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BACKGROUND

INTRODUCTION

An evaluation of the potential for water quality impacts to paleochannel aquifers within the West Plains area
of Spokane County, Washington is being addressed by the Water Resource Inventory Area (WRIA) 54
Planning Unit. The approximate boundaries of the West Plains area, as defined during the WRIA 54 Multi-
Purpose Water Storage Study (Tetra Tech/KCM and GeoEngineers 2007b), are presented in the West Plains
Vicinity Map, Figure 1.

Paleochannels within the West Plains area represent ancestral drainage-ways filled with sediment during
Pleistocene-age (about 1.8 million to 10,000 years ago) glacial flooding events. Because paleochannel
sediments have a significantly higher vertical permeability and storage capacity than the surrounding basalt
rock, they are of interest for water supply projects, aquifer storage and recovery projects, and the
disposal/infiltration of stormwater and/or reclaimed water. Studies to date have focused on:

e Mapping the extent of the paleochannels (SAIC 1992; Deobald and Buchanan 1995; Budinger &
Associates 2001; CH2M Hill 2003; and GeoEngineers 2002, 2003, and 2007).

e Determining their infiltrative capacity, permeability, and other aquifer characteristics to evaluate
groundwater flow conditions (GeoEngineers 2002, 2003, and 2007).

o Detailed study of aquifer geometry and properties within specific sites, such as the planned city of
Airway Heights Water Reclamation Plant (GeoEngineers 2007).

e Groundwater quality and potential nitrate sources to city of Airway Heights Wells 1 and 4
(GeoEngineers 2003).

Few water quality studies have focused on the paleochannel aquifers. This presents a significant data gap in
the water quality information for WRIA 54. This study is being undertaken to assess water quality in
paleochannel aquifers and to comprehensively evaluate the potential impacts of the numerous stormwater,
wastewater, and water supply projects already under consideration, planning, and/or construction. This
Quality Assurance Project Plan (QAPP) has a number of investigative components ranging from field
subsurface exploration to office-based hydrogeologic analyses. It is intended to be modular; each component
could be independently conducted as funding sources are identified.

WEST PLAINS GEOLOGIC SETTING

The surficial geology of the West Plains area has been described in various publications including: Griggs
(1966), Joseph (1990), and Stoffel et al. (1991). Aspects of the subsurface geology of the area have been
documented in Deobald and Buchanan (1995), Drost and Whiteman (1986), Luzier and Burt (1974), and
Whiteman et al. (1994).

Basement rocks in the vicinity of the site generally consist of metasedimentary rocks of the Precambrian Belt
Supergroup (age greater than about 570 million years [Ma]). These rocks were intruded by granitic plutonic
rocks during the Mesozoic (245 to 65 Ma) and Tertiary (65 to 1.5 Ma) (Stoffel et al. 1991).

Basement rocks are stratigraphically overlain by basalt flows associated with the Columbia River Basalt
Group (CRBG). The CRBG was deposited during an extended period of Miocene (23 to 5 Ma) volcanism
that extruded a series of very fluid lava flows. The lava flowed from north-northwest trending fissures as
much as 90 miles long which were located primarily in northeastern Oregon and southeast Washington
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(Hooper 1982). The resulting basalt deposits are hundreds to thousands of feet thick and extend throughout
the Columbia Plateau. The CRBG has been subdivided into five formations that include, from oldest to
youngest, the Imnaha Basalt, Picture Gorge Basalt, Grande Ronde Basalt, Wanapum Basalt, and Saddle
Mountains Basalt. Two of these formations, the Grande Ronde and Wanapum, have been identified within
the West Plains area (Drost and Whiteman 1986).

The Grande Ronde Basalt is the most voluminous of the CRBG formations, comprising 85 to 88 percent of
the total volume of the CRBG (Whiteman et al. 1994). The Grande Ronde Basalt Formation underlies the
entire West Plains area except where the elevation of pre-Miocene basement rocks were higher than the top of
the formation; generally this occurred at steptoes. The Grande Ronde has been observed at up to 514 feet in
thickness in area wells. The top of the Grande Ronde Basalt is often marked by (1) a weathered zone
frequently described in water well reports as a water-bearing, fractured or vesicular zone with minor clay
and/or (2) a sedimentary interbed (Latah Formation) that separates it from the overlying Wanapum Basalt
Formation (Deobald and Buchanan 1995).

The Wanapum Basalt is the second-most voluminous of the CRBG formations, comprising about 6 percent of
the total volume of the CRBG (Whiteman et al. 1994). It stratigraphically overlies the Grande Ronde Basalt.
It occurs throughout the Airway Heights area except where it pinches out at steptoes or has been removed by
erosion within drainages. Surface exposures are abundant (Stoffel et al. 1991). The Wanapum Basalt has
been observed at up to 292 feet in thickness in area wells

The CRBG is overlain by Pleistocene-age glaciofluvial (flood) deposits that consist of unsorted mixtures of
silt, sand, gravel, cobbles and boulders. Recent geologic mapping by the Washington State Department of
Natural Resources (Derkey and Hamilton 2008) suggests that, in some areas, glaciofluvial deposits contain
large clasts of fine-grained sedimentary rock (presumably from the Latah Formation). Flood deposits are
frequently interbedded with glaciolacustrine sediments that were deposited in a low-energy depositional
environment (such as a lake); these deposits typically consist of clay, silt, or silty fine sand. Quaternary (less
than about 1.5 Ma) loess (wind-blown clay, silt and fine sand) frequently overly the glaciofluvial and
glaciolacustrine deposits, and, in some areas, directly overlie the CRBG.

The top of the CRBG surface is incised and undulatory, creating a relatively complex distribution in overlying
sediment thickness. Studies performed by Science Applications International Corporation (SAIC) (1992),
Deobald and Buchanan (1995), Budinger and Associates (2001), and GeoEngineers (2002) defined a
minimum of three eroded depressions in the basalt within the West Plains area. These depressions are up to
400 feet in depth and interpreted to represent past drainage features, or paleochannels, that were filled by
permeable flood deposits during the Quaternary. The three identified paleochannels are herein termed the
Airport, Airway Heights, and Deep Creek Paleochannels and are approximately located as shown in
Paleochannel Boundaries and Surficial Geology, Figure 2.

WEST PLAINS HYDROGEOLOGIC SETTING

General

The Airway Heights area generally is underlain by a minimum of four aquifers. These aquifers occur within
the (1) unconsolidated surficial deposits, (2) Wanapum Basalt Formation, (3) Grande Ronde Basalt
Formation, and (4) basement rocks. The Wanapum Basalt and Grande Ronde Basalt Formations generally are
the most suitable for extracting groundwater of sufficient quantity for municipal supply and distribution
systems. However, the unconfined aquifer, within paleochannels, can yield significant supply and quantities
of groundwater.
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Unconfined Surficial Aquifer

Unconsolidated surficial deposits consist primarily of glaciofluvial and glaciolacustrine deposits. The
glaciofluvial deposits typically consist of relatively free-draining sand and gravel with relatively high
permeability that in places forms an unconfined aquifer, perched on the underlying bedrock surface.
Saturated aquifer thickness is generally less than 10 feet outside of the boundaries of the paleochannels,
resulting in low aquifer transmissivity and limited reliability as a long-term groundwater supply (Buchanan
1992). Within the paleochannels, saturated aquifer thickness can exceed 200 feet, resulting in relatively high
aquifer transmissivity. In all areas, the unconfined aquifer water quality is relatively susceptible to
degradation from point and non-point sources of contamination because of the lack of an overlying confining
unit and the generally shallow depth to the groundwater table. Recharge to the unconfined aquifer is
primarily from precipitation, applied irrigation, septic systems and potentially through leakage from the
underlying Wanapum Basalt.

Wanapum Basalt Formation Aquifer

The Wanapum Basalt Formation consists of a series of individual basalt flows. Groundwater is most readily
transmitted through the broken vesicular and scoriaceous interflow zones that characterize the top of each
flow. The interflow zones are separated by the less porous and less transmissive entablature and colonnade,
which comprise 90 to 95 percent of the total flow volume (Whiteman et al. 1994). The flows are locally
interlayered with sedimentary deposits of the Latah Formation. This system of multiple flows and
interlayered sedimentary deposits creates multiple stacked confined to semi-confined aquifers which can yield
significant volumes of groundwater to wells (Buchanan 1992).

The Wanapum Basalt Formation is overlain, in places, by relatively coarse-grained Quaternary deposits. In
other locations, the Wanapum Basalt directly crops out on the surface. Recharge to the Wanapum Basalt
occurs through direct precipitation, vertical infiltration from the overlying unconfined aquifer, and lateral
recharge from upgradient areas to the north and east. A minor component of recharge could migrate upward
as leakage from the underlying Grande Ronde Basalt or Latah Formation, depending on head conditions.
Discharge from the Wanapum Basalt Formation occurs through leakage to adjacent aquifers, (such as the
paleochannel aquifer), along gaining reaches of streams, and to water supply wells.

Grande Ronde Formation Aquifer

Like the Wanapum Basalt, the Grande Ronde Basalt consists of a series of basalt flows, with groundwater
most readily transmitted through the interflow zones at the top of each flow. This series of flows, coupled
with local interbedding with coarse-grained sedimentary deposits, creates multiple stacked confined aquifers
and relatively high well yields.

Recharge to the Grande Ronde Formation occurs primarily through outcrops along the margins of the
Columbia Plateau, with groundwater flowing laterally to discharge areas within the plateau interior. Recharge
could also occur through leakage from the overlying Wanapum Basalt or underlying basement rocks,
depending on head conditions. Discharge from the Grande Ronde Basalt Formation occurs through leakage
to adjacent aquifers (such as the Wanapum and paleochannel aquifers), along gaining reaches of streams, and
to water supply wells.
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Basement Rock Aquifer

Groundwater occurs in basement rocks, which underlie the CRBG, in fractured and/or weathered zones.
Porosity and permeability are generally low. The yield of water wells penetrating into the basement rock
aquifer generally is low, typically on the order of several gallons per minute or less.

Recharge to the basement rock aquifer occurs primarily within upgradient areas to the north and east, with
groundwater flowing laterally to discharge areas within the plateau interior. Recharge could also occur
through leakage from the overlying Grande Ronde Basalt.

EXISTING INFORMATION

General

Geologic mapping investigations within the West Plains area (Deobald and Buchanan 1995; Derkey and
Hamilton 2008) have delineated a total of three main paleochannels, commonly designated the Airway
Heights Paleochannel, Airport Paleochannel, and Deep Creek Paleochannel. The locations of the three
paleochannels, as defined by recent mapping completed by the Washington State Department of Natural
Resources, are presented in Paleochannel Boundaries and Surficial Geology, Figure 2.

Existing Wells

Paleochannel boundaries generally were located through review of well logs and surficial geologic mapping.
Domestic and public water supply well locations used to define paleochannel boundaries are presented in
Paleochannel Boundaries and Well Locations, Figure 3.

Group A and B water supply wells and private wells in the vicinity of the three paleochannels were located
using GIS. Data for Group A and B wells was obtained from the Washington State Department of Health
(DOH). Private well locations were supplied by the Department of Natural Resources (Derkey and
Hamilton 2008). Available well logs were obtained from the Washington State Department of Ecology to
verify if the Group A and B wells are screened within paleochannel aquifers. A summary of Group A and B
paleochannel wells is provided in Table 1A, and private paleochannel wells are detailed in Table 1B.

Few investigations have been conducted within the paleochannels to determine aquifer hydraulic properties.
Two water balances have been conducted by GeoEngineers, performed within the Airport and Airway
Heights paleochannels (GeoEngineers 2002; GeoEngineers 2003). Hydrogeologic studies have also been
conducted by GeoEngineers in the Airport and Airway Heights Paleochannels (GeoEngineers 2002;
GeoEngineers 2007). A compilation of paleochannel aquifer hydraulic properties is presented in Tables 2 and
3.

Airway Heights Paleochannel

General

The Airway Heights Paleochannel originates east of Fairchild Air Force Base and generally trends north
through the city of Airway Heights towards Deep Creek and the Spokane River, as shown in Figure 2. Itis
the longest of the three paleochannels, extending a distance of about 12 miles. Maximum sediment thickness
increases from about 50 feet at its southern terminus to over 200 feet within the northern portion of the
paleochannel.
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The Airway Heights Paleochannel is penetrated by an estimated 55 domestic and public water supply wells,
including City of Airway Heights Wells 1 and 4.

Geology

The paleochannel limits were delineated by SAIC (1992) and refined by Deobald and Buchanan (1995) and
GeoEngineers (2007) using a combination of monitoring and water well logs, outcrop data, and geophysical
methods. Outside of the boundaries of this paleochannel, depth to the unconfined water table, where present,
is generally less than about 20 feet and saturated aquifer thickness is generally less than about 10 feet.
Groundwater in these areas migrates vertically into the Wanapum Basalt Formation and/or follows basalt
surface topography before discharging to the paleochannel.

Well logs have penetrated up to 349 feet of glaciofluvial material within the Airway Heights paleochannel
without encountering in-place rock. SAIC (1992) depicted the paleochannel as a closed depression that
terminates south of State Route 2. Deobald and Buchanan (1995) used additional data to interpret the
paleochannel as a drainage way that extends northeast from State Route 2 to suspected discharge areas near
Deep Creek and/or the Spokane River.

