trends are for constituents
in the data set from upgradient well MW-1. Those constituents are: barium, calcium,
chloride, and sodium.

e Three of the 12 well constituent combinations with statistically significant upward
concentration trends also have regulatory standard exceedances in December 2016
data. The three well-constituent combinations are arsenic at MW-6 and MW-8 and
manganese at MW-3.

e There are 147 well-constituent combinations that have no statistically significant
concentration trend or the constituents are no longer analyzed in wells MW-5A and
MW-7 per the SWHP. Of these 147 well-constituent combinations with no statistically
significant trends samples from the wells listed in the following bullets exceed
regulatory levels.

o Arsenic in samples from MW-1, MW-3, MW-5A, and MW-7 exceed the
Washington State Groundwater Primary Standard of 0.05 ug/L.

o lron in the samples from MW-6 and MW-8 exceed the Washington State
Groundwater and Drinking Water Secondary Standards of 300 pg/L.
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o Manganese in samples from MW-6, MW-8, MW-10, and MW-13 (field
duplicate of MW-10) respectively, exceed the Washington State
Groundwater and Drinking Water Secondary Standards of 50 pg/L.

o Field-measured pH in purge water from well MW-3 is lower than the low
value of the Washington State Groundwater Secondary Standard range of
6.5 to 8.5.

o Laboratory-measured pH values in the samples from MW-1 and MW-3 are
lower than the low value of the Washington State Secondary Groundwater
Standard range of 6.5 to 8.5.

Shapiro-Wilk Test for Normality

The Shapiro-Wilk Test for Normality is a method recommended in the Unified Guidance for
evaluating if data sets are normally distributed. The Shapiro-Wilk Test for Normality is applied
annually to the five-year moving window of analytical data for each well-constituent pair that
has enough data points to apply this statistical method. Shapiro-Wilk results for the December
2016 monitoring event are summarized in Table 5 and in the following bullets. Shapiro-Wilk
result summary tables for all four quarters of 2016 are presented in Appendix C.

As described in the Mann-Kendall Trend Test section, MW-5A and MW-7 are sampled at a
reduced frequency (annually) and for a reduced list of constituents relative to the other Olalla
Landfill monitoring wells and the Shapiro-Wilk statistical evaluations of the reduced list of
constituents are included in Table 5.

There are 175 well-constituent combinations presented in Table 5.

o Sixty-two well-constituent combinations had fewer than four detections and could not
be tested for normality or the constituents are no longer analyzed in wells MW-5A and
MW-7 per the SWHP; the remaining 113 well-constituent combinations were tested for
normality.

¢ Normal data distributions were noted in 61 of the 113 well-constituent combinations
that were tested for normality.

e Non-normal data distributions were noted in 52 of the 113 well-constituent
combinations tested for normality.

Data that are normally distributed are evaluated using the 95% confidence interval around the
mean (a parametric statistical test). Data that are not normally distributed are adjusted by log-
normal transformation prior to being evaluated using the 95% confidence interval around the
median (a non-parametric statistical test).
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Table 5: December 2016 Shapiro-Wilk Test for Normality Results

Constituent or

Parameter MW-1 MW-3 MW-5A MwW-6 MW-7 MW-8 MW-10
Ammonia (N) Non-Normal | Non-Normal NA Non-Normal NA Normal Non-Normal
Arsenic - Dissolved Non-Normal | Non-Normal | Non-Normal Normal Normal Non-Normal Normal
Barium - Dissolved Non-Normal Normal NA Normal NA Normal Normal
Bicarbonate Normal Non-Normal NA Normal NA Normal Normal
Calcium Normal Normal NA Normal NA Normal Normal
Carbonate ND ND NA ND NA ND ND
COoD ND ND NA ND NA ND Non-Normal
Chloride Non-Normal | Non-Normal NA Non-Normal NA Non-Normal Normal
Dissolved Oxygen Normal Non-Normal Normal Non-Normal Normal Non-Normal | Non-Normal
Iron - Dissolved ND ND ND Normal ND Non-Normal ND
Manganese - Dissolved ND Normal ND Normal ND Normal Normal
Nitrate Normal Non-Normal NA Non-Normal NA Non-Normal | Non-Normal
Nitrite Non-Normal ND NA Non-Normal NA Non-Normal | Non-Normal
Sg{ii:::F-Reduction Non-Normal Normal Normal Non-Normal Normal Non-Normal | Non-Normal
pH - Field Normal Normal Non-Normal Normal Normal Non-Normal Normal
pH - Laboratory Normal Normal Normal Normal Normal Normal Normal
Potassium Non-Normal | Non-Normal NA Non-Normal NA Non-Normal | Non-Normal
Sodium Normal Normal NA Normal NA Normal Normal
Specific Conductance Non-Normal Normal Non-Normal Normal Non-Normal | Non-Normal Normal
Sulfate Normal Normal NA Non-Normal NA Normal Non-Normal
Temperature Normal Normal Normal Normal Normal Normal Non-Normal
Total Coliform Non-Normal ND NA ND NA ND ND
TOC ND Normal NA Normal NA Non-Normal | Non-Normal
Vinyl Chloride ND ND ND Non-Normal ND Non-Normal | Non-Normal
Zinc - Dissolved ND ND NA ND NA ND ND

Notes:

ND = Data set has four or fewer quarters with detects and statistical tests cannot be performed.
NA = Not analyzed per the SWHP
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Confidence Interval

The statistical test for confidence interval is recommended in the Unified Guidance and is
appropriate for compliance assessment and corrective action monitoring phases. In addition,
evaluation of the confidence interval is appropriate when analytical data are compared to a
fixed limit such as a regulatory standard. Confidence intervals are a common and statistically
defensible way to assess compliance with a fixed numerical limit.

A moving 20 event window of data was evaluated for the 95% confidence interval for each
well-constituent pair that had enough data points to apply this statistical method. The moving
20 event window of data adds a new data point with each successive quarter and drops the
data from the oldest quarter to maintain a consistent sample population of the most current 20
events of data.

Confidence interval results for December 2016 are compared to Washington State Drinking
Water and Groundwater Quality Standards and are summarized in Table 6. Confidence
interval summaries for all four quarters of 2016 are presented in Appendix C. Exceedance of
a regulatory standard is triggered when the lower 95% confidence interval is greater than the
regulatory standard. Exceedances are highlighted in red on Table 6. Successful remediation
is attained if the upper 95% confidence limit does not exceed the regulatory standard, which is
highlighted in green on Table 6. In some cases, the upper 95% confidence interval exceeds
the regulatory standard but the lower 95% confidence interval does not. This condition is not
an exceedance but should be monitored for changes and is highlighted in yellow on Table 6.