Sediment along the margins of the Airway Heights Paleochannel is underlain by the Wanapum Basalt
Formation. Geologic studies performed by SAIC (1992) and CH2M Hill (2003) for the Craig Road Landfill
(located about 4,700 feet west of City Wells 1 and 4 as shown on Figure 3) identified two flow sequences,
Basalt Flow A and Basalt Flow B, within the Wanapum Basalt Formation in the site area. Flow sequences A
and B are separated by a sedimentary interbed termed Interbed A. The Airway Heights Paleochannel
completely truncates Basalt Flow A and Interbed A, exposing the top of Basalt Flow B within the interior of
the paleochannel.

Hydrogeology

Near the Airway Heights Paleochannel, groundwater occurs under variable conditions within glaciofluvial
sediments, the CRBG, sedimentary interbeds within CRBG and basement rock. Outside of the boundaries of
the paleochannel, depth to the water table within glaciofluvial sediments, where present, is generally less than
about 20 feet and saturated aquifer thickness is generally less than about 10 feet. Groundwater in these areas
migrates vertically into Basalt Flow A and/or follows basalt surface topography before discharging to the
paleochannel (SAIC 1992). Unconfined aquifer thickness is a minimum of about 89 feet at City of Airway
Heights Well 4, but has not been well defined throughout much of the paleochannel.

SAIC (1992) measured groundwater elevations in several paleochannel wells in September 1991.
Groundwater ranged from about Elevation 2,245 to Elevation 2,256 feet. Groundwater flow direction was to
the northwest, under a hydraulic gradient of about 0.004 feet per foot (ft/ft).

Outside of the boundaries of the paleochannel, the uppermost confined aquifer occurs within Basalt
Flow A, which was found by SAIC (1992) to be about 90 to 141 feet thick. Potentiometric surface mapping
performed by SAIC (1992) indicates that groundwater flows from Basalt Flow A into the paleochannel along
each side of the paleochannel perimeter. Potentiometric levels ranged from Elevation 2,380 feet at the west
end of Craig Road Landfill to Elevation 2,270 feet at the margins of the paleochannel. SAIC (1992)
interpreted that Interbed A is relatively impermeable and continuous and that Basalt Flow A is truncated by
the paleochannel; this suggests that the paleochannel captures water from the entire thickness of Basalt Flow
A. The unconfined aquifer within the paleochannel, because of its relatively high permeability and low head,
acts as a drain resulting in subsurface discharge from Basalt Flow A into the paleochannel with subsequent
groundwater flow along the paleochannel, through the channel infill deposits to down-gradient discharge
areas.
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Interbed A is underlain by Basalt Flow B. Though water level data for Basalt Flow B is sparse, SAIC (1992)
determined that the flow direction within Basalt Flow B in the vicinity of Craig Road Landfill is to the
northeast. The paleochannel intersects the top portion of Basalt Flow B, and head conditions reported in
SAIC (1992) suggest that some groundwater also discharges from Basalt Flow B into the Airway Heights
paleochannel.

Proposed Water Reclamation Facility

Extensive investigation has been performed in the vicinity of the city of Airway Height’s planned Water
Reclamation Facility (GeoEngineers 2003 and 2007), the proposed location of which is in the southeast
quarter of Section 26, Township 25 North, Range 41 East. The investigation included deep monitoring well
drilling and installation, seismic refraction survey, aquifer testing, and groundwater modeling. Conclusions
relevant to this study include the following:

o Atthesite, paleochannel sediments are at least 198 feet thick and consist of a complex assemblage of
glaciofluvial (primarily sand and gravel) and glaciolacustrine (primarily silt and clay) sediment.

o Depth to water in the paleochannel aquifer was about 120 feet below ground surface in February
2007.

e Agquifer transmissivity was estimated from a pumping test at about 34,000 square feet per day,
hydraulic conductivity was estimated at about 570 feet per day, and storativity was estimated at about
0.002.

e Thetime required for infiltrated water to travel from the ground surface to the paleochannel aquifer’s
groundwater table could range from as short as 10 days to years, depending on the thickness and
continuity of glaciolacustrine sediments.

e The cation exchange capacity (CEC) of unsaturated soil ranged from 3.78 to 9.87 milliequivalents per
100 grams of soil.

Airport Paleochannel

General

The Airport Paleochannel is the eastern-most of the identified paleochannels and originates north of Spokane
International Airport (SIA) and west of Spotted Road near Airway Heights, Washington. The paleochannel
generally trends north from SIA for a distance of about 3 %2 miles, where it shifts to the east and extends about
2 miles before intersecting the Spokane River valley. Maximum sediment thickness is thought to exceed 200
feet throughout most of the paleochannel’s length.

The Airport Paleochannel only is penetrated by an estimated four domestic and public water supply wells (see
Figure 3).

Geology and Hydrogeology

A portion of the Airport Paleochannel situated immediately south of State Route 2 within the northeast
quarter of Section 29, Township 25 North, Range 42 East was evaluated by Budinger & Associates (2001)
and GeoEngineers (2002) for the feasibility of disposing stormwater on-site. The investigation included deep
monitoring well drilling and installation, seismic refraction survey, hydraulic testing, and hydrogeologic
analysis. Conclusions relevant to this study include the following:

o Geophysical work, as well as area water well reports, suggest that the Airport Paleochannel is a
minimum of about 1,000 feet wide, extends to a maximum depth of at least 250 feet below ground
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surface, and trends to the north-northeast where it merges with the Spokane River valley in the
vicinity of Spokane Falls Community College.

o Atthesite, paleochannel sediments are at least 150 feet thick and consist of a complex assemblage of
glaciofluvial (primarily sand and gravel) and glaciolacustrine (primarily silt and clay) sediment.

o Depth to water in the paleochannel aquifer was about 130 feet below ground surface in February
2002.

e Hydraulic conductivity is about 560 feet per day, hydraulic gradient is about 0.012 feet per foot and,
groundwater velocity is about 26 feet per day.

e The concentration of nitrate/nitrite nitrogen in groundwater from the paleochannel aquifer was about
12 milligrams per liter (mg/L), which exceeds the drinking water standard of about 10 mg/L.

e The CEC of unsaturated soil ranged from about 7.1 to 50 milliequivalents per 100 grams of soil.

Deep Creek Paleochannel

The Deep Creek Paleochannel is the western-most of the identified paleochannels and originates about 2
miles north of the City of Airway Heights. The paleochannel generally trends northeast for a distance of
about 4 miles before intersecting the Spokane River valley. Maximum sediment thickness is believed to
exceed 200 feet.

The Deep Creek Paleochannel is located within a relatively undeveloped portion of the study area and is only
penetrated by two domestic wells. No hydrogeologic reports specific to the Deep Creek Paleochannel were
encountered during our review.

EXISTING WATER QUALITY DATA

A total of 24 Group A and B wells are believed to penetrate the paleochannel aquifers. Water quality data
from 23 of these wells was obtained from the Washington State Department of Health (DOH) and is compiled
in the report, “Background Data Compilation and Data Gap Evaluation, Paleochannel Aquifers Water
Resources Inventory Area 54,” (GeoEngineers 2008).

A review of readily available well logs from the Group A and B wells confirmed that five wells penetrate
paleochannel aquifers. The Airway Heights Paleochannel aquifer is penetrated by Airway Heights well 4 and
Hunt-Mayfield well 1, and is likely penetrated by an additional 18 of the 26 identified Group A and B wells.

The Airport Paleochannel is confirmed to be penetrated by two Group A wells, including the Riverside State
Park Equestrian well 1 and the City of Spokane Baxter well. Both of these wells are located near the outlet of
the paleochannel, toward the northeast. Two additional wells are likely located in the Airport Paleochannel
aquifer, near the southern portion of the paleochannel.

None of the Group A and B wells identified in this study are likely located in the Deep Creek Paleochannel
aquifer.
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PROJECT DESCRIPTION

INTRODUCTION

The WRIA 54 Planning Unit intends to evaluate existing and future groundwater quality within paleochannel
aquifers in the West Plains area of Spokane County, Washington. To do so, characterization of paleochannel
aquifer geometry and properties, background groundwater quality, and deviation from background conditions
as a function of area development will be necessary.

GoALSs AND OBJECTIVES

Goals of this study include assessment of water quality in paleochannel aquifers within the West Plains area,
and the comprehensive evaluation of potential impacts of the numerous stormwater, wastewater, and water
supply projects already under consideration, planning, and/or construction.

Several objectives have been developed to assess paleochannel aquifer water quality. Subsurface exploration,
baseline and long-term groundwater monitoring, hydrogeologic analyses, geophysical investigations, and
source water quality monitoring can be used in conjunction to achieve project goals. The following goals and
objectives have been developed to use separately or in sequence as funding becomes available.

NECESSARY INFORMATION

Subsurface exploration, baseline groundwater quality monitoring, long-term groundwater quality monitoring,
hydrogeologic analyses, and geophysical exploration will be performed to obtain the information necessary to
achieve project objectives.

Subsurface Exploration Program

A subsurface exploration, testing, and analysis program is necessary to mitigate identified data gaps. The
subsurface exploration program should be focused on large areas that do not currently contain wells and in the
paleochannel outlets near the Spokane River. Land use will be considered during monitoring well siting.
Future land use within WRIA 54 is presented in WRIA 54 Land Use, Figure 4. The subsurface exploration
program should have the following components:

e Siting of new groundwater monitoring wells.
e Incorporation of existing wells that meet project-specific well construction criteria.

o Hydraulic (slug) testing in selected monitoring wells to establish aquifer hydraulic conductivity. This
parameter will be critical to any contaminant transport and/or loading calculations that are performed
in future project phases.

o Installation of dedicated bladder pumps in monitoring wells that are to be included in the monitoring
program and use of low-flow sampling techniques. Relative to conventional sampling techniques, the
benefits of this approach include reduced sample turbidity, reduced sampling purge volume, reduced
sampling and decontamination time, reduced likelihood of cross-contamination, and greatly improved
sample quality.

o Installation of pressure transducers and data loggers for the continuous collection of water level and
temperature data in selected site monitoring wells.
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o Install equipment for continuously monitoring barometric pressure in the study area. Barometric
pressure data will be used to correct water level data for barometric fluctuation, which can be a
significant source of error during long-term monitoring projects.

Baseline Groundwater Quality Monitoring

Baseline groundwater quality should be established within selected paleochannel wells over a 1-year
monitoring period. Wells should be sampled for nutrients, metals, bacteria, and water quality parameters such
as turbidity, temperature, pH, dissolved oxygen, conductivity, and oxidation reduction potential. Other
parameters, such as total dissolved solids, total organic carbon, selected anions and cations, and petroleum
hydrocarbons also should be considered. Wells should be selected based on the following:

e To achieve adequate coverage of the areal extent of the paleochannels. Water quality within the
study aquifers likely will vary considerably between paleochannels and within each paleochannel.

e Within and down-gradient of areas characterized by key future land-uses, such as industrial and
residential.

e Down-gradient of specific potential contaminant sources. Contaminant sources could include
stormwater and/or reclaimed water disposal facilities that are currently being sited and/or designed by
area municipalities.

e Within paleochannel discharge areas. Paleochannel discharge areas generally are located within the
north portion of the study area, and are suspected to discharge water either to Deep Creek or the
Spokane River.

Long-Term Groundwater Monitoring

A long-term groundwater elevation and water quality monitoring program will be established to obtain the
following information:

e Groundwater flow direction and gradient

e Contaminant concentrations

e Prediction of future hydraulic and contaminant trends
Hydrogeologic Analysis
The following hydrogeologic analyses are necessary to gain an understanding of paleochannel hydraulic
conditions:

o Define approximate boundaries and recharge areas for the paleochannel aquifers.

o Evaluate seasonal variability in aquifer hydraulic gradient and groundwater flow direction.

o Estimate the volume of groundwater (flux) transported by the paleochannel aquifers to down-gradient
discharges areas.

¢ Estimate the quantity of contaminants, such as phosphorus, that are discharged from paleochannel
aquifers to down-gradient surface water.
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Geophysical Investigation

The following geophysical investigation is necessary to evaluate the geometry and extent of the Deep Creek
Paleochannel:

e Conduct a geophysical investigation of the Deep Creek Paleochannel by performing seismic
refraction surveys in the area.

e Extend the seismic refraction surveys south of the existing paleochannel contours.

Source Water Quality Monitoring

A source water quality monitoring program is necessary to evaluate concentrations in potential stormwater
sources and should consist of the following:

e Identify existing and future stormwater sources.

e Sample source water over time to establish trends in potential contaminant concentrations.

ORGANIZATION, SCHEDULE, AND PRELIMINARY COST ESTIMATE

ORGANIZATION

WRIA 54 Initiating Governments

Lead Agency Contact

Ecology Contact

SCHEDULE

Spokane County (Lead Agency)
Stevens County

Lincoln County

City of Spokane

Stevens PUD

Spokane Tribe

Mike Hermanson

Spokane County

(509) 477-7260
mhermanson@spokanecounty.org

Sara Hunt
Department of Ecology
(509) 329-3579

Table 4. Project Activities and Targeted Completion Timeframe

Report/Field Event

Targeted Completion Timeframe

Completion of Final Approved QA Project Plan

July 2008

Subsurface Exploration Program

May 2009 through June 2009

Baseline Groundwater Quality Monitoring

1 year after completion of subsurface exploration program (June
2010)

Long-term Groundwater Monitoring

10 years after completion of baseline groundwater quality
monitoring (June 2020)
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Report/Field Event

Targeted Completion Timeframe

Hydrogeologic Analysis

Six months after completion of baseline groundwater quality
monitoring (December 2010)

Geophysical Investigation

May 2009 through June 2009

Source Water Quality Monitoring

Concurrent with long-term groundwater monitoring (June 2010
through June 2020)

Draft Study Report

Four months after completion of field event

Final Study Report

Two months after completion of draft study report

Submittal of Data to the Environmental Information Management
System (EIM)

At completion of the final study report

The proposed schedule is subject to funding of each portion the project. Funding currently has not been
secured. In addition, the project lead, project assistants and laboratories have not currently been chosen to
complete the above tasks. The timeline is dependent on selecting personnel to complete each portion of the

project.

PRELIMINARY COST ESTIMATE

The cost estimate presented in this section is based on typical costs for the study components presented in the
Project Description portion of this QAPP (and described in more detail in the below Sampling Process
Design section) at the time that this QAPP was prepared. It is designed to be used as a planning tool and

should be considered approximate.

Table 5. Preliminary Cost Estimate

Approximate Number of Approximate
Study Component Cost Per Event Events Total Cost
Subsurface Exploration -- -
Drilling and Monitoring Well Installation® $140,000 1 $140,000
Installation of Monitoring Equipment’ $19,000 1 $19,000
Subtotal $159,000
Baseline Groundwater Quality Monitoring® -- --
Sampling and Reporting $6,250 8 $50,000
Laboratory Analysis’ $8,180 8 $65,440
Subtotal $115,440
Long-term Groundwater Monitoring® -- --
Sampling and Reporting $6,250 40 $250,000
Laboratory Analysis* $8,180 40 $327,200
Subtotal $577,200
Hydrogeologic Analysis $10,000 1 $10,000
Geophysical Investigation® $80,000 1 $80,000
Source Water Quality Monitoring” -- --
Sampling and Reporting $2,500 40 $100,000
Laboratory Analysis® $2,445 40 $97,800
Subtotal $197,800

!Assumes ten 2-inch PVC monitoring wells are installed with air rotary drilling methods to depths of about 160 feet each.

File No. 0188-120-02
July 10, 2009

Page 11

GEOENGlNEERs_g




2Assumes ten pressure transducers for monitoring groundwater level and temperature, one barometric pressure transducer, and ten
dedicated bladder pumps.

®Assumes a total of eight sampling events using a total of 20 wells will be performed.
“Assumes samples will be analyzed for the analyte list and methods presented in Table 6.
®Assumes quarterly sampling will be performed in 20 wells for a period of ten years.
®Assumes eight seismic refraction lines, each about 2,500 feet in length, will be performed.

"Assumes four source water sampling events will be performed per year for a period of ten years. Each event will sample a total of five
sources.

8Assumes samples will be analyzed for the analyte list and methods presented in Table 7.

Approximate costs for laboratory analyses are summarized in Tables 6 and 7. Tables 6 and 7 are based on the
anticipated analytical suite for groundwater and source water samples, respectively.

Table 6. Laboratory Analytical Costs — Groundwater Samples?*

Analyte® Method? Cost Per Sample

TPN, dissolved SM 4500N-C $40
Nitrate-N, dissolved EPA 300.0 $20
Nitrite-N, dissolved EPA 300.0 $20
Total phosphorus SM 4500 $30
Coliform, total SM 9223B-PA $40
Coliform, fecal SM 9223B-PA $25
TSS EPA 160.2 $15
TDS EPA 160.1 $20
Chloride, dissolved EPA 300.0 $5
Total petroleum hydrocarbons EPA 8015 MOD $35
Iron, dissolved EPA 200.8 $27
Manganese, dissolved EPA 200.8 $12
RCRA 8 Metals (Silver, Barium, | EPA 6020/EPA 7471A $120
Cadmium, Chromium, Lead Selenium, Mercury)

Total $409

'Analytical costs are based on Anatek Labs, Inc.’s 2008 Price List.
*TPN = total persulfate nitrogen; N = nitrogen; BOD = biochemical oxygen demand; COD = chemical oxygen demand; TSS = total

suspended solids; TDS = total dissolved solids; RCRA = Resource and Recovery Act.

®SM = Standard Method; EPA = Environmental Protection Agency Method

Table 7. Laboratory Analytical Costs — Source Water Samples*

Analyte? Method? Cost Per Sample
TPN, dissolved SM 4500N-C $40
Nitrate-N, dissolved EPA 300.0 $20
Nitrite-N, dissolved EPA 300.0 $20
Total phosphorus SM 4500 $30
Coliform, total (MF) SM 9223B-PA $40
Coliform, fecal (MF) SM 9223B-PA $25
BOD SM 5210B $45
COD EPA 410.4 $35
TSS EPA 160.2 $15
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Analyte® Method? Cost Per Sample

TDS EPA 160.1 $20
Chloride, dissolved EPA 300.0 $5
Total petroleum hydrocarbons EPA 8015 MOD $35
Iron, dissolved EPA 200.8 $27
Manganese, dissolved EPA 200.8 $12
RCRA 8 Metals (Silver, Arsenic, Barium, | EPA 6020/EPA 7471A $120
Cadmium, Chromium, Lead Selenium, Mercury)

Total $489

'Analytical costs are based on are based on Anatek Labs, Inc.’s 2008 Price List.

*TPN = total persulfate nitrogen; N = nitrogen; BOD = biochemical oxygen demand; COD = chemical oxygen demand; TSS = total
suspended solids; TDS = total dissolved solids; RCRA = Resource and Recovery Act.

*SM = Standard Method; EPA = Environmental Protection Agency Method

QUALITY OBJECTIVES

Measurement quality objectives (MQOs) for field and laboratory paleochannel water quality monitoring are
listed in Tables 8a, 8b, and 8c. Laboratory quality objectives are based on the reported bias and precision
limitations of each analytical method (Ecology 1993). Standard field methods will be used throughout each
portion of the project to improve precision and bias associated with random and systematic errors in field
measurements. Groundwater purging and sampling will be performed consistent with the EPA’s low-flow
groundwater sampling procedure, as described in EPA (1996) and Puls and Barcelona (1996). Source water
sampling will be performed according to Ecology’s document, “How to do Stormwater Sampling” (Ecology
2002) and the EPA’s NPDES Storm Water Sampling Guidance Document (EPA 1992). Chemical analysis of

groundwater samples will be performed by an accredited laboratory.

Table 8a. Field Measurement Quality Objectives

Check Matrix Lowest
Standard Duplicate Matrix Spike- Concentrations of
Parameter! (LCS) Samples Spikes Duplicates Interest
% Relative % Relative Units of
Recovery Percent Recovery Percent Concentration®
Limits Difference Limits Difference®
(RPD) (RPD)
Turbidity +£10 NTU +10% NA NA NA
Conductivity + 10 mS/cm +10% NA NA 25 umhos/cm @25 C
pH £0.2 £0.1 NA NA NA
Temperature +0.1C + 5% NA NA NA
Dissolved Oxygen + 0.2 mg/L NA NA NA 0.2 mg/L
ORP® +10 mV +10% NA NA NA

“Turbidity, conductivity, pH, temperature, ORP and dissolved oxygen are measured in the field. Accuracy will be ensured daily by

calibration and standard checks.
’RPD values are stated as maximum allowable differences from field check standards.
*0ORP = oxidation reduction potential

“NTU = nephelometric turbidity units; mS/cm = milliSiemens per centimeter; C = degrees Celsius; mg/L = milligrams per liter; mV =

millivolts; umhos/cm = micromhos per centimeter.
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Table 8b. Groundwater Laboratory Measurement Quality Objectives®
Check Matrix Lowest
Standard Duplicate Matrix Spike- Concentrations
Parameter? (LCS) Samples Spikes Duplicates of Interest
Relative Relative
% Percent % Percent
Recovery | Difference | Recovery Difference Units of
Limits (RPD) Limits (RPD) Concentration®

TPN, dissolved 80-120% +20% 75-125% +20% 0.1 mg/L
Nitrate+Nitrite-N, dissolved | 90-110% +20% 75-125% +20% 0.1 mg/L
Total Phosphorus 80-120% +20% 75-125% +20% 0.01 mg/L
Coliform, total NA + 40% NA NA 1CFU
Coliform, fecal NA + 40% NA NA 1CFU
Chloride, dissolved 90-110% +20% 75-125% +20% 1 mg/L
TSS 80-120% +20% 75-125% +20% 1 mg/L
DS 80-120% +20% 75-125% *20% 1 mg/L
TPH 80-120% +20% 75-125% +20% 0.2 mg/L
Iron, dissolved 85-115% +20% 75-125% +20% 50 ug/L
Manganese, dissolved 85-115% +20% 75-125% +20% 10 ug/L
RCRA 8 Metals (Silver, | 85-115% +20% 75-125% *20% NA
Arsenic, Barium,
Cadmium, Chromium,
Lead Selenium, Mercury)

"Note that this table is constructed with the same units used to report results for laboratory QC analyses. Information on the default
QC sample types and QC limits can be obtained from the laboratory that will be performing the analyses.

*TPN = total persulfate nitrogen; TSS = total suspended solids; TDS = total dissolved solids; TPH = total petroleum hydrocarbons;
RCRA = Resource Conservation and Recovery Act.

3mg/L = milligrams per liter; CFU = colony-forming units; ug/L = micrograms per liter; NA = not applicable.

Table 8c. Surface Water Laboratory Measurement Quality Objectives®

July 10, 2009

Check Matrix Lowest
Standard Duplicate Matrix Spike- Concentrations
Parameter? (LCS) Samples Spikes Duplicates of Interest
Relative Relative
% Percent % Percent
Recovery | Difference | Recovery Difference Units of
Limits (RPD) Limits (RPD) Concentration?
TPN, dissolved 80-120% +20% 75-125% +20% 0.1 mg/L
Nitrate+Nitrite-N, dissolved | 90-110% +20% 75-125% +20% 0.1 mg/L
Total Phosphorus 80-120% +20% 75-125% +20% 0.01 mg/L
Coliform, total NA + 40% NA NA 1CFU
Coliform, fecal NA + 40% NA NA 1CFU
BOD 80-120% +20% NA NA 1 mg/L
CcOoD 80-120% +20% NA NA 1 mgiL
TSS 80-120% +20% 75-125% +20% 1 mg/L
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Arsenic,
Cadmium,

Barium,
Chromium,
Lead Selenium, Mercury)

Check Matrix Lowest
Standard Duplicate Matrix Spike- Concentrations
Parameter (LCS) Samples Spikes Duplicates of Interest
Relative Relative
% Percent % Percent
Recovery | Difference | Recovery Difference Units of
Limits (RPD) Limits (RPD) Concentration®
DS 80-120% +20% 75-125% +20% 1 mg/L
TPH 80-120% +20% 75-125% +20% 0.2 mg/L
Chloride, dissolved 90-110% +20% 75-125% +20% 1 mg/L
Iron, dissolved 85-115% +20% 75-125% +20% 50 ug/L
Manganese, dissolved 85-115% +20% 75-125% +20% 10 ug/L
RCRA 8 Metals (Silver, | 85-115% +20% 75-125% +20% NA

"Note that this table is constructed with the same units used to report results for laboratory QC analyses. Information on the default

QC sample types and QC limits can be obtained from the laboratory that will be performing the analyses.

*TPN = total persulfate nitrogen; BOD = biochemical oxygen demand; COD = chemical oxygen demand; TSS = total suspended solids;
TDS = total dissolved solids; RCRA = Resource Conservation and Recovery Act.

3mg/L = milligrams per liter; CFU = colony-forming units; ug/L = micrograms per liter; NA = not applicable.
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SAMPLING PROCESS DESIGN (EXPERIMENTAL DESIGN)

GENERAL

The objectives of this study will be achieved through collection of field data and performance of analyses.
Experimental design in this section is divided into six subheadings including a subsurface exploration
program, baseline groundwater quality monitoring, long-term groundwater monitoring, hydrogeologic
analyses, geophysical investigation, and source water quality monitoring.

SUBSURFACE EXPLORATION PROGRAM

Monitoring Well Drilling and Installation

Drilling

Monitoring wells will be drilled and installed in each of the three paleochannels for groundwater quality
monitoring and subsurface exploration. A total of about 10 monitoring wells, MW-1 through MW-10, will be
installed in the approximate locations shown in Experimental Design, Figure 5. Drilling will be performed
using conventional air-rotary or rotosonic drilling techniques. Drilling and well installation activities will be
continuously monitored by a geologist or engineer who will collect, examine, and classify representative soil
samples and maintain a detailed log of the explorations. During drilling, soil samples will be obtained at a
maximum 5-foot-depth interval using a an approximate 2-inch-diameter split spoon sampler driven by a 140-
pound hammer free falling a distance of about 30 inches. The number of hammer strokes required to drive the
sampler the last 12 inches, or other indicated distance, will be recorded on boring logs.

Monitoring wells will be located in the field by pacing and taping from existing physical features or by using
a GPS locating device. The elevation of the top of the P\VC monitoring wells will be surveyed. Monitoring
well locations and elevations should be considered accurate to the degree inferred by the methods which are
used.

Soil will be classified in general accordance with the Unified Soil Classification System. A boring and well
construction log will be completed for each monitoring well.