Observations regarding the 95% confidence interval results are summarized in the following
bullets:

o Sixty-three of the well-constituent combinations evaluated had an insufficient number
of detections in the moving five-year window of data to perform the statistical analysis
or the constituents are no longer analyzed in wells MW-5A and MW-7 per the SWHP.
These well-constituent combinations were not evaluated statistically and are
represented as ND (not detected) or NA (not analyzed) in Table 6.

e Confidence intervals were evaluated for remaining 112 well-constituent combinations.
e Eighty-eight of the well-constituent combinations that were statistically evaluated had

95% confidence intervals that did not exceed applicable regulatory standards or have
no applicable regulatory standards.
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Table 6: December 2016 Results of 95% Confidence Interval Evaluations

Constituent or MW-1 MW-3 MW-5A MW-6 MW-7 MW-8 MW-10 Regulatory Basis for
Parameter Level Comparison
Ammonia (N) ND to 40 ND to 40 NA ND to 40 NA 36 to 88 22 to 83 None
. . Primary GW
Arsenic - Dissolved 0.05 ug/L Standard
. . Primary GW
Bicarbonate (mg of 36.61044.4/962t0133| NA  [101t0139 | NA  |84.9t0108|142t0165 | None
CaCO4l)
. 10,512to | 38,618to 25,452 to 18,746to | 35,174 to
Calcium 11,407 | 47,056 NA 33,729 NA 23,542 | 40,003 None
Carbonate (mg of
ND ND NA ND NA ND ND N
CaCoOyL) one
COD ND ND NA ND NA ND NDto 11.4 None
. Secondary GW and
Chloride 250,000 ug/L DW Standard
Dissolved Oxygen (mg/L)| 9.6 t0 10.3 | 0.0to 11.6 |8.93 to 10.7(0.00 t0 0.43|6.45t0 9.68| 0.0t0 17.3 | 0.0 to .47 None
. Secondary GW and
Iron - Dissolved ND to 471 300 pg/L DW Standard
. Secondary GW and
Manganese - Dissolved 50 pg/L DW Standard
. Primary GW and
Nitrate 10,0019 | b Standard
. Primary DW
Nitrite 1,000 pgll Standard
Sg‘t'gf]‘::gln'Red“Ct'O” 11610 186 | 12710211 | 10110155 | 111038 | 8210133 | 32.8t054 |73t0134.9|  None
pH - Field 6.4t06.6 | 6.5t06.7 64t06.6 | 65-85 Secondary GW
Standard
Secondary GW
pH - Laboratory 6.5-8.5 Standard
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Table 6: December 2016 Results of 95% Confidence Interval Evaluations

Constituent or MW-1 MW-3 MW-5A MW-6 MW-7 MW-8 MW-10 Regulatory Basis for
Parameter Level Comparison
Potassium NDto710 [NDto1030|  NA 1?2250 NA  [900to 1080|984 to 1210/  None
i Secondary DW
Sodium 20,000 pg/L Standard
Specific Conductance 700 Secondary DW
(Mmhos/cm) pmhos/cm Standard
Secondary GW and
Sulfate 250,000 pg/L DW Standard
Temperature (°C) 11.3t012.6(12.0t0 12.8|12.5t0 13.5|/11.810 12.7]{10.9 t0 12.0({11.2t0 12.1| 11.6 to 12.3 None
. Primary GW and
Total Coliform (count) ND to 1 1/100mL DW Standard
2,254 to 1,659 to 2,830 to
TOC ND 5905 NA 5 042 NA ND to 1,000 3.260 None
. . Primary GW
Vinyl Chloride ND to 0.02 ND to 0.04 | ND to 0.03 | 0.02 ug/L Standard
. . Secondary GW and
Zinc - Dissolved 5,000 pg/L DW Standard

Notes:

All concentrations reported as pg/L unless otherwise noted.
= Not analyzed per the SWHP
= Data all non-detects or 4 or fewer detections

NA
ND

= 95% Lower Cl Exceeds Regulatory Level (Exceedence)

= 95% Upper Cl Exceeds Regulatory Level but Lower Cl Does Not (No Exceedence, No Compliance)
= 95% Upper Cl Does not Exceed Regulatory Level (No Exceedence)
= No Regulatory Level

Normally Distributed Data - Parametric Confidence Interval - Data not Transformed
Non-Normally Distributed Data - Non-Parametric Confidence Interval - Log Base-10 Transformed Data

Non-Detects treated as 0
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o Fifteen of the well-constituent combinations that were statistically evaluated had lower
95% confidence intervals that were greater than applicable regulatory levels (are
exceedances). The exceedances are highlighted red in Table 6 and are summarized
in the following bullets:

Arsenic: MW-1, MW-3, MW-5A, MW-6, MW-7, MW-8, and MW-10
Iron: MW-6

Manganese: MW-3, MW-6, MW-8, and MW-10

pH (field): MW-1 and MW-3

pH (laboratory): MW-3

O O O O O

o Eight well-constituent combinations have upper 95% confidence intervals that were
greater than (less than in the case of pH) applicable regulatory levels but have lower
95% confidence intervals that are less than applicable regulatory levels. These are not
statistical exceedances but they should be monitored for changes. The well-
constituent combinations are highlighted yellow in Table 6 and are summarized in the
following bullets:

Iron: MW-8

pH (field): MW-5A, MW-6, and MW-10
Total Coliform: MW-1

Vinyl Chloride: MW-6, MW-8, and MW-10

O O O O
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CONCLUSIONS

Quarterly monitoring data collected during 2016 at the Olalla Landfill are summarized in the
following sections.

Landfill Gas Data

Landfill gas field measurements were performed at the three onsite passive flares during the
four quarterly monitoring events in 2016. Landfill gas data for all four quarterly monitoring
events are included in Appendix A and are summarized in the following sections.

March 24, 2016 - First Quarter

None of the three flares had measurable concentrations of methane; however, Flare 1 and
Flare 2 had trace concentrations of carbon dioxide and Flare 3 had a carbon dioxide
concentration of 1.6 % by volume. In addition, Flare 3 had a slightly depleted oxygen
concentration, indicating an influence of the biodegradation of organics.

Gas pressure measurements ranged from 0.1 to 0.48 inches of water, which was likely
affected by windy conditions at the time of measurement. These low-pressure readings
indicate a low potential for landfill gas flow from the flares.

Weather station data from the Bremerton Airport (Station KPWT) indicate that mean
barometric pressure decreased slightly from a high of 30.3 inches of mercury on March 23,
2016 to 30.14 inches of mercury on March 24, 2016, the day that the flares were measured
(source Weather Underground, 2016). The decreasing barometric pressure just prior to and
during the March 24, 2016 measurement event likely caused subsurface landfill gas, which
was in equilibrium with previous higher barometric pressure, to flow from the subsurface into
the flares resulting in the measured presence of landfill gas indicators.