Well Construction and Development

Monitoring wells will be constructed using approximate 2-inch-diameter Schedule 40 polyvinyl chloride
(PVC) riser and well screen material. Well screen slot size will be about 0.010 inches. Well screen length
will be a minimum of 20 feet and placed across the groundwater table. Clean 10-20 Colorado silica sand will
be used as filter pack. Bentonite grout and/or medium bentonite chips should be used as impermeable
backfill. At the ground surface, the wells will be protected by locking steel above-ground monuments.

After installation, monitoring wells will be developed by a combination of pumping and surging until purge
water is relatively clear and free of suspended sediment.

Installation of Monitoring Equipment

Dedicated bladder pumps outfitted with dedicated polyethylene tubing will be installed in newly constructed
monitoring wells that are to be included in the monitoring program. Compressed gas is delivered to the
pump, which contains a bladder filled with groundwater. The compressed gas exerts pressure on the bladder,
forcing groundwater to the surface. A pump controller is connected to the compressed gas and pump tubing,
controlling the amount of pressure and timing the release of gas. Low-flow purging and sampling is achieved
through the repeated filling and emptying of the bladder using a compressed gas such as nitrogen. Relative to
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conventional sampling techniques, the benefits of this approach include reduced sample turbidity, reduced
sampling purge volume, reduced sampling and decontamination time, reduced likelihood of cross-
contamination, and greatly improved sample quality.

Pressure transducers and data loggers will be installed in a selected number of monitoring wells for the
continuous collection of water level and temperature data. The transducer consists of a data logger, pressure
transducer, long-life battery, and temperature sensor encapsulated in a sealed stainless steel housing. Water
level and temperature measurements will be accurate to within 0.05 percent and able to withstand from 13 feet
to 325 feet of water level fluctuation depending on the model selected. The temperature sensor will be able to
withstand temperatures of -10 degrees to 40 degrees Celsius.

Equipment will also be installed for continuously monitoring barometric pressure in the study area.
Barometric pressure data will be used to correct water level data for barometric fluctuation, which can be a
significant source of error during long-term monitoring projects. The barologger consists of a sensor which
records pressure fluctuations in air rather than water. Algorithms are used to correct for discrepancies in the
transducer related to moisture buildup or lag in the water level compensation calculations. It is accurate to
within 0.003 feet. Barologgers will be installed within 5 miles of each pressure transducer installed for the
purpose of monitoring groundwater levels.

Existing Wells

About an additional 10 existing water supply wells will be selected for use in the subsurface exploration
program and baseline and long-term groundwater monitoring. Ten wells preliminarily have been
recommended for use in this study, the approximate locations of which are shown in Figure 5. Water well
reports for these wells are included in Appendix A. Table 9 presents well ownership and location of these
existing wells. The following criteria were used to preliminarily select existing wells for sampling, and will
be confirmed before use in this study:

o Awell log must be available for the well, and include the well owner’s name, well location, geologic
description, and well construction information.

e The well must be constructed in compliance with Chapter 173-160 of the Washington Administrative
Code (WAC), including an adequate surface seal.

o The well must be completed in a paleochannel aquifer, preferably in the upper portion of the aquifer.
e The current well owner must grant access to the well for monitoring and sampling.

o The well should not have a water treatment device or a large storage tank that can not be bypassed
during purging and sampling.

o Wells should be distributed to provide representative coverage of each paleochannel aquifer.
Wells will be located in the field using a global positioning system (GPS) locating device. Well owners will
be contacted to discuss participation in the study and confirm well suitability. The ground surface elevation

of the top of the wells will be surveyed. Locations will be plotted using geographic information system (GIS)
software.

Table 9. Recommended Existing Wells

Well Owner Location of Well* Paleochannel
Darrell Whippell SE SE S2, T 25N, R 41E Deep Creek
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Well Owner Location of Well* Paleochannel
George Wilson SW NE S11, T 25N, R 41E Deep Creek
W Scott Barratt SE SE S10, T 25N, R 41E Deep Creek
Harold Brady SE NE S6, T 26N, R 41E Airway Heights
City of Airway Heights SE SE S26, T 25N, R 41E Airway Heights
Clarence Moore SE SE S3, T 24N, R 41E Airway Heights
Hunt-Mayfield SW SE S15, T 24N, R 41E Airway Heights
WSDP Riverside State Park NW SE S3, T 26N, R 41E Airport
Keith Worley NW SE S8, T 25N, R 42E Airport
ABC Mini Storage SE SE S20, T 25N, R 42E Airport

'Well location given in quarter section, section (S), township (T), and range (R).

BASELINE GROUNDWATER QUALITY MONITORING

Baseline groundwater quality and water level elevation within selected paleochannel wells will be established
over a 1-year monitoring period. Wells will be sampled for nutrients, metals, bacteria, total dissolved solids,
total organic carbon, selected anions and cations, petroleum hydrocarbons and water quality parameters such
as turbidity, temperature, pH, dissolved oxygen, conductivity, and oxidation reduction potential. Newly
installed monitoring wells and existing source water wells selected in the subsurface exploration program will
be used for baseline groundwater quality monitoring. Wells were selected based on the following objectives:

e To achieve adequate coverage of the areal extent of the paleochannels. Water quality within the
study aquifers likely will vary considerably between paleochannels and within each paleochannel.

o Within and down-gradient of areas characterized by key future land-uses, such as industrial and
residential.

e Located down-gradient of specific potential contaminant sources. Contaminant sources could include
stormwater and/or reclaimed water disposal facilities that are currently being sited and/or designed by
area municipalities.

o Within paleochannel discharge areas. Paleochannel discharge areas generally are located within the
north portion of the study area, and are suspected to discharge water either to Deep Creek or the
Spokane River.

A total of 20 wells preliminarily have been selected for baseline paleochannel groundwater quality
monitoring. About 10 monitoring wells will be constructed within the three known paleochannels, and about
10 additional existing public and private water supply wells will be used for groundwater quality monitoring.
The approximate location of each preliminary well is shown in Figure 5.

Wells will be sampled for a period of 1 year. A total of eight sampling events will be conducted throughout
the year, two per quarter, from June 2009 to June 2010 or other suitable time period. No two sampling events
will be conducted in the same calendar month or separated by more than 60 days. One duplicate sample will
be collected per 10 samples taken in the field, for a total of two duplicates. One duplicate will be taken from a
monitoring well, and one from an existing source water well. Sample containers will be filled in the
following sequence:

1. Unfiltered, unpreserved samples (TDS, coliform bacteria, total petroleum hydrocarbons);

2. Filtered, unpreserved samples (chloride);
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3. Filtered, preserved nutrient samples (nitrate, nitrite, TPN);

4. Filtered, preserved inorganic samples (metals).

Each sample will be decanted into sample containers supplied by the laboratory. All groundwater samples
collected for chemical analysis will be kept cool during on-site storage and transport to the laboratory. Chain-
of-custody procedures will be observed during transport of the groundwater samples.

The accredited laboratory used for this study will maintain an internal quality assurance/quality control
program as documented in its laboratory quality assurance manual. The laboratory will use a combination of
blanks, surrogate recoveries, duplicates, matrix spike recoveries, matrix spike duplicate recoveries, blank
spike recoveries and blank spike duplicate recoveries to evaluate the analytical results. The laboratory also
will use data quality goals for individual chemicals or groups of chemicals based on the long-term
performance of the test methods. The data quality goals will be included in the laboratory reports. The
laboratory will compare each group of samples with the existing data quality goals and note any exceptions in
the laboratory reports.

LONG-TERM GROUNDWATER MONITORING

Long-term groundwater elevation and water quality will be established through a monitoring program to
evaluate background concentrations and identify future trends. A similar program to baseline groundwater
quality monitoring will be used. Wells will be sampled for nutrients, metals, bacteria, total dissolved solids,
total organic carbon, selected anions and cations, petroleum hydrocarbons and water quality parameters such
as turbidity, temperature, pH, dissolved oxygen, conductivity, and oxidation reduction potential. Newly
installed monitoring wells and existing source water wells selected in the subsurface exploration program and
used for baseline groundwater monitoring will be used for long-term groundwater monitoring.

The approximately 20 wells preliminarily selected for baseline monitoring will be incorporated into the long-
term groundwater monitoring program.

Wells will be sampled for a period of about 10 years following the completion of baseline groundwater
monitoring. A total of four sampling events will be conducted each year, one per quarter, from June 2010 to
June 2020. One duplicate sample will be collected per ten samples taken in the field, for a total of two
duplicates per sampling event. One duplicate will be taken from a monitoring well, and one from an existing
source water well. Sample containers will be filled in the following sequence:

1. Unfiltered, unpreserved samples (TDS, coliform bacteria, total petroleum hydrocarbons);
2. Filtered, unpreserved samples (chloride);
3. Filtered, preserved nutrient samples (nitrate, nitrite, TPN);
4. Filtered, preserved inorganic samples (metals).
Each sample will be decanted into sample containers supplied by the laboratory. All groundwater samples

collected for chemical analysis will be kept cool during on-site storage and transport to the laboratory. Chain-
of-custody procedures will be observed during transport of the groundwater samples.

The accredited laboratory used for this study will maintain an internal quality assurance/quality control
program as documented in its laboratory quality assurance manual. The laboratory will use a combination of
blanks, surrogate recoveries, duplicates, matrix spike recoveries, matrix spike duplicate recoveries, blank
spike recoveries and blank spike duplicate recoveries to evaluate the analytical results. The laboratory also
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will use data quality goals for individual chemicals or groups of chemicals based on the long-term
performance of the test methods. The data quality goals will be included in the laboratory reports. The
laboratory will compare each group of samples with the existing data quality goals and note any exceptions in
the laboratory reports.

HYDROGEOLOGIC ANALYSES

Hydrogeologic analyses will be conducted using data obtained during subsurface exploration and the baseline
groundwater quality monitoring program. The following hydrogeologic analyses will be performed:

o Define approximate boundaries and recharge areas for the paleochannel aquifers, based on interpreted
paleochannel aquifer geometry and the regional hydrogeologic conceptual model developed during
project execution.

o Evaluate seasonal variability in aquifer hydraulic gradient and groundwater flow direction. Seasonal
hydraulic gradient and flow direction in each paleochannel aquifer will be estimated based on
collected groundwater level monitoring data.

o Estimate the volume of groundwater (flux) transported by the paleochannel aquifers to down-gradient
discharges areas. Flux will be calculated at a minimum of two locations (perpendicular to flow
direction) within each paleochannel aquifer. One of the two locations will be the respective
paleochannel aquifer outlet. Flux will be calculated using a Darcy’s Law-based approach.

e Estimate the quantity of contaminants (loading), such as phosphorus, that are discharged from
paleochannel aquifers to down-gradient surface water. Loading will be calculated based on the flux
estimates calculated above, groundwater quality data, and baseflow contribution estimates.

GEOPHYSICAL INVESTIGATION

The purpose of the geophysical investigation is to obtain supplemental information about the geometry and
extent of the Deep Creek Paleochannel. Seismic refraction surveys will be conducted to estimate the depth to
bedrock within the Deep Creek Paleochannel and to potentially define the southern terminus of the Deep
Creek Paleochannel.

A seismic refraction survey involves transmitting a physical wave through the subsurface and recording select
components of the return signal at highly sensitive electronic receivers (geophones) placed in the ground.
Specifically, seismic refraction directly measures travel time between the source and geophone of the first
arrival compression waves generated by striking a sledge hammer on a metal plate placed on the ground. The
signal travels through subsurface material until a reflective surface is encountered. This reflective surface is
created by a change in seismic velocity interpreted to be a change in lithology. The depths and seismic
velocities of subsurface units encountered can therefore be interpreted from the recorded travel times. The
seismic array for each survey line will consist of multiple geophones, placed in-line at 10-foot to 20-foot
intervals.

A total of seven planned seismic refraction lines are presented in Figure 5. Each is situated perpendicular to
the long axis of the paleochannel and extends across the full width of the channel. Each seismic refraction
line will be located in an open area relatively free of obstructions. Landowner agreement will first be secured
before seismic refraction surveys are conducted on private property. Permits will be acquired from area
municipalities for investigative work performed on public property.
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SOURCE WATER QUALITY MONITORING

A source water quality monitoring program will be employed to evaluate contaminant concentrations in
potential stormwater sources. Sampling procedures are based on the EPA NPDES Storm Water Sampling
Guidance Document (EPA 1992). The source water quality monitoring study will be conducted concurrent
with the long-term groundwater monitoring study for a period of 10 years, from about June 2010 to June
2020. Four sampling events will be conducted each year when stormwater runoff volumes are significant.
Existing and future stormwater sources will be identified as more information becomes available.

Source water reconnaissance will be conducted during significant storm events to evaluate the hydraulic flow
regime of the drainage way and to delineate areas with significant infiltration capacity. The primary purpose
of the proposed chemical analytical data is to assist in the evaluation of the impact that infiltrated stormwater
has on water quality in the aquifer beneath the site and down-gradient areas. Drainage way surficial soil type,
vegetative coverage and other pertinent features will be noted. A field log will be maintained and photographs
collected to document field conditions. Source water hydrologic data will be collected during at least two
precipitation events each spring and two events each fall. Each precipitation event will include the following:

e Manually measure the groundwater level in each nearby monitoring well.
e Measure flow near the storm drain outlet that directs stormwater to the paleochannel.

e Collect one sample at the storm drain outlet for water quality and chemical analysis.