June 21, 2016 - Second Quarter

None of the three flares had measurable concentrations of methane; however, all three flares
had depressed oxygen concentrations and measurable concentrations of carbon dioxide
indicating an influence of the biodegradation of organics.

Gas pressure measurements ranged from 0.0 to 0.01 inches of water. These zero to low
pressure readings indicate a low potential for landfill gas flow from the flares.

Weather station data from the Bremerton Airport (Station KPWT) indicate that barometric
pressure increased slightly from of 30.19 inches of mercury on June 20, 2016 to 30.26 inches
of mercury on June 21, 2016, the day that the flares were measured (source Weather
Underground, 2016). This increase in barometric pressure likely contributed to the zero to
very low pressure measurements noted in all three flares.
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September 21, 2016 - Third Quarter

Methane was detected in all three flares at concentrations ranging from 1.7% to 8.9% by
volume. The presence of methane in combination with depressed oxygen concentrations,
ranging from 0.0% to 10.5%, and elevated carbon dioxide concentrations, ranging from 3.6%
to 14.3%, indicate the presence of landfill gas in all three flares.

Gas pressure measurements ranged from 0.0 to 0.03 inches of water. The low gas pressure
readings indicate a low potential for landfill gas flow from the flares.

Weather station data from the Bremerton Airport (Station KPWT) indicate that barometric
pressure decreased from of 30.16 inches of mercury on September 20, 2016 to 30.07 inches
of mercury on September 21, 2016, the day that the flares were measured (source Weather
Underground, 2016). This decrease in barometric pressure likely contributed to the presence
of landfill gas indicators that were noted in all three flares.

December 20, 2016 - Fourth Quarter

None of the three flares had measurable concentrations of methane or depleted oxygen
concentrations. However, all three flares had trace concentrations of carbon dioxide. which
could indicate a minor influence of the biodegradation of organics.

Gas pressure measurements ranged from 0.00 to 0.05 inches of water. Variable winds at the
time of flare monitoring affected the gas pressure measurements. The low gas pressure
readings indicate a low potential for landfill gas flow from the flares.

Weather station data from Bremerton Airport (Station KPWT) indicate that barometric pressure
rose from a low of 29.88 inches of mercury on December 19, 2016 to 30.52 inches of mercury
on December 20, 2016, the day that flare measurements were made (Weather Underground,
2017). The increasing barometric pressure the day of the measurement event likely
contributed to gas being retained in the subsurface at the time of the monitoring event.

Groundwater Elevation and Flow Direction Data

The groundwater flow direction beneath the Landfill is generally toward the northwest, with
groundwater from beneath the Landfill flowing toward downgradient wells MW-3, MW-6, MW-
8, and MW-10 as depicted in the quarterly groundwater elevation contour and flow direction
figures presented in Attachment A. The groundwater flow directions and elevation contour
patterns are consistent with historical groundwater elevation data from the Landfill.

The lowest calculated groundwater gradient among the four quarters of 2016 occurred in
December 20, 2016 with a horizontal gradient of 0.0130. The resulting calculated groundwater
flow velocity is 2.03 ft./day. Groundwater gradients and calculated groundwater velocities were
greatest during September 21, 2016, which had a horizontal gradient of 0.0176 and a
calculated flow velocity of 2.74 ft./day.
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Exceedances of Primary Regulatory Standards

Upgradient Well (MW-1)

Arsenic

Groundwater samples collected from MW-1 during the four quarterly monitoring events
of 2016 had arsenic concentrations ranging from 0.09 ug/L in March and June to 0.10
ug/L in September and December. Arsenic concentrations exceed the Washington
State Groundwater Primary Standard of 0.05 pg/L in samples from MW-1 during all
four quarters. Arsenic concentrations in the samples from MW-1 were significantly less
than both the Washington State Drinking Water Primary Standard of 10 pg/L and the
site-specific Cleanup Level of 1.29 ug/L.

The presence of arsenic at concentrations greater than the Washington State
Groundwater Primary Standard in samples from upgradient well MW-1 is an indication
that dissolution of naturally-occurring arsenic in soil contributes to the arsenic
concentrations noted in groundwater data from other wells at the Landfill.

Cross-Gradient Wells (MW-5A and MW-7)

Arsenic
MW-5A, MW-7

Per the SWHP and CMP, cross-gradient wells MW-5A and MW-7 were not sampled
during the first three quarterly monitoring events. Groundwater samples collected from
MW-5A and MW-7 during the December monitoring event had arsenic concentrations
of 0.21 pg/L and 0.43 png/L, respectively. These concentrations exceed the
Washington State Groundwater Primary Standard of 0.05 ug/L but are less than both
the Washington State Drinking Water Primary Standard of 10 pg/L and the site-specific
Cleanup Level of 1.29 ng/L.

The presence of arsenic at concentrations greater than the Washington State
Groundwater Primary Standard in samples from cross-gradient wells MW-5A and MW-
7 is an indication that dissolution of naturally occurring arsenic in soil contributes to the
arsenic concentrations noted in groundwater data from other wells at the Landfill.

Downgradient Wells (MW-3, MW-6, MW-8, and MW-10)

Arsenic
MW-3, MW-6, MW-8, and MW-10

Groundwater samples from downgradient monitoring wells had arsenic concentrations
exceeding the Washington State Groundwater Primary Standard of 0.05 ug/L during
the four quarterly events in 2016. None of the arsenic concentrations detected during
2016 exceed the Washington State Drinking Water Primary Standard of 10 pg/L.
Arsenic concentrations for specific wells are summarized in the following bullets:

o MW-3 had arsenic concentrations ranging from 0.08 pg/L in June to 0.12 nug/L
in September.

o MW-6 had arsenic concentrations ranging from 0.81 pg/L in June to 1.21 pg/L
in September. Arsenic concentrations in samples from MW-6 exhibit an
increasing trend as noted in Table 4.
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o MW-8 had arsenic concentrations ranging from 1.74 ng/L in September to 2.71
ug/L in December. Arsenic concentrations in samples from MW-8 exhibit an
increasing trend as noted in Table 4.

o MW-10 had arsenic concentrations ranging from 0.90 ug/L in March to 1.82
ug/L in September. Arsenic concentrations in samples from MW-10 exhibit a
decreasing trend as noted in Table 4.

Vinyl Chloride
MW-8

¢ Vinyl chloride was detected in the June, September, and December samples from MW-
8 at concentrations of 0.035 pg/L, 0.036 ug/L, and 0.071 ug/L, respectively. These
concentrations exceed the Washington State Groundwater Primary Standard of 0.02
pg/L but do not exceed the Washington State Drinking Water Primary Standard of 2.0
ug/L or the site-specific Cleanup Level of 0.29 ug/L.

e Vinyl chloride concentrations have generally declined in downgradient wells, most
notably in samples from MW-6 and MW-10 as demonstrated by the statistically
significant downward trends noted in Table 4.

¢ Vinyl chloride was not detected in samples from downgradient wells MW-3, MW-6, and
MW-10 during any of the four quarterly monitoring events of 2016.

Exceedances of Secondary Regulatory Standards

Upgradient Well (MW-1)

pH (field-measured)

e Groundwater purged from well MW-1 had field-measured pH values of 5.8 and 6.3
during the June and September monitoring events, respectively. These values are
lower than the lower limit of the 6.5 to 8.5 range for the Washington State Groundwater
Secondary Standard.

pH (laboratory-measured)

e Groundwater samples from well MW-1 had laboratory-measured pH values of 6.2 and
6.4 during the September and December monitoring events, respectively. These
values are lower than the lower limit of 6.5 for the Washington State Groundwater
Secondary Standard.

Cross-gradient Wells (MW-5A and MW-7)

There were no exceedances of the Washington State Groundwater Secondary Standards for
samples from cross-gradient wells MW-5A and MW-7.

Downgradient Wells (MW-3, MW-6, MW-8, and MW-10)

Iron
MW-6 and MW-8

¢ lronis a common constituent in landfill leachate and iron concentrations in groundwater
samples from downgradient wells MW-6 and MW-8 exceeded the Washington State
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Drinking Water Secondary Standard and Groundwater Secondary Standard of 300
ug/L during some of the quarterly monitoring events in 2016 as summarized below

o MW-6 had iron concentrations of 800 pg/L, 1,300 ug/L, and 734 nug/L for the
June, September, and December sampling events, respectively. Iron
concentrations in samples from MW-6 have generally decreased since
approximately 2000 but exhibit no statistical trend in the more recent data.

o MW-8 had iron concentrations of 320 ug/L and 1,080 ug/L during the June and
December sampling events, respectively.

Manganese
MW-3, MW-6, MW-8, and MW-10

e Manganese is a common constituent of landfill leachate and manganese
concentrations in groundwater samples from downgradient wells MW-3 MW-6, MW-8,
and MW-10 exceeded the Washington State Drinking Water Secondary Standard and
Groundwater Secondary Standard of 50 ug/L during all four quarterly monitoring events
in 2016 as summarized below.

o MW-3 had manganese concentrations ranging from 2,430 pg/L in March to
6,820 ug/L in September. Manganese concentrations in samples from MW-3
exhibit an increasing trend as noted in Table 4.

o MW-6 had manganese concentrations ranging from 430 pg/L in March to 645
ug/L in June. Manganese concentrations have generally decreased in samples
from well MW-6 since peaking in 1997 but exhibit no statistical trend in the
more recent data

o MW-8 had manganese concentrations ranging from 350 pg/L in March to 3,590
ug/L in June.

o MW-10 had manganese concentrations ranging from 4,120 ug/L in December
to 6,470 pg/L in June.

pH (field-measured)
MW-3, MW-6, MW-8, and MW-10

e Purge water from downgradient monitoring wells MW-3, MW-6, MW-8, and MW-10 had
field-measured pH values of less than the lower limit of the 6.5 to 8.5 range of the
Washington State Groundwater Secondary Standard during at least one quarterly
event in 2016 as summarized below.

o MW-3 had field-measured pH values ranging from 5.7 in June to 6.4 in March.
o MW-6 had a field-measured pH of 6.4 in June.
o MW-8 had a field-measured pH of 6.2 in June.

o MW-10 had field-measured pH values of 6.4 and 6.2 in March and June,
respectively.

Olalla Landfill 27 2016 Annual Monitoring Report



pH (laboratory-measured)
MW-3, MW-6, and MW-10

e Purge water from downgradient monitoring wells MW-3, MW-6, and MW-10 had
laboratory-measured pH values of less than the lower limit of the 6.5 to 8.5 range of the
Washington State Groundwater Secondary Standard during at least one quarterly
event in 2016 as summarized below.

e}

MW-3 had laboratory-measured pH values of 6.1, 6.0, and 6.2 in June,
September, and December, respectively.

MW-6 had a laboratory-measured pH value of 6.4 in September.

MW-10 had laboratory-measured pH values of 6.4 in September and
December. There is a statistically significant downward trend in laboratory pH
values for samples from MW-10 as noted in Table 4.

Analytical Tests for Volatile Organic Compounds

This section lists and describes detections of additional VOC constituents in groundwater
samples from the Landfill monitoring well network. The VOC detections listed in this section
are at concentrations less than applicable Washington State Drinking Water Standards or
Washington State Groundwater Quality Standards or are for VOCs that do not have applicable
groundwater standards.

e Chlorobenzene was detected in samples from MW-6 at concentrations of 1.30 pg/L, 1.60
ug/L, 1.83 ug/L, and 2.14 ug/L in March, June, September, and December, respectively.
These concentrations are significantly less than the Washington State Drinking Water
Standard of 100 pg/L. There is no Washington State Groundwater Standard for
chlorobenzene.

e cis-1,2-Dichloroethene was detected in the following samples:

e}

e}

e}

MW-3 at a concentration of 0.20 pg/L in September.

MW-8 at concentrations of 2.5 ug/L, 0.30 pg/L, 0.33 nug/L, and 0.40 pg/L in
March, June, September, and December, respectively.

MW-10 at a concentration of 0.25 ug/L in June.

These cis-1,2-dichloroethene concentrations are significantly less than the Washington State
Drinking Water Standard of 70 ug/L. There is no Washington State Groundwater Standard for
cis-1,2-dichloroethene.

Olalla Landfill

28 2016 Annual Monitoring Report



REFERENCES

Bremerton-Kitsap County Health District, 1992. Letter from Keith Grellner to Anne Bringloe,
Kitsap County Department of Public Works. December 7, 1992.

Environmental Partners, Inc. 2015. Compliance Monitoring Plan — Post Closure Monitoring
Under the Olalla Landfill Cleanup Action Plan. Prepared for Kitsap County Department of
Public Works Solid Waste Division. March 17, 2015.

Freeze and Cherry, 1979. Groundwater. Prentice-Hall, Inc., page 37, Table 2.4.

Kitsap Public Health District, 2016. 2016-2020 Solid Waste Handling Permit. February 18,
2016.

Parametrix, Inc., 1988. Olalla Landfill Final Closure Plan. Prepared for Kitsap County
Department of Public Works. Port Orchard, Washington.

Parametrix, Inc., 2014a. Olalla Landfill Remedial Investigation/Feasibility Study. Prepared for
Kitsap County Department of Public Works. May 2014.

Parametrix, Inc., 2014b. Olalla Landfill Cleanup Action Plan. Prepared for Kitsap County
Department of Public Works. December 2014.

United States Environmental Protection Agency, 2004. Statistical Analysis of Groundwater
Monitoring Data at RCRA Facilities, Unified Guidance. September 2004.