Each stormwater sample will be decanted into sample containers supplied by the laboratory. All samples
collected for chemical analysis will be kept cool during on-site storage and transport to the laboratory. Chain-
of-custody procedures will be observed during transport of the groundwater samples.

The accredited laboratory used for this study will maintain an internal quality assurance/quality control
program as documented in its laboratory quality assurance manual. The laboratory will use a combination of
blanks, surrogate recoveries, duplicates, matrix spike recoveries, matrix spike duplicate recoveries, blank
spike recoveries and blank spike duplicate recoveries to evaluate the analytical results. The laboratory also
will use data quality goals for individual chemicals or groups of chemicals based on the long-term
performance of the test methods. The data quality goals will be included in the laboratory reports. The
laboratory will compare each group of samples with the existing data quality goals and note any exceptions in
the laboratory reports.

SAMPLING PROCEDURES

Groundwater and surface water sampling will be conducted for this study. Groundwater well sampling will
be applicable for baseline and long-term groundwater monitoring programs, and surface water sampling will
be applicable for the source water quality monitoring program. A summary of required containers, sample
size, preservation, holding time requirements for each laboratory parameter is listed in Table 10. Note that all
parameters will be analyzed for in surface water samples, and all but BOD and COD will be analyzed for in
groundwater samples.

Table 10. Sample Containers, Preservation and Holding Times

Minimum
Quantity Holding
Parameter! Matrix Required? Container® Preservative* Time
TPN, dissolved Water 125 mL 125mL HDPE NA 48 hours
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Minimum
Quantity Holding
Parameter! Matrix Required? Container® Preservative* Time

Nitrate+Nitrite-N, dissolved | Water 125 mL 125mL HDPE NA 48 hours
Total Phosphorus Water 1L 500 mL HDPE H,SO, pH<2 7 days
Coliform, total Water 125 mL 125mL HDPE Sodium Thiosulfate 30 hours
Coliform, fecal Water 125 mL 125mL HDPE Sodium Thiosulfate 30 hours
BOD Water 500 mL 500 mL HDPE NA 30 hours
COD Water 500 mL 500 mL HDPE H,SO, pH<2 30 hours
TSS Water 1L 1L HDPE NA ASAP®
TDS Water 1L 1L HDPE NA 7 days
Chloride, dissolved Water 125 mL 125mL HDPE NA 48 hours
TPH Water 1L 1L Amber Glass NA 7 days
Iron, dissolved Water 125 mL 125mL HDPE HNO; pH<2 6 months
Manganese, dissolved Water 125 mL 125mL HDPE HNO; pH<2 6 months
RCRA 8 Metals (Silver, | Water 500 mL 500mL HDPE HNO; pH<2 6 months
Arsenic, Barium, Cadmium,
Chromium, Lead, Selenium,
Mercury)

'TPN = total persulfate nitrogen; BOD = biochemical oxygen demand; COD = chemical oxygen demand; TSS = total suspended solids;
TDS = total dissolved solids; TPH = total petroleum hydrocarbons.

2mL = milliliters; L = liter.

®HDPE = high density polyethylene
“*H,S0, = sulfuric acid; HNO; = nitric acid; NA = no preservative required.
®ASAP = as soon as possible.

Monitoring wells, groundwater supply wells, and source water will be sampled during portions of this study.
Each monitoring well, groundwater supply well, and stormwater source will be sampled separately stored in
laboratory-prepared bottles. Each sample bottle will be labeled with the sample name according to the
following format:

Monitoring well samples will be named using the following format:
MW-Well Number-Date(MMDDYY)
Groundwater supply well samples will be named using the following format:
Well Name-Date(MMDDYY)

Source water samples will be named using the following format:
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SW-Source Number-Date(MMDDYY)

For example, a sample collected from monitoring well MW-1 on June 1, 2009 would have the following
sample name: MW-1-060109. Following the sample name, the time and date of collection, sampler’s name,
analyte, and preservative will be noted. Sample names, the date and time of collection, and the analyte will be
noted on a standard chain of custody form. Samples will be stored in a chilled container and delivered to an
accredited laboratory within holding time limits.

Field notes will be prepared for each sampling event. The field representative’s name, date, time, weather
conditions, field procedures used, and all measurements taken in the field will be noted in each log. Each
sample name, date, and sample time will also be recorded along with any field QA/QC procedures employed.
Photographs of the site will be taken periodically as appropriate.

GROUNDWATER SAMPLING, MONITORING WELLS

Groundwater samples will be collected from selected monitoring wells for water quality and chemical
analysis. Groundwater purging and sampling will be performed consistent with the EPA’s low-flow
groundwater sampling procedure, as described in EPA (1996) and Puls and Barcelona (1996). During
purging activities, water quality parameters, including pH, temperature, conductivity, dissolved oxygen, and
turbidity will be measured. The water quality meter used to collect these parameters will be calibrated prior
to use following manufacturer procedures. Groundwater samples will be collected after (1) water quality
parameters are stabilized or (2) a maximum purge time of one-half hour is achieved. During purging and
sampling, drawdown will not exceed 0.3 feet and purge rate will not exceed 400 milliliters per minute. Water
quality parameter stabilization criteria include the following:

e Turbidity: +10 percent for values greater than 5 NTU;
e Conductivity: £3 percent;

e pH: £0.1 unit;

e Temperature: £3 percent; and

e Dissolved oxygen: £ 10 percent.

Duplicate samples will be collected at a frequency of one per 10 primary samples to verify laboratory
accuracy.

The samples will be transferred in the field from the sampling device to laboratory-prepared containers for
analysis of nutrients, metals, bacteria, total suspended solids, total dissolved solids, total organic carbon,
selected anions and cations, and petroleum hydrocarbons. Samples will be placed into a chilled cooler and
transported to the analytical laboratory following completion of sampling. Chain-of-custody procedures will
be observed and groundwater samples kept cool during transport to the laboratory.

GROUNDWATER SAMPLING, EXISTING GROUNDWATER SUPPLY WELLS

Groundwater samples will be collected from selected existing groundwater supply wells for water quality and
chemical analysis. Both public and private wells were selected for this study. Access must be granted by the
well owner before sampling can proceed.

Groundwater purging and sampling will be performed consistent with the US Geological Survey (USGS)
National Field Manual for the Collection of Water Quality Data (USGS 2006). Because pumps and other
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equipment are anticipated to be in each water supply well, low-flow sampling procedures are not feasible.
Samples will be collected from an existing sampling port or tap. The tap will be turned on and allowed to
discharge groundwater for approximately 10 minutes at two gallons per minute or until at least one well
volume has been evacuated before sampling. Groundwater will be discharged at least 150 feet from the well.

Water quality parameters including pH, temperature, conductivity, dissolved oxygen, and turbidity will be
measured prior to sampling. The water quality meter used to collect these parameters will be calibrated prior
to use following manufacturer procedures. Duplicate samples will be collected at a frequency of one per ten
primary samples to verify laboratory accuracy.

The samples will be transferred in the field from the sampling device to laboratory-prepared containers for
analysis of nutrients, metals, bacteria, total suspended solids, total dissolved solids, total organic carbon,
selected anions and cations, and petroleum hydrocarbons. Samples will be placed into a chilled cooler and
transported to the analytical laboratory following completion of sampling. Chain-of-custody procedures will
be observed and groundwater samples kept cool during transport to the laboratory.

SOURCE WATER SAMPLING

Stormwater samples will be collected from source water locations for water quality and chemical analysis.
Sampling techniques will be performed consistent with Ecology’s document, “How to do Stormwater
Sampling” (Ecology 2002) and the EPA’s NPDES Storm Water Sampling Guidance Document (EPA 1992).

Optimally, samples will be collected after four individual storm events each year, two in the spring and two in
the fall. A storm event should be preceded by at least 24 hours of zero to trace precipitation and have an
intensity of at least 0.1 inches of rainfall in 24 hours. Snowmelt events may also be sampled during winter or
spring after at least 24 hours of zero to trace precipitation and a rain or warm weather event on a standing
snow pack producing at least 1 inch of water.

Grab samples will be collected at each selected stormwater outlet using laboratory-prepared bottles for
analysis of nutrients, metals, bacteria, total suspended solids, total dissolved solids, total organic carbon,
selected anions and cations, petroleum hydrocarbons, biochemical oxygen demand and chemical oxygen
demand. Samples should be collected near the center of the stormwater flow. Sample containers should be
held upstream during sampling, and not allowed to overfill. Water quality parameters such as temperature,
pH, turbidity, dissolved oxygen, ORP and conductivity will be measured in the field consistent with
groundwater sampling procedures.
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MEASUREMENT PROCEDURES
FIELD MEASUREMENTS

Groundwater Elevations

Depth to groundwater will be measured relative to the monitoring well casing rims using an electric water
level indicator. The probe of the water level indicator will be decontaminated between wells with a detergent
wash, a tap water rinse, and a distilled water rinse. Groundwater table elevations will be calculated by
subtracting the depth to the water table from the casing rim elevations.

Groundwater elevation and temperature will be measured continuously in monitoring wells. A pressure
transducer and data logger will be installed below the seasonal low groundwater elevation and programmed to
record data at a 4-hour interval. Barometric pressure transducers will also be installed in selected monitoring
wells to continuously monitor barometric pressure in the study area. Barometric pressure data will be used to
correct water level data for barometric fluctuation, which can be a significant source of error during long-term
monitoring projects

Hydraulic Conductivity

Slug tests will be employed to provide a point estimate of hydraulic conductivity in the immediate vicinity of
the tested well. A slug test is performed by rapidly raising or lowering the water level in a well and
measuring the subsequent change in water level as it recovers to a static position. Raising the water level is
achieved by quickly lowering a slug (in this case a sealed PVC pipe filled with impermeable material) used to
displace water in the well. The subsequent decrease in water level to the static position constitutes a falling-
head slug test. Lowering the water level is achieved by quickly removing the slug from the water column.
The subsequent increase in water level to the static position constitutes a rising-head slug test.

Water level data will be recorded by a pressure transducer and data logger. After slug testing, the data will be
downloaded, reduced, and analyzed for hydraulic conductivity using a solution derived by Bouwer and Rice
(1976) and updated by Bouwer (1989).

Groundwater Quality

During purging activities, water quality parameters, including turbidity, conductivity, pH, oxidation-reduction
potential (ORP), and temperature will be measured using a Horiba U-22XD-10 multi-parameter meter
equipped with a flow-through cell (or equivalent) and recorded. The meter will be calibrated on a daily basis
in a manner consistent with manufacturer procedures.

Dedicated well discharge tubing will be connected to the Horiba flow-through cell, allowing groundwater to
continuously flow through the cell. Each water quality parameter will be measured simultaneously using a
series of sensors. After the completion of water quality measurement, the flow-through cell will be
disconnected from the discharge tubing prior to sampling. Table 11 presents the suggested measurement
method and expected range of results for each water quality parameter.
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Table 11.

Measurement Methods (Field)

Measurement Expected Range of
Parameter Method Results?
Turbidity Horiba U-22XD-10 | 0 - 50 NTU
- multi-parameter meter
Conductivity equipped with flow- 30 —1500 umhos/cm
pH through cell 55-8.0
ORP' 25-300
Temperature 8-15°C
Dissolved Oxygen 0.1-18

'ORP = oxidation reduction potential

®NTU = nephelometric turbidity units; umhos/cm = micromhos per centimeter; °C = degrees Celsius.

LABORATORY MEASUREMENTS

Chemical analysis of groundwater and surface water will be performed by an accredited laboratory. Sample
containers will be provided by the laboratory, as described in Table 9. After collection in the field, samples
will be transferred to laboratory-prepared containers. Samples will be placed into a chilled cooler and
transported to the analytical laboratory following completion of sampling. Laboratory measurement methods

are detailed in Table 12.

Table 12. Measurement Methods (Laboratory)*

Expected Range of

Analyte? Method? Reporting Limit Results
TPN, dissolved SM 4500N-C 0.05 mg/L 0.05-5.0 mg/L
Nitrate-N, dissolved EPA 300.0 0.5 mg/L 0.5-15.0 mg/L
Nitrite-N, dissolved EPA 300.0 0.5 mg/L 0.5-1.0 mg/L
Total phosphorus SM 4500 PF 0.01 mg/L 0.01- 0.5 mg/L
Coliform, total (MF) SM 9223B-PA NA P-A
Coliform, fecal (MF) SM 9223B-PA NA P-A
BOD SM 5210B 4.0 mg/L 4 — 25 mg/L
coD EPA 410.4 5.0 mg/L 5— 25 mg/L
TSS EPA 160.2 10 mg/L
TDS EPA 160.1 150 mg/L 150 — 350 mg/L
Chloride, dissolved EPA 300.0 20 mg/L 20 — 25 mg/L
TPH EPA 8015 MOD 0.250 mg/L 0.250 — 0.50 mg/L
Iron, dissolved EPA 200.8 0.1 mg/L 0.1-1.0 mg/L
Manganese, dissolved EPA 200.8 0.01 mg/L 0.01 - 0.10 mg/L
RCRA 8 Metals (Silver, Arsenic, Barium, | EPA 6020/EPA 7471A Varies Varies

Cadmium, Chromium, Lead Selenium, Mercury)

! aboratory QA manuals for Anatek Labs in Spokane, Washington were used as an example for standard laboratory procedures, and

are available at http://www.anateklabs.com.