United States Geological Survey, 2008. Invasive Data — How Substituting Values for Low-
Level Trace Element Data Can Ruin Results. PowerPoint presentation by Dennis Helsel,
2008.

Washington State Department of Ecology, 1990. Groundwater Monitoring Guidance for Solid
Waste Facilities. Olympia, Washington.

Weather Underground, 2016 and 2017 www.wunderground.com. Bremerton Airport Weather
Station (KPWT).

Olalla Landfill 29 2016 Annual Monitoring Report



Appendix A:
2016 Quarterly Monitoring Data

Landfill Gas Data
Groundwater Elevations and Contour Maps
Groundwater Quality Data










































Groundwater Quality Data
September 2016 Quarterly Monitoring Event

Page 1 of 3
State State
Drinking Ground-
Water water
Standards Standards
(a) (b) Units MW-1 MW-3 MW-6 MW-8  MW-10 MW-12 (FD)

CONVENTIONALS

ALKALINITY e e mg/L 56 220 197 103 212 96

AMMONIANITROGEN = mg/L  0.040 U 0.040 U 0.042 0.044 0.077 0.048

BICARBONATE - e mg/L 56 220 197 103 212 96

CARBONATE mg/L 1.0U 1.0U 1.0U 1.0U 1.0U 1.0U

SEII\E/I’\::\ICE')AL OXYGEN . mg/L 100U 100U 11.2 100U 10.2 100U

CHLORIDE 250** 250** mg/L 3.6 34 23 22 24 22

DISSOLVED OXYGEN - - mg/L 10.68 0.10 0.02 0.01 0.01 NA

NITRATE NITROGEN 10* 10* mg/L  0.643 0.010 U 0.010 U 0.020 0.010 U 0.016

NITRITE NITROGEN 1™ mg/L  0.010U 0.010U 0.010U 0.010U 0.010U 0.010U

ORP e e mV 175 203.3 -1.9 42.2 93.9 NA

pH (field)y 6.5-8.5"*  -log H+ 6.3 6.1 6.5 6.6 6.5 NA

pH (laboratory) - 6.5-8.5*  -log H+ 6.2 6.0 6.4 6.7 6.4 6.6

SPECIFIC CONDUCTANCE 700** e umhos/cm 131 455 384 197 411 NA

SULFATE 250** 250** mg/L 3.8 20.7 10.2 4.1 16.1 3.9

TEMPERATURE - °C 11.0 12.0 11.4 11.0 11.6 NA

TOTAL COLIFORM 1/100 mL* 1/100 mL* cfu/100 mL 1U 1U 1U 1U 1U 1U

TOTAL ORGANIC CARBON - - mg/L 05U 2.9 2.0 0.7 2.6 0.7

TURBIDITY e e NTU 0.8 0.9 8.9 4.3 1.1 NA
DISSOLVED METALS

ARSENIC 10* 0.05* pg/L 0.10 0.12 1.21 1.74 1.82 1.77

BARIUM 2,000* 1,000* ug/L 5 19 17 8 16 7

CALCIUM e e mg/L 12 50 42 18 40 18

IRON 300* 300** pg/L 20U 20 U/ 1,300 202 20.5 181

MANGANESE 50** 50** pg/L 1 6,820 594 3,020 4,370 2,980

POTASSIUM e e mg/L 0.7 0.9 1.5 1.0 1.2 1.0

SODIUM 20,000 - mg/L 4.8 10.1 7.8 6.9 13.2 71

ZINC 5,000** 5,000** pg/L 40U 40U 40U 40U 40U 40U
VOLATILE ORGANIC COMPOUNDS

VINYL CHLORIDE 2* 0.02* pg/L 0.02U 0.02U 0.02U @ 0.036 0.02 U ' 0.033
Notes:

Concentration exceeds Washington State Drinking Water or Groundwater Standards

FD = Field Duplicate of MW-8 was labeled MW-12.
NA = Not Analyzed

Regulatory Standards:
(a) WAC 246-290-310
(b) WAC 173-200-040
(c) WAC 173-201A-200 - Nitrate and Nitrite Standards noted are for Class AA water. Fecal coliform standard is 100/100mL for Primary
The appropriate class of water for the detention pond has not been established.
* Primary Standard
** Secondary Standard
*** Recommended level of concern for consumers with restricted daily sodium intake.
Data Qualifiers:

U = Indicates compound was analyzed for, but not detected at the specified detection limit.
J = Estimated value - Compound positively identified, but below specified detection limit.