*TPN = total persulfate nitrogen; N = nitrogen; BOD = biochemical oxygen demand; COD = chemical oxygen demand; TSS = total
suspended solids; TDS = total dissolved solids; TPH = total petroleum hydrocarbons; RCRA = Resource and Recovery Act.

3SM = Standard Method; EPA = Environmental Protection Agency Method
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QUALITY CONTROL

FIELD

Laboratory-blind duplicate samples for each parameter will be collected in the field to check for overall
precision. One duplicate will be collected from one monitoring well and one existing groundwater supply
well for each sampling event. One field blank will also be collected per sampling event to check for
contamination from ambient sources. Temperature blanks will be collected in the field and added to each
cooler transported to the laboratory.

Industry standard methods for groundwater level measurements will be followed throughout this study.
Water level meters will be decontaminated between each well, and inspected to verify they are working
properly. Water level measurements will be recorded to the nearest 0.01 feet and checked twice to ensure
accuracy.

Sample collection will be conducted using standard methods to prevent sample contamination. The following
procedures will be followed for each site to promote quality control during field activities:

o Clean sampling gloves will be worn by field personnel and changed regularly. New gloves will be
worn prior to handle any equipment or bottles that could potentially come into contact with sample
groundwater.

e Sampling equipment and non-dedicated fittings and tubing will be decontaminated between each site,
thoroughly cleaned before use, and prevented from coming in contact with sample bottles.

o Each meter will be calibrated prior to use at the beginning of each sampling day and at midday.

o Samples will be kept cool during field activities and transported to the laboratory at the conclusion of
each day.

e Standard chain-of-custody procedures will be followed for all samples.

Accurate field records will be collected for each field activity. Well sampling records will include the well
owner information, location, water level measurement, date and time of sampling, samples taken in the field,
sampling staff, and other observations pertinent to the field activity. Source water sampling field logs will
include the source name, location, date and time of sampling, weather and precipitation information, nearby
water level measurements taken, sampling staff, and other pertinent observations. Well drilling and
construction logs and seismic refraction survey logs will be recorded as necessary. Standard forms for field
records will be prepared before each activity, and reviewed by the project manager.

Field Quality Control Evaluation

A field quality control evaluation will be conducted by reviewing field log books and daily reports, discussing
field activities with staff, and reviewing field quality control (QC) samples (trip blanks, equipment rinsates,
and field duplicates). Field blanks will be evaluated using the same criteria as method blanks.

LABORATORY

The accredited laboratory used for this study maintains an internal quality assurance/quality control program
as documented in its laboratory quality assurance manual. The laboratory uses a combination of blanks,
surrogate recoveries, duplicates, matrix spike recoveries, matrix spike duplicate recoveries, blank spike
recoveries and blank spike duplicate recoveries to evaluate the analytical results. The laboratory also uses
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data quality goals for individual chemicals or groups of chemicals based on the long-term performance of the
test methods. The data quality goals will be included in the laboratory reports. The laboratory will compare
each group of samples with the existing data quality goals and note any exceptions in the laboratory reports.
Table 13 presents the type and frequency of each QC sample as determined by standard operating procedures
and environmental methods (NEMI 2008).

Laboratory Data Quality Control Evaluation
The laboratory data assessment will consist of a formal review of the following quality control parameters:
e Holding times
e Method blanks
e Matrix spike/spike duplicates
o Laboratory control spikes/spike duplicates

e Surrogate spikes

e Replicates

In addition to these quality control mechanisms, other documentation such as cooler receipt forms and case
narratives will be reviewed.

Table 13. QC Samples, Types and Frequency

Parameter® Laboratory?
Check Method Analytical Matrix
Standards Blanks Duplicates Spikes
TPN, dissolved 1/batch 1/batch 1/batch 10% of samples
Nitrate-N, dissolved 1/batch 1/batch 1/batch 10% of samples
Nitrite-N, dissolved 1/batch 1/batch 1/batch 10% of samples
Total Phosphorus 1/batch 1/batch 1/batch 10% of samples
Coliform, total (MF) NA 2/batch NA NA
Coliform, fecal (MF) NA 2/batch NA NA
BOD 1/batch NA 1/batch NA
COD NA 1/batch 1/batch 1/batch
TSS NA 1/batch 1/batch NA
TDS NA 1/batch 1/batch NA
Chloride, dissolved 1/batch 1/batch 1/batch 10% of samples
Total petroleum hydrocarbons, gasoline 1/12 hours 1/12 hours 1/batch 1/batch
Total petroleum hydrocarbons, diesel 1/batch 1/batch 1/batch 1/batch
Iron, dissolved 1/batch 1/batch 1/batch 10% of samples
Manganese, dissolved 1/batch 1/batch 1/batch 10% of samples
RCRA 8 Metals (Silver, Arsenic, Barium, | 1/batch 1/10 samples 1/20 samples 1/12 hours or each
Cadmium, Chromium, Lead Selenium, Mercury) analytical run

'TPN = total persulfate nitrogen; N = nitrogen; BOD = biochemical oxygen demand; COD = chemical oxygen demand; TSS = total
suspended solids; TDS = total dissolved solids; RCRA = Resource and Recovery Act.

2One batch may not exceed 20 samples.
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DATA MANAGEMENT PROCEDURES

FIELD DATA

Field data will be recorded by field personnel during field activities and reviewed at the end of each day for
accuracy and completeness. Data and field information will be checked by the project manager. Forms will
be prepared prior to field activities and follow a standard format throughout the study. Field data
documentation includes the following criteria as applicable:

e Well or land ownership.

e Sample collection information.

e Field instrumentation and calibration.

e Climate and precipitation information.

e Sample collection protocol.

e Sample containers, preservation and volume.

o Field QC samples collected at the frequency specified.

e Sample documentation and chain of custody (COC) protocols.

e Sample shipment.

LABORATORY DATA

Data obtained by the laboratory will be recorded and reported to the project manager. An Excel spreadsheet
will be created in preparation for reporting and submittal to Ecology. The laboratory data will include
measurements of each parameter as well as the following quality control parameters:

e Holding times

e Method blanks

e Matrix spike/spike duplicates

o Laboratory control spikes/spike duplicates

e Surrogate spikes

o Replicates

In addition to these quality control mechanisms, other documentation such as cooler receipt forms and case
narratives will be reviewed to evaluate laboratory QA/QC.

DATA STORAGE

Laboratory data and data collected during field activities will be entered into Microsoft Excel spreadsheets (or
equivalent) and stored in a project database. Hard copies of each Excel spreadsheet will be kept on file in a
project folder.
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OBTAINING EXISTING DATA

Readily obtainable existing water quality and paleochannel geometry information has been collected by
GeoEngineers and included in the report, “Background Data Compilation and Data Gap Evaluation,
Paleochannel Aquifers,” (GeoEngineers 2008).

AUDITS AND REPORTS

The WRIA 54 Planning Unit is responsible for assigning the preparation and peer review of reports.
Consultants are yet to be selected to complete these tasks for each portion of this study. One report will be
written after each of the main field events, including the subsurface exploration program, baseline water
quality monitoring program, geophysical investigation, and after each year of the long-term groundwater
quality monitoring program and source water monitoring program.

Each report will follow a standardized format and include the following elements:

e Executive Summary
e Table of Contents
e Introduction
e Site Background
e Scope of Services
o Field Activities
o Results and/or Analysis
o Summary and Conclusions
o Appendices
o0 Field Methods
Field Data
Laboratory Analytical Data
Field and Laboratory QA/QC Review
Significant QA/QC Problems and Suggested Solutions

O O O o

Finalized results for each report will be prepared and imported to the Environmental Information Management
System (EIM) upon completion of the report.
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DATA VERIFICATION AND VALIDATION

FIELD MEASUREMENT EVALUATION

Field data will be reviewed at the end of each day by following the quality control checks outlined below and
procedures in the QAPP. Field data documentation will be checked against the applicable criteria as follows:
e Well or land ownership.
o Sample collection information.
o Field instrumentation and calibration.
o Climate and precipitation information.
e Sample collection protocol.
e Sample containers, preservation and volume.
o Field QC samples collected at the frequency specified.
e Sample documentation and chain of custody (COC) protocols.
e Sample shipment.
Cooler receipt forms and sample condition forms provided by the laboratory will be reviewed for out-of-

control incidents. The final report will contain what effects, if any, an incident has on data quality. Sample
collection information will be reviewed for correctness before inclusion in a final report.

FIELD QUALITY CONTROL EVALUATION

A field quality control evaluation will be conducted by reviewing field log books and daily reports, discussing
field activities with staff, and reviewing field QC samples (trip blanks, equipment rinsates, and field
duplicates). Trip blanks and equipment rinsates will be evaluated using the same criteria as method blanks.

LABORATORY DATA VALIDATION

The data validation will be performed by the Quality Assurance Leader to determine if the MQOs have been
met. Data validation will include reviewing laboratory reports for data quality exemptions and review of
surrogates, matrix spike/matrix spike duplicates, duplicates, and blank data. Data validation will also include
reviewing field reports for procedures that might affect laboratory results, reviewing hold times relative to
extraction and analysis times, and estimating data quality relative to data quality objectives.
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DATA QUALITY (USABILITY) ASSESSMENT

The data collected during this study will be used to assess water quality in the Deep Creek, Airway Heights,
and Airport paleochannels. A data quality assessment will be performed to evaluate if the field and laboratory
data collected in each portion of this study has met the goals and objectives in this QAPP. Data will be
assessed to assess if (a) sufficient data were collected and if (b) these data can be relied on to estimate
paleochannel aquifer water quality. Ecology’s Credible Data Policy will be followed to ensure data is
sufficient to meet goals and objectives for each portion of the study (Ecology 2006).

Data will be evaluated for compliance with Ecology’s Credible Data Policy. Four main objectives are used to
determine if data is acceptable for use in this study. Data are considered credible if:
1. QA/QC procedures were documented and followed for each field activity;

2. The samples and measurements collected were representative of current paleochannel aquifer
conditions;

3. An adequate number of samples were collected; and
4. Acceptable industry standard field and laboratory procedures were followed.

Draft data reports will be checked for data usability, reviewed by the WRIA 54 Planning Unit, and finalized
within six months of the conclusion of field activities.
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ACRONYMS

BOD = Biochemical Oxygen Demand

CEC = Cation Exchange Capacity

CFU = Colony-Forming Unit

COC = Chain of Custody

COD = Chemical Oxygen Demand

CRBG = Columbia River Basalt Group

DO = Dissolved Oxygen

DOH = Washington State Department of Health
EIM = Environmental Information Management System
EPA = Environmental Protection Agency

GIS = Geographic Information System

GPS = Global Positioning System

MQO = Measurement Quality Objective

MW = Monitoring Well

NA = Not Applicable

NEMI = National Environmental Methods Index
NPDES = National Pollutant Discharge Elimination System
ORP = Oxidation-Reduction Potential

PVC = Polyvinyl Chloride

QA = Quality Assurance

QAPP = Quality Assurance Project Plan

QC = Quiality Control

RCRA = Resource Conservation and Recovery Act
RPD = Relative Percent Difference

SAIC = Science Applications International Corporation
SIA = Spokane International Airport

TDS = Total Dissolved Solids

TPH = Total Petroleum Hydrocarbons

TPN = Total Persulfate Nitrogen

TSS = Total Suspended Solids

USGS = United States Geological Survey

WRIA = Water Resource Inventory Area
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Table 1A

Group A and B Paleochannel Wells®

WRIA 54

Lower Spokane River Watershed

Well Source Well Qtr Qtr Paleochannel Well Log
PWSID? System Name Group Owner Type Source Name Number | Depth (feet) | Section | Section |Township| Range well® Available
650 AIRWAY HEIGHTS, CITY OF A City/Town InAct 02/04/2008 Well #2 - AGG476 02 170 SW NW 25 25N 41E Likely Airway Heights No
650 AIRWAY HEIGHTS, CITY OF A City/Town Park West Well - AGG475 09 152 NE SW 2 24N 41E Likely Airway Heights No
650 AIRWAY HEIGHTS, CITY OF A City/Town Well #1 - AGGA77 01 175 SE SE 26 25N 41E Likely Airway Heights No
650 AIRWAY HEIGHTS, CITY OF A City/Town Well #3 03 80 SE NE 26 25N 41E Likely Airway Heights No
650 AIRWAY HEIGHTS, CITY OF A City/Town Well #4 - AGG479 04 180 SE SE 26 25N 41E Confirmed Airway Heights Yes
650 AIRWAY HEIGHTS, CITY OF A City/Town Well #5 05 200 SE SW 25 25N 41E Likely Airway Heights No
650 AIRWAY HEIGHTS, CITY OF A City/Town WF/S01,S04 08 175 SE SE 26 25N 41E Likely Airway Heights No
51061 COLES WATER SYSTEM B Private WELL 1 01 202 SW NE 10 24N 41E Likely Airway Heights No
24595 FAIRVIEW HEIGHTS TRAILER COURT B Investor Well #1 - AHC192 01 100 NE NW 27 25N 41E Likely Airway Heights No
545 FOUR LAKES ANG WATER SYSTEM B State WELL 1 01 270 SW SW 11 24N 41E Likely Airway Heights No
56251 GARY S WELL WATER SYSTEM B Investor WELL #1 01 55 SW SW 14 25N 41E Likely Airway Heights No
29335 GREAT NORTHERN SCHOOL DIST #312 A Special District Well #1 - ABR581 01 180 NE NE 8 25N 42E Likely Airport No
56514 GRUBER WATER SYSTEM B Investor WELL #1 01 1 NE NE 31 26N 42E Likely Airway Heights No
51144 HUNT-MAYFIELD B Private WELL 1 01 160 SE SW 15 24N 41E Confirmed Airway Heights Yes
12070 MOSS WATER SYSTEM B Investor WELL 1 01 144 -- 15 24N 41E Likely Airway Heights No
51896 OLD TRAILS COUNTRY ESTATES B Association Well A 01 723 NW SW 5 25N 42E Likely Airway Heights No
51226 PATCHEN WATER WORKS B Investor PATCHEN WELL 01 135 SW NW 25 25N 41E Likely Airway Heights No
67394 PINE GROVE APARTMENTS B Investor Well 01 01 128 NW NE 5 25N 42E Likely Airway Heights No
30852 ROBBINS, JON B Investor WELL #1 01 -- -- 6 25N 42E Likely Airway Heights No
62239 SPOKANE CO FIRE DIST 10 STA 5 B Special District WELL 1 01 160 NW NE 18 25N 42E Likely Airway Heights No
7605 SPOKANE ROCK PRODUCTS B Investor WELL 1 01 -- -- 14 24N 41E Likely Airway Heights No
83100 SPOKANE, CITY OF A City/Town InAct 08/23/1995 SIA 1(abandoned) 10 367 SE SE 29 25N 42E Likely Airport No
83100 SPOKANE, CITY OF A City/Town InAct 11/15/2001 Baxter - AHC726 07 126 SE NE 29 25N 42E Confirmed Airport Yes
SP727 WSDP RIVERSIDE SP EQUESTRIAN A State Well #1 - DOE ABR 835 01 217 NW SE 3 25N 42E Confirmed Airport Yes
Notes:

'Group A and B system data obtained from the Washington State Department of Health
2Department of Health Public Water System ID Number

Paleochannel wells verified from well logs. Wells with "likely" designation are likely located in the paleochannel, but could not be confirmed because well logs were unavailable or provided insufficient information.
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Table 1B

Private Paleochannel Wells*
WRIA 54
Lower Spokane River Watershed

Ecology Total Depth Well Qtr Qtr Paleochannel Well Log
Well ID (feet) Owner Name Depth (feet) Section Section Township Range well? Available
173888 475 Vietzke Excavating Company 475 N 1/2 26 25N 41E None Yes
164297 400 Charles Danner 400 NW SE 8 25N 42E Confirmed Airport Yes
163293 370 Arthur Tyrrell 370 SW SE 8 25N 42E Confirmed Airport Yes
168687 490 Jim Etter/ Etter Ranch 490 NE 7 25N 42E None Yes
363714 811 John McKervey 811 SE SW 1 25N 41E Confirmed Deep Creek Yes
165156 123 Darrell Whippell 120 SE SE 2 25N 41E Confirmed Deep Creek Yes
413189 160 Minnie Mollet 160 SE NE 10 24N 41E Confirmed Airway Heights Yes
170569 120 May Harma 120 NE SE 10 24N 41E Confirmed Airway Heights (shallow) Yes
169112 120 John Lund 120 NE SE 10 24N 41E Confirmed Airway Heights (shallow) Yes
171426 160 Paul Cunha 160 SE SE 10 24N 41E Confirmed Airway Heights (shallow) Yes
418381 260 Dee Konen 260 NE NE 10 24N 41E Confirmed Airway Heights (shallow) Yes
417169 200 Dave Tareski 200 SE 10 24N 41E Confirmed Airway Heights (shallow) Yes
455610 260 Douglas Dibiasi 260 NE SW 15 24N 41E Confirmed Airway Heights (shallow) Yes
170534 62 Mary Wilson 62 SW NE 15 24N 41E Confirmed Airway Heights (shallow) Yes
253282 120 Karen Nelson 120 SW SE 15 24N 41E Confirmed Airway Heights (shallow) Yes
439849 220 Robert Prenguber 220 SE 15 24N 41E Confirmed Airway Heights Yes
169218 596 John Szabo 596 SE SW 15 24N 41E Confirmed Airway Heights (shallow) Yes
176823 580 Max Jermain 172 SW 15 24N 41E Confirmed Airway Heights (shallow) Yes
170714 172 Michael Murphy 240 SW 15 24N 41E None Yes
171808 48 Ramona L. DiBiasi-Yates 48 NE SW 15 24N 41E Confirmed Airway Heights Yes
171448 130 Paul Kopplin 130 SW NW 11 24N 41E Confirmed Airway Heights Yes
417168 180 Terry Nabokowski 180 SE SE 9 24N 41E Confirmed Airway Heights Yes
455974 240 Jud Foutz 240 NW NE 10 24N 41E Confirmed Airway Heights (shallow) Yes
293816 115 Irene Griffin 115 NE NW 10 24N 41E Confirmed Airway Heights (shallow) Yes
256947 220 Steve Stimson 144 S 1/2 SE 3 24N 41E Confirmed Airway Heights Yes
164652 140 Clarence Moore 140 SE SE 3 24N 41E Confirmed Airway Heights Yes
164651 239 Clarence Moore 239 E 1/2 SE 3 24N 41E Confirmed Airway Heights Yes
170959 225 Jack Woods 225 SW SE 3 24N 41E Confirmed Airway Heights (shallow) Yes
416216 260 Harry Wilson 260 SE SE 3 24N 41E Confirmed Airway Heights Yes
408360 180 Dick Johnson 180 SE 3 24N 41E Confirmed Airway Heights Yes
169075 250 John Jarvis 250 -- 3 24N 41E Confirmed Airway Heights (shallow) Yes
363971 320 Gary Erickson 320 SE NE 3 24N 41E Confirmed Airway Heights (shallow) Yes
166683 175 Frank Holler 175 NE NW 3 24N 41E Confirmed Airway Heights (shallow) Yes
254314 100 Ron Cooper 100 NE NE 3 24N 41E Confirmed Airway Heights (shallow) Yes
174418 120 William Lash 120 S 1/2 NW 2 24N 41E Confirmed Airway Heights (shallow) Yes
172667 85 Ross Jenson 85 NW NE 35 25N 41E Confirmed Airway Heights Yes
174265 223 Welk Bros. Metal 223 SE SE 25 25N 41E Confirmed Airway Heights (shallow) Yes
165632 204 Dix Corporation 264 SW SW 25 25N 41E Confirmed Airway Heights (shallow) Yes

Notes:

'private well data obtained from the Washington State Department of Ecology
“Paleochannel wells verified from well logs. Wells with "shallow" designation intersect less than 25 feet of surficial sand and gravel.
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Table 2

Paleochannel Aquifer Hydraulic Properties
WRIA 54
Lower Spokane River Watershed

Hydraulic Groundwater
Project Project Type of Transmissivity Conductivity Velocity
Location Name Source Test (square feet/day) (feet/day) Storativity (feet/day)
Northwest Hydrogeologic Study, |GeoEngineers,
Technology Park and | Technology Park 2002 Drywell Infiltration Test NA 900 NA 26
Spokane Internation |Stormwater Disposal
Airport Grain-Size Distribution NA 60 (Unsaturated Zone) NA
Grain-Size Distribution® NA 560 (Saturated Zone) NA
Hydrogeologic GeoEngineers,
Airway Heights Evaluation, Proposed (2007 Grain-Size Distribution? NA 590 (Unsaturated Zone) NA NA
Water Reclamation
Plant, City of Airway Grain-Size Distribution? NA 770 (Saturated Zone) NA
Heights (Revision 2
Report)
Pumping Test 34,000 570 0.0021

Notes:

lAverage of two grain-size distribution-based hydraulic conductivity calculations.
2Geometric mean of several grain-size distribution-based hydraulic conductivity calculations.

NA = Not Applicable
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Table 3

Paleochannel Aquifer Water Balances
WRIA 54
Lower Spokane River Watershed

Project Project Type of Effective Hydraulic Hydraulic | Specific | Velocity
Location Name Source Analysis Porosity | Conductivity (feet/day) | Gradient Yield | (feet/day)
Airway Heights  |Hydrogeologic Evaluation, GeoEngineers, 2003 |Nitrate Mass Balance 0.30° 570 0.004 *° NA NA
City of Airway Heights
NW Technology [Hydrogeologic Study, Technology |GeoEngineers, 2002 |Groundwater Mounding NA NA NA 0.25" NA
Park Park StormwaterDisposal Breyer Analysis NA 0.2 NA NA NA
Darcy Groundwater Velocity NA NA NA NA 26
Notes

'Referenced from Domenico, P.A., and F.W. Schwartz, 1990, Physical and Chemical Hydrogeology: New York, John Wiley and Sons, 824 p.

’Referenced from GeoEngineers, Inc., 2002, Report, Hydrogeologic Study, Pacific Northwest Technology Park, Spokane, Washington.

®Referenced from Science Applications International Corporation (SAIC), 1992, Installation Restoration Program (IRP), Remedial Investigation Report, Craig Road Landfill, Fairchild AFB, Washington.
NA = Not Applicable
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inal and First Copy with
Deppftment of Ecology

ond Copy—Owner's Copy
ird Copy—Driller's Copy

WATER WELL REPORT

STATE OF WASHINGTON

Start Card No.

Water Right Permit No.

\1) OWNER: Name,yﬂ-n/tr/ /%/m i

Address j?l‘ '/f/ BoK 552 éﬂ&m e, 95‘2,0*7/

(2) LOCATION OF WELL: County [t

B (S e BT 1 2Y N RS WM

(2a) STREET ADDDRESS OF WELL (or nearest address) 50k ¥ & 1/

— e L a [ R —

{3) PROPOSED USE: %ﬁgg’"&?&c Industrial [ Municipai [J (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
[J DeWater Test Well [ Other 0 Formatnon Describe by color, character, aize of material and structure, and show
p . Sor of wol thi th o 'l quit 'u t:nd thehkln':! and n;altu're of :?e material in each stratum penetrated,
« Owner's number o with at least ono entry 10r each change of information.
(4) TYPE OF WORK: (itmore than one) MATERIAL FROM 7o
Abandoned []  New well Method: Dug [ Bored [J
Deepened Cable Driven [ Ml& 0 [
Reconditioned [J Rotary Jetted O jﬂﬂfﬁtf gﬂ”‘ &A’V"’ 1R / /0
(5) DIMENSIONS: piameter of well 6 inches. < M(/&’L 20 2/0
Drilled teet. Depth of completed well ft. Z@ i 0

CONSTRUCTION DETAILS:

____6_" Diam. from +’

-
(]
-~

113w

*5,%!.4 < sz:c,

(1E o Jely 1o | {0

Casing installed; . to ‘f‘MCT; )
Welded * Diam. from ft. to f ;A/Lg AT
Liner installed
Threaded  [J e Dlam, from ft.to f. 76" - 180 (oA @__Lbo
Perforations: Yes[:] Nom
Typo of pertorator used | (WCZe S 75 6PM @ Lofiom
SIZE of parforations in. by in. O CAS/AG
perforations from H.to ft. %Mmﬂ)m 7O SET pam/
perforations from fi. to ft. Lo AR b
perforations from ft. to f1. )
Screens: YesD Nom
Manufacturer's Name
Type Model No.
Diam Slot size. trom. ft. to. #t
Diam Slot size. from ft. to. fit e .
Gravel packed: Yes|] NofXl Size of grave! a f i E g ‘}Jf] E P
Gravel placed from. ft. to ft ! “.; R FL

Surface seal; Yes No[] Towhat ""P""’————ZQ—L—“
Material vaed in seal

No&

Did any strata contain unusable water? YesD

DEDADYUENT AF fnm o:
Type of water?. Depth of strata Spb-}?mu\u--u A=V
CANE BEGIONAT 0o -
Method of sealing strata off 0 ’iG'Q!\ 4 S -
(7) PUMP: \aputacturer's Name
Type: H.P
. Land-surface elevation
(8) WATER LEVELS: above mean sea level ft.
Static level ft. below top of well Date
Artesian pressure Ibs. per square inch Date
Artesian water ja controlled by TCar Ve e 7/2? 7[/ L
Work started 19. Completed M
(9) WELL TESTS: Drawdown is amount water level s lowerad below static leve! Y
Was a pump test made? Yes No It yes, by whom? WELL CONSTRUCTOR CERTIFICATION:
Yield: gal./min, with . drawdown after hrg.

P " " "

Recovery data (ﬁme taken as zero when pump turned off) (water leve) measured
from well top to water level)

Time Waler Level Time Water Level Time Water Leveal
Date of test
Bailer test gal./min. with ft. drawdown after hrs,
Airtest @al./min. with stem set at ft. for hra,
Artesian flow g.p.m. Date
Temperature of water Was a chemical analysis made? Yes D No D
ECY050-1-20 (10/87) L]

-1329-

| constructed and/or accept responsibility for construction of this well,
and its compliance with all Washington well construction standards.
Materials used and the information reported above are true to my best
kn0wledge and belief,

NAMES ‘iJ bf&(cu,ué ﬂ\’&

(PERSON, FIRM, OR CORPORATION!