Groundwater Quality Data
September 2016 Quarterly Monitoring Event

Page 2 of 3
State
Drinking State
Water  Groundwater
Standards Standards

VOLATILE ORGANIC COMPOUNDS (a) (b) Units MW-1 MW-3 MW-6 MW-8 MW-10 MW-12 (FD)
1,1,1,2-TETRACHLOROETHANE ~  -—- - pg/L 02U 02U 02U 02U 02U 02U
1,1,1-TRICHLOROETHANE 200 200 ug/l 02U 02U 02U 02U 02U 02U
1,1,2,2-TETRACHLOROETHANE = - pg/L 02U 02U 02U 02U 02U 02U
1,1,2-TRICHLOROETHANE 5 e ug/l 02U 02U 02U 02U 02U 02U
1,1-DICHLOROETHANE - 1 pg/l 02U 02U 02U 02U 02U 02U
1,1-DICHLOROETHENE 7 e pg/L 02U 02U 02U 02U 02U 02U
1,1-DICHLOROPROPENE - e ug/l 02U 02U 02U 02U 02U 02U
1,2,3-TRICHLOROBENZENE ~  —- ug/l 05U 05U 05U 05U 05U 05U
1,2,3-TRICHLOROPROPANE == - pg/L 05U 05U 05U 05U 05U 05U
1,2,4-TRICHLOROBENZENE 70 pg/l 05U 05U 05U 05U 05U 05U
1,2,4-TRIMETHYLBENZENE ~ —- - pg/l 02U 02U 02U 02U 02U 02U
1,2-DIBROMO-3-CHLOROPROPANE - - pg/L 05U 05U 05U 05U 05U 05U
1,2-DICHLOROBENZENE 600 - ug/l 02U 02U 02U 02U 02U 02U
1,2-DICHLOROETHANE 5 0.5 pg/l 02U 02U 02U 02U 02U 02U
1,2-DICHLOROPROPANE 5 0.6 pg/L 02U 02U 02U 02U 02U 02U
1,3,5-TRIMETHYLBENZENE ~~  —- - ug/l 02U 02U 02U 02U 02U 02U
1,3-DICHLOROBENZENE - pg/l 02U 02U 02U 02U 02U 02U
1,3-DICHLOROPROPANE == o pg/L 02U 02U 02U 02U 02U 02U
1,4-DICHLOROBENZENE 75 4 ug/l 02U 02U 02U 02U 02U 02U
2,2-DICHLOROPROPANE = - pg/l 02U 02U 02U 02U 02U 02U
2-BUTANONE e e pg/L 5U 5U 5U 5U 5U 5U
2-CHLOROETHYLVINYLETHER - - ug/L 1U 1U 1U 1U 1U 1U
2-CHLOROTOLUENE e s pg/L 02U 02U 02U 02U 02U 02U
2-HEXANONE e e ug/L 5U 5U 5U 5U 5U 5U
4-CHLOROTOLUENE  om e ug/l 02U 02U 02U 02U 02U 02U
4-ISOPROPYLTOLUENE - ug/l 02U 02U 02U 02U 02U 02U
4-METHYL-2-PANTANONE = e ug/L 5U 5U 5U 5U 5U 5U
ACETONE e e ug/L 5U 5U 5U 5U 5U 5U
ACROLEN e e ug/L 5U 5U 5U 5U 5U 5U
ACRYLONITRILE e e ug/L 1U 1U 1U 1U 1U 1U
BENZENE 5 1 ug/l 02U 02U 02U 02U 02U 02U
BROMOBENZENE = e ug/l 02U 02U 02U 02U 02U 02U
BROMOCHLOROMETHANE = - pg/L 02U 02U 02U 02U 02U 02U
BROMOETHANE  m s ug/l 02U 02U 02U 02U 02U 02U
BROMOFORM 5 ug/l 02U 02U 02U 02U 02U 02U
BROMOMETHANE = o pg/L 10U 1.0U 1.0U 1.0U 1.0U 1.0U
CARBON DISULFIDE == e ug/l 02U 02U 02U 02U 02U 02U
CARBON TETRACHLORIDE 5 0.3 ug/l 02U 02U 02U 02U 02U 02U
CFC-113 e e pg/L 02U 02U 02U 02U 02U 02U
CHLOROBENZENE 100 0 ug/l 02U 02U 1.83 02U 02U 1.5
CHLOROBROMOMETHANE - - ug/l 02U 02U 02U 02U 02U 02U
CHLORODIBROMOMETHANE - - pg/L 02U 02U 02U 02U 02U 02U
CHLOROETHANE  —m s ug/l 02U 02U 02U 02U 02U 02U
CHLOROFORM 7 ug/l 02U 02U 02U 02U 02U 02U
CHLOROMETHANE =m0 e pg/L 05U 05U 05U 05U 05U 05U

CIS-1,2-DICHLOROETHENE 70— ug/l 02U 0.20 02U 0.33 02U 0.32



Groundwater Quality Data
September 2016 Quarterly Monitoring Event
Page 3 of 3

State
Drinking State
Water  Groundwater
Standards Standards

VOLATILE ORGANIC COMPOUNDS (a) (b) Units MW-1 MW-3 MW-6 MW-8 MW-10 MW-12 (FD)
CIS-1,3-DICHLOROPROPENE - 0.2 pg/l 02U 02U 02U 02U 02U 02U
DIBROMOETHANE = e pg/L 02U 02U 02U 02U 02U 02U
DICHLOROBROMOMETHANE - 0.5 yg/l 02U 02U 02U 02U 02U 02U
ETHYLBENZENE 700 0 - pg/L 02U 02U 02U 02U 02U 02U
ETHYLENE DIBROMIDE - 0.001 pg/L 02U 02U 02U 02U 02U 02U
HEXACHLOROBUTADIENE -~ - pg/L 05U 05U 05U 05U 05U 05U
IODOMETHANE e e pg/L 1U 1U 1U 1U 1U 1U
ISOPROPYLBENZENE = - pg/L 02U 02U 02U 02U 02U 02U
METHYLENE CHLORIDE 5 5 ug/L 1U 1U 1U 1U 1U 1U
M & P-XYLENE 10 - pg/L 04U 04U 04U 04U 04U 04U
NAPHTHALENE e pg/L 05U 05U 05U 05U 05U 05U
N-BUTYLBENZENE e yg/l 02U 02U 02U 02U 02U 02U
N-PROPYLBENZENE ~  —e e pg/L 02U 02U 02U 02U 02U 02U
O-XYLENE 10 - pg/L 02U 02U 02U 02U 02U 02U
SEC-BUTYLBENZENE = e yg/l 02U 02U 02U 02U 02U 02U
STYRENE 100 - pg/L 02U 02U 02U 02U 02U 02U
TERT-BUTLYBENZENE ~~  —— - pg/L 02U 02U 02U 02U 02U 02U
TETRACHLOROETHENE 5 0.8 yg/l 02U 02U 02U 02U 02U 02U
TOLUENE 1000 - pg/L 02U 02U 02U 02U 02U 02U
TRANS-1,2-DICHLOROETHENE 100 - pg/L 02U 02U 02U 02U 02U 02U
TRANS-1,3-DICHLOROPROPENE - 0.2 yg/l 02U 02U 02U 02U 02U 02U
TRANS-1,4-DICHLORO-2-BUTENE pg/L 1U 1U 1U 1U 1U 1U
TRICHLOROETHENE 5 3 pg/L 02U 02U 02U 02U 02U 02U
TRICHLOROFLUOROMETHANE ~~ =— - yg/l 02U 02U 02U 02U 02U 02U
VINYL ACETATE pg/L 02U 02U 02U 02U 02U 02U
VINYL CHLORIDE 2 0.02 pg/L  0.02U 0.02U 0.02U 0.036 0.02 U 0.033
Notes: Concentration exceeds State Drinking Water Standards or Groundwater Standards

FD = Field Duplicate of MW-8 was labeled MW-12.

Regulatory Standards:

All regulatory standards listed for VOCs are Primary Regulatory Standards
(a) WAC 246-290-310

(b) WAC 173-200-040

Data Qualifiers:
U = Indicates compound was analyzed for but was not detected at the specified detection limit.



Groundwater Quality Data

December 2016 Quarterly Monitoring Event

Page 1 of 3
State State
Drinking Ground-
Water water
Standards Standards
(a) (b) Units MW-1  MW-3 MW-5A MW-6 MW-7 MW-8 MW-10 SW-2 MW-13 (FD)

CONVENTIONALS

ALKALINITY e e mg/L 48.1 223 102 101 180 182

AMMONIA NITROGEN = e mg/L  0.040 U 0.040 U 0.040 U 0.040 U 0.103 0.091

BICARBONATE ~ —m o mg/L 48.1 223 102 101 180 181

CARBONATE ~ —eee e mg/L 10U 10U 1.0 U 1.0 U 10 U 10U

SEEXLCDAL OXYGEN . mgl 100U 100U 100U 100U 14 100U

CHLORIDE 250** 250** mg/L 2.91 6.15 257 2.62 10.7 10.8

DISSOLVED OXYGEN - = mg/L  10.51 025 884 0.18 4.48 2.16 0.20 NA

NITRATE NITROGEN 10* 10* mg/L 141 0.020 U 0.020 0163  0.020U 0.020U 0.020 U

NITRITE NITROGEN K — mg/L  0.010 U 0.010 U 0.010 U 0.010U 0.010U 0.010U 0.010U

ORP e mv 1712 1651  157.3 4.7 115.5 328 1136 NA

pH (field) e 6.5-8.5"  -log H+ 6.5 6.3 6.7 6.7 6.8 6.7 6.5 8.1 NA

pH (laboratory) - 6.5-8.5"  -log H+ 6.4 6.2 6.7 6.6 6.7 6.6 6.4 7.2 6.4

SPECIFIC CONDUCTANCE  700** - umhos/cm 1154 4172 1456 199.4 98.9 3014  357.7 43.4 NA

SULFATE 250** 250%* mg/L 4.04 13.2 7.25 5.06 7.19 7.18

TEMPERATURE = e °C 10.8 1.7 11.6 1.9 11.0 11.4 1.7 3.8 NA

FECAL COLIFORM == e cfu/100 mL 3

TOTAL COLIFORM 1/100 mL* 1/100 mL* cfu/100 mL 1U 1U 1U 1U 1U 1U 1U 1U 1U

TOTAL ORGANIC CARBON == e mg/L 05U 251 277 1.36 2.87 3.00

TURBDITY e e NTU 1.9 0.6 0.6 35 0.6 44 15 NA
DISSOLVED METALS

ARSENIC 10* 0.05* ug/L 0.10 010  0.21 1.20 0.43 2.71 1.72 1.67

BARIUM 2,000 1,000 ug/L 30U 145 43 8.2 30U 75 10.2 11.1

CALCIUM e e mg/L 10.8 47.3 19.9 32.4 355 35.9

IRON 300** 300%* ug/L 20U 20U 20U 734 20U 1,080 20U 20U

MANGANESE 50** 50* ug/L 10U 6,610 10U 488 10U 3,150 4,120 4,180

POTASSIUM e e mg/L  0.64 0.86 1.1 1.1 1.2 1.2

SODIUM 10 b — mg/L 462 9.44 5.66 8.80 10.9 10.8

ZINC 5,000  5,000** ug/L 40U 40U 40U 40U 40U 40U
VOLATILE ORGANIC COMPOUNDS

VINYL CHLORIDE 2* 0.02* Hg/L 002U 002U 002U 002U 002U 0.071 002U 002U 002U

Notes:

Concentration exceeds Washington State Drinking Water or Groundwater Standards
FD = Field Duplicate of MW-10 was labeled MW-13.

NA = Not Analyzed

Regulatory Standards:
(a) WAC 246-290-310
(b) WAC 173-200-040

(c) WAC 173-201A-200 - Nitrate and Nitrite Standards noted are for Class AA water. Fecal coliform standard is 100/100mL for Primary Contact Recreation.
The appropriate class of water for the detention pond has not been established.

* Primary Standard
** Secondary Standard

*** Recommended level of concern for consumers with restricted daily sodium intake.

Data Qualifiers:

U = Indicates compound was analyzed for, but not detected at the specified detection limit.
J = Estimated value - Compound positively identified, but below specified detection limit.



Groundwater Quality Data
December 2016 Quarterly Monitoring Event

Page 2 of 3
State
Drinking State
Water  Groundwater
Standards Standards

VOLATILE ORGANIC COMPOUNDS (a) (b) Units MW-1 MW-3 MW-6 MW-8 MW-10 MW-13 (FD)
1,1,1,2-TETRACHLOROETHANE ~  -—- - pg/L 02U 02U 02U 02U 02U 02U
1,1,1-TRICHLOROETHANE 200 200 ug/l 02U 02U 02U 02U 02U 02U
1,1,2,2-TETRACHLOROETHANE = - pg/L 02U 02U 02U 02U 02U 02U
1,1,2-TRICHLOROETHANE 5 e ug/l 02U 02U 02U 02U 02U 02U
1,1-DICHLOROETHANE - 1 pg/l 02U 02U 02U 02U 02U 02U
1,1-DICHLOROETHENE 7 e pg/L 02U 02U 02U 02U 02U 02U
1,1-DICHLOROPROPENE - e ug/l 02U 02U 02U 02U 02U 02U
1,2,3-TRICHLOROBENZENE ~  —- ug/l 05U 05U 05U 05U 05U 05U
1,2,3-TRICHLOROPROPANE == - pg/L 05U 05U 05U 05U 05U 05U
1,2,4-TRICHLOROBENZENE 70 pg/l 05U 05U 05U 05U 05U 05U
1,2,4-TRIMETHYLBENZENE ~ —- - pg/l 02U 02U 02U 02U 02U 02U
1,2-DIBROMO-3-CHLOROPROPANE - - pg/L 05U 05U 05U 05U 05U 05U
1,2-DICHLOROBENZENE 600 - ug/l 02U 02U 02U 02U 02U 02U
1,2-DICHLOROETHANE 5 0.5 pg/l 02U 02U 02U 02U 02U 02U
1,2-DICHLOROPROPANE 5 0.6 pg/L 02U 02U 02U 02U 02U 02U
1,3,5-TRIMETHYLBENZENE ~~  —- - ug/l 02U 02U 02U 02U 02U 02U
1,3-DICHLOROBENZENE - pg/l 02U 02U 02U 02U 02U 02U
1,3-DICHLOROPROPANE == o pg/L 02U 02U 02U 02U 02U 02U
1,4-DICHLOROBENZENE 75 4 ug/l 02U 02U 02U 02U 02U 02U
2,2-DICHLOROPROPANE = - pg/l 02U 02U 02U 02U 02U 02U
2-BUTANONE e e pg/L 5U 5U 5U 5U 5U 5U
2-CHLOROETHYLVINYLETHER - = - ug/L 1U 1U 1U 1U 1U 1U
2-CHLOROTOLUENE e s pg/L 02U 02U 02U 02U 02U 02U
2-HEXANONE e e ug/L 5U 5U 5U 5U 5U 5U
4-CHLOROTOLUENE e e pg/l 02U 02U 02U 02U 02U 02U
4-ISOPROPYLTOLUENE = e pg/L 02U 02U 02U 02U 02U 02U
4-METHYL-2-PANTANONE - - ug/L 5U 5U 5U 5U 5U 5U
ACETONE e e pg/L 5U 5U 5U 5U 5U 5U
ACROLEIN e e pg/L 5U 5U 5U 5U 5U 5U
ACRYLONITRLE e e ug/L 1U 1U 1U 1U 1U 1U
BENZENE 5 1 pg/l 02U 02U 02U 02U 02U 02U
BROMOBENZENE e e pg/L 02U 02U 02U 02U 02U 02U
BROMOCHLOROMETHANE - e ug/l 02U 02U 02U 02U 02U 02U
BROMOETHANE e pg/l 02U 02U 02U 02U 02U 02U
BROMOFORM e 5 pg/L 02U 02U 02U 02U 02U 02U
BROMOMETHANE - e pg/l 10U 10U 1.0U 1.0U 10U 10U
CARBON DISULFIDE = e pg/l 02U 02U 02U 02U 02U 02U
CARBON TETRACHLORIDE 5 0.3 pg/L 02U 02U 02U 02U 02U 02U
CFC-113 e e ug/l 02U 02U 02U 02U 02U 02U
CHLOROBENZENE 100 0 pg/l 02U 02U 2.14 02U 02U 02U
CHLOROBROMOMETHANE - e pg/L 02U 02U 02U 02U 02U 02U
CHLORODIBROMOMETHANE - - pg/l 02U 02U 02U 02U 02U 02U
CHLOROETHANE = e pg/l 02U 02U 02U 02U 02U 02U
CHLOROFORM - 7 pg/L 02U 02U 02U 02U 02U 02U
CHLOROMETHANE o s pg/l 05U 05U 05U 05U 05U 05U

CIS-1,2-DICHLOROETHENE 70 pg/l 02U 02U 02U 0.40 02U 02U



Groundwater Quality Data
December 2016 Quarterly Monitoring Event
Page 3 of 3

State
Drinking State
Water  Groundwater
Standards Standards

VOLATILE ORGANIC COMPOUNDS (a) (b) Units MW-1 MW-3 MW-6 MW-8 MW-10 MW-13 (FD)
CIS-1,3-DICHLOROPROPENE - 0.2 pg/l 02U 02U 02U 02U 02U 02U
DIBROMOETHANE = e pg/L 02U 02U 02U 02U 02U 02U
DICHLOROBROMOMETHANE - 0.5 yg/l 02U 02U 02U 02U 02U 02U
ETHYLBENZENE 700 0 - pg/L 02U 02U 02U 02U 02U 02U
ETHYLENE DIBROMIDE - 0.001 pg/L 02U 02U 02U 02U 02U 02U
HEXACHLOROBUTADIENE -~ - pg/L 05U 05U 05U 05U 05U 05U
IODOMETHANE e e pg/L 1U 1U 1U 1U 1U 1U
ISOPROPYLBENZENE = - pg/L 02U 02U 02U 02U 02U 02U
METHYLENE CHLORIDE 5 5 ug/L 1U 1U 1U 1U 1U 1U
M & P-XYLENE 10 - pg/L 04U 04U 04U 04U 04U 04U
NAPHTHALENE e pg/L 05U 05U 05U 05U 05U 05U
N-BUTYLBENZENE e yg/l 02U 02U 02U 02U 02U 02U
N-PROPYLBENZENE ~  —e e pg/L 02U 02U 02U 02U 02U 02U
O-XYLENE 10 - pg/L 02U 02U 02U 02U 02U 02U
SEC-BUTYLBENZENE = e yg/l 02U 02U 02U 02U 02U 02U
STYRENE 100 - pg/L 02U 02U 02U 02U 02U 02U
TERT-BUTLYBENZENE ~~  —— - pg/L 02U 02U 02U 02U 02U 02U
TETRACHLOROETHENE 5 0.8 yg/l 02U 02U 02U 02U 02U 02U
TOLUENE 1000 - pg/L 02U 02U 02U 02U 02U 02U
TRANS-1,2-DICHLOROETHENE 100 - pg/L 02U 02U 02U 02U 02U 02U
TRANS-1,3-DICHLOROPROPENE - 0.2 yg/l 02U 02U 02U 02U 02U 02U
TRANS-1,4-DICHLORO-2-BUTENE pg/L 1U 1U 1U 1U 1U 1U
TRICHLOROETHENE 5 3 pg/L 02U 02U 02U 02U 02U 02U
TRICHLOROFLUOROMETHANE ~~ =— - yg/l 02U 02U 02U 02U 02U 02U
VINYL ACETATE pg/L 02U 02U 02U 02U 02U 02U
VINYL CHLORIDE 2 0.02 pg/L  0.02U 0.02U 0.02U 0.071 0.02 U 0.02U
Notes: Concentration exceeds State Drinking Water Standards or Groundwater Standards

FD = Field Duplicate of MW-10 was labeled MW-13.

Regulatory Standards:

All regulatory standards listed for VOCs are Primary Regulatory Standards
(a) WAC 246-290-310

(b) WAC 173-200-040

Data Qualifiers:
U = Indicates compound was analyzed for but was not detected at the specified detection limit.



Appendix B:
2016 Monitoring Field Notes
































































































































































































Appendix C:
2016 Statistical Summaries

Time-Series Plots through December 2016
Mann-Kendall Statistically Significant Trend Test Summary Tables
Shapiro-Wilk Test for Normality Summary Tables
Confidence Interval Summary Tables



















































































































































Appendix D:
Inspection, Maintenance, and Engineering Summary for 2016



Inspection, Maintenance, and Engineering Summary for 2016

The bulleted items below present a summary of the inspection, maintenance, and engineering
tasks that were performed by SWD during 2016 at the Olalla Landfill.

EPI conducted groundwater and landfill gas monitoring activities in all four quarters of
2016. The results are discussed in this report.

EPI continued reporting and data analysis in accordance with Section IV of the SWHP and
the CAP. The results are discussed in this report.

SWD supported KPHD in quarterly inspections conducted at the Landfill. After the
inspections, KPHD stated that no problems were noted during the inspections.

SWD conducted regular inspections of the Landfill and its engineered systems including
evaluation of the drainage systems and potential erosion areas. During 2016, all systems
were operating as designed.

SWD worked with other divisions in KCPW to maintain the systems at the Landfill
including maintenance of the cap, stormwater drainage systems, and the stormwater
detention pond. During 2016, routine maintenance was required including mowing of the
cap and removal of vegetation.
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Activities Planned for 2017



Activities Planned for 2017

The bulleted items below present a summary of the planned inspections, maintenance and
engineering activities planned for 2017 by SWD at the Olalla Landfill.

e Quarterly monitoring, sampling, and reporting will continue in accordance with Section IV
of the SWHP and the CAP. SWD will continue to contract with EPI for monitoring and
sampling activities for 2017.

o EPI will continue to conduct the reporting and data analysis in accordance with Section IV
of the SWHP and the CAP.

¢ Regular inspections of the Landfill and its engineered systems will be conducted.
o SWD will continue to support KPHD in their quarterly inspections of the Landfill.
o SWD will continue to work with other divisions in the KCPW to maintain the systems at the

Landfill including maintenance of the cap, stormwater drainage systems and the
stormwater detention pond.



Attachment 1:
2016 Quarterly Monitoring Analytical Data Sheets
(Provided on attached CD ROM)