(TYPE QR PRINT)

Contractor's

Registrati
Noo o o Date 8/ 2 158

(USE ADDITIONAL SHEETS IF NECESSARY)



File Original and First Copy with

327200

ke ol REEIORY, oy "WATER WELL REPORT - Application Ner'..".Z 1T

Third Copy — Dailler's Copy

(1) OWNER: Name L PVOCaLde State Park (bquestrian Irail)

Bl R O oY, [Ty . ) o Do T L S PP

OCATION OF WELL: coumy

( £ and distance from sectlon or subdivision corner

(55 PROPOSED USE: Domestic O Industrial 0 Municlpal [
Irrigation [J Test Well [J  Other [m]

(4) TYPE OF WORK;: Owner's number of well

". STATE OF WASHINGTON Permit No. ... ... oo
Address. . 2207 M D000 30 A A S B e
DL NAK G LT, 500, 3. 125N W B

(10) WELL LOG:

Formation: Describe by color, character, sixe of material gnd structure, and
show thicknes of aquifers and the kind and nature of the material in ¢nch
atralum penetrated, with at least one eniry fov each change of jormation.

Yield: gal./min, with ft. drawdown atter " " hm.
- ” " 4
- - - [ 1]

Recovery dala (thme taken as zera when pump turned off) (water level
measured from well top to water level)

Tims Water Lavel | Time Watar Level | Time Watsr Leval
“Bata of t : .
AP udei veet J00% g /min. with .t drawdown after_2 . hrs.
Artegian flow, i .p; - Date. W)

WELL DRILLER'S STATEMENT:

This well was drilled under my jurisdiction snd thls report is
true to the best of my knowledge and belief,

NAME... Barthalanew. Dreilling,. Inc —
‘ (Person, firm, or corporation} {Typa or prnt)

o
(]
Q.
Q
(a4
2
0 (Lf More than ONe).... w.oerore cemmermmoen B MATERIAL FROM | TO
ey New well 4 Method: Dug (3 Borsd [) .
- Deepened o Cable [J Driven J _Sand,_m,gr.avel ¢ 57
g Recondittoned [ Rotary (I Jetted [ franita hanldan ' 57 Ny
Sand & pravel : Ad! o)
g (5) DIMENSIONS: Diameter of wall ... A......... inches. Sand - . 73 4 129
n— o) : i
= Drlled.. 220........{t.  Depth ot completad well........217....2t, Granite boulders . | 109 190
E  (6) CONSTRUCTION DETAILS: Graval with sand ' 301130
A . Graval with sand & water i35 £2)
) Casing installed: 5~ piam. from .»1}.. r. to . 208 #, - =
o Threads! [ , LD o £V TN 7. T, N | T T- SO - It T ———
';; Welded [ .o " Diam. from " o . n, -
S Perforations: veap wNom o T : _
3 Type of perforator used ... BRI B
— SIZE of perforationy ... .. .. i, BY .o s N0 -
-g [ - parforations from . to .
o [ parforations from ft. to - 2.
' D perforations from . to 1t —
ot
8 Screens: vam wneQ S T
o Manufacturer's Name....._.lohndon -' il Bew . T
= Type. Model No.... ...l .. 1T - e~
= Diam. 6. Stot size .20, from _.207 1. 10 217 2t | RECETVY E L
P Dlam. _ ... lot slze from ft. to . g
E-C , . FET 1957
@ 7 Gravel packed: van mom i ot gravel:. . - DEPARTMENT Ar Foaras: :
=l Gravel placed trom . to " F SO EE0L067 -
{0 SONKAME Dot aias o
) L IR"R1¥aT] § RLLIJn AL UrrlL 3
b Surface seal: voxk Nor?  To what deptnr 18 . - _—
- Material used in seal....CGMAN
(@) Did any strita contsin unusable water? Yud  NeQO
= TyYpo of water?.....oow.. e Depth of strata e ecem
N Methed of sealing strata off : . .
m - ’ Y
2 (7) PUMY; Manufacturer's Nama. R B - -
-g‘ - Typs: HP
T
. Y
g’ (8) WATER LEVELS: Ahove maan see Tea®. e B
O Stattelevel _._LAA #t. below 109 0f Wall Datl...or..cocvcicrcsde
€ Artesian pressure ... __ lbe, per square inch Data..... irrriessn N
L Arteslan water i controlied by KR ; -
Y ) (Cap, valve, ete,) :
o 9) WELL TESTS: Drawdown is amount water lavel i -
k= ® " lowered brlow atatic level | work startea_11/9 19373 Completea_. 11/2] .79,
[T Was a pump test made? Yes ) No [J If yes, by whom?
E
'y
1]
(«8
)
0o
@
£
f

...............................................

[Sigied]

(Wil Driier) :
. b . "

License No.0Q51 e Doten NRAAL 0 1078

Temparsture of watar. Was a r made? Yo ) Ne [} .
RETANE PRI Z// L . {USE ADDITIONAL EMEETS Ty NECTANARVA A M



lg-
DoW =\ S

UNIQUE WFIL 1D NUMBER A_E)_Q,_% B_Q_
X Y FA 1 2 3

WELL TAGGING FORM
Date of Field Visit -G \C,‘z\C\L{ By Q : QP\NC&%

ADDITIONAL WELL IDENTIFIERS . 1 !

Department of Health System ID Number < Q-— l Q Y . Source .Number-SO_G { - -

USGS Site Identificatuon

RECORD VERIFICATION

NEU Report available (please astach)
{1 "Well Report not available

[J Venfication inconclusive

WELL OWNERSHIP, IF DIFFERENT FROM WELL REPORT

Name .

Street address

Crty State

[humiiry ettt e mman e ke e s

LOCATION OF WELL, IF DIFFERENT

- The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

Well Address

City County ‘
T 25 N. R _#42 £ WM Sec. €3 - M Vofthe _SE_ y-
00 GPS (raw data)
Latitude ° ' " O GPS (corrected)
) J  Topographic Map
Longitude ° ’ " O  Survey
0 Computer generated
" ) U Other
. O  Digital Alumeter
Elevation at land surface +__ feet/meters (circle one} 1) Topograpmc Map




Additional infornnation, if available: : o \u
0 Location marked on topogmphnc map (please attach) ’ i
O Locauon rharked on air photo (pleave attach) " |
Water Right # 'Pnonty Date P |
Circle one  Application Permit Certificate Claim Exempt
WELL CHARACTERISTICS L Qo
Physic;al Description of Well (size of casing, type of well, housing, etc.):

s T R R TR e e TR T T = g . E——— pessonndil
Locauon of Well Identification Tag: ! A

Was Supplemental Tag needed for ease of identifying well?
NO J YES

If yes, where was tag placed? ' ) »

-
i

Scale 1:24,000 (1"=2,000")

' ! : -
D i ¢ i B | A s
' [} 1 n
i WA ] he -
-------- S el AU SR
H ! ]
E | F i 6 1 H
________ _‘3_ o 4}_ L _i______ ] Indicate the location of the well within the Secuon
;' : b by drawing a‘dot at that point. T T
M ! L : K | ] +
: ! | o T ’
-------- SR S N
} ] 1 r
i _— '
N ! P ! Q ¢ R
: { VN o Y : - - ol
SECTION .
COMMENTS: o -

The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

Please attach this form to the Well Report and submut U ¢o the Department of Ecology Wuter Resources Progrom Headquarters,
W, fnaleatur Pea come PO Bar $7¢400 (" ey A0 Cvmnd 748




The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

T SR EREREEY {44411

Ny YEUTE

=1 TOOROTL 02
! BRSALT ERAVEL [ORRLES 1 K]
Fr, ! BASALT GRAVE. SAND T3 P13
£ 1 CLAY BROWN SRANEL 2 B
Fto 1} BRSALT BROKEN WITH WATER Pae 398
! -/
1 i ;
! . N
2o : !
! { !
! ! !
! ! !
! ! |
soreens; NO ! ! .
Mapufactuprer's Naze . ! !
Tupe Mogp! No, ! ! !
Meae. clot cize idals] | b ft. ! { !
Dian, slot iz Trps o . ; ;
! !
sravel packed: NO Bize of owaypl ! ! !
) Seavel pliced froe fhoio A, ! ) :
! [ f
Surfoce ceal: YE§ To what decth? 19 F 4 e i ! !
Materral ceed in teal RENYONITE } e e =TT e ! !
2:d 2ny steata ceptalr unusable patzr? MO ! HEREN . ! !
Tepe of water? Dopth of clogla "o i a { !
"'eth:"‘ of spaling sirata oFF DVERBORE ! i ! 1
== mrIsrmmmssrssomseesTrerEsersmesss s i Y ! ]
v ¢
L% OUm0: Manyfacturer's Magze ! ; 'l JUN 2 1294 ! !
T-l” u D 'l ! !
______________ e L e L E ~==z ! !
o) HOTER [ EVEL S 3""-"'“’.31:9 elovation ! _ - ! ' ! !
Jbave aran rre3 lppel ! \ T I
Statac level 328 ft. below too of mell Date 3/14/94 ! R ! !
Opiprean Sperryre Ihe, per couare dnch Date ! ! !
Ovtoraan pater nentwpllan h-/ _f ! 1
| Hork started 86/809/94 Ceacleted Bb/14/94

‘) WELL TEETE: Drawdown is alount n=t9r .’9»‘91 is 'cnzr‘ed below ! WELL mrmmq [‘EPTIF.’L‘RTIDN'

static level, I constructer and/pr accent responsibility for con-

£ 2 oupp tect sad2? NO IF vec, by shra? ctruction of thic well, ang it ceapliance with all
leld: zal,/ein with fio drawdonn aftes hrs, Hathincten well ropstruction ctondorde, Material: used
and the infereation reported hove are trus to wy hest
tpowledpe and kalief.

—— e e e

Recovery data L
T.ze Water Level Time  Water Level Tize Water Level | NAME PONDEROSA DRILLING ,
! (Rercen, Firy, or corppration) (Tvpe or orint)

{
! ADORESE £ 6810 BROADWAY
Date of test / / !

Bailer test oal/sin Ft. drawdown affer hre. | [FICMEDD cerce No. E1M
Na tant 2@ c3l/ain. w/ stoe st gt 1, for hre, |

tecran flow Lot Date ! Contractont:

aCerature of water Kas a chesical apalvsis 22087 NO ! Begictration Mo M-EJ!EJBJE Date M6/15/9%




HATER HWELL REPORT Start Card No. W101624
Unique Well I.D. # ACPS87

1o o b o A YD 0 DS U A 00 g o O a0 e O S D R 60 I D O N 0 LA e e R O P B L M e W e M M T S AR MRARKD RS ME AR

. STATE OF WASHINGTON Water Right Permit No.
t N N N N S AN RS N RN R RN S N G P R A AN RN AR I T RN N R AR RN AT A e .G
o (L) OWNER: Name ABC NINI STORAGE Adress 375 CORPORATE AVE #8300 FALISPRELL, MT 59901~
Q S -.-I-I-I---------II-II.'II-II..I--..l--.-----.----------------.--.---------.I'----.-l.l.l-I------------1'----ll-I--l-‘----------gg
[} {2) LOCATION OF WELL: County SPOKANE - 1/4 8K 1/4 Sec 20 T 25 N., R 43B WM
D: (Za) STREET ADDRESS OF WELL [or nearest address) SUNSET HAWY,
— EAL LT LTI L L P e Y P P R TS YR TR Y ) e N TN O R R AL A AN AR RS SN NI ECNID - S NN
E (3) PROPOSED USE: DIMESTIC | 110) WELL LOG
g --u----n---u---------------------------------unnn-----------l-.l-I ---------------------------------------------------------------
{4} TYPE OF WORK: Owner's Number of well | Permation: Describe by coler, character, size of macerial
_ﬂ {I1f more than one) | and structure, and show thickness of aquifers and the kind
5 KXW WELL Method: ROTARY | and nature of the material in each stratum penetvated, with
= ----.I---I-------IIIIIIIIII-Ih--nhl-l-llIll.----lﬂll--------.--—-{ at lesast one entry for each change in formacion.
{5) DIMENSIONS: Diameter of well § Inches jrr-cromrm it
o Drilled 180 ft. Depth of completed well 180 fr. | MATERIAL | FROM | TO
g -----------------------""".".-".""-'-------------------".----l sm W'ITH me I a |
O (6] CONSTRUCTION DETAILS: | wwvman GRAVXL 0 4
"‘-v' Casing installed: [ " Dis. from +1.% ft. to 278 ft. | BAND GRAVEL WITE } 4 :
£ WELDXD L " Dia. from 172 ft. to 178 ft. | ~meeee- COBBLES | 4 | 31
= * Dia. from fr. to ft. | SBAND WITE COARSK | 21 |
©  TTTmTTTmmmrmesenceseseescicesessecocoonseocasseeconno | o=enene- GRAVEL | a1 | 46
Yo Perforations: NO | CLAY BROWN i 46 | s2
= Type of perfarator used | SAND GRAVEL | 52 | &6
@ SIZE of perforations in. by in, | CLAY BROWN | &6 | T4
= perforations from ft. to fe. | BAND AND GRAVEL | 74 | 137
b perforations from fr. to ft. | BAMD GRAVEL WITH | 137 }
S perforations Erom ft. to ft. | wmem—- BROWH CLAY | 137 | 157
A menmua P L LT T e L LTt | COARSE SARD GRAVEL ) 157 ]
=] Screens: YRS | weeweus W/MATER ] 157 | 180
c *  Manufacturer's Name JOHENSON ! | I
© Type STATNLESS Model No. | i |
E Diam. § slot size .018 from 17% ft. to 180 fr. | | I
el Diam. slot size trom fr. to fr. | ] |
.......................................................... |
a Gravel packed: WO Size of gravel | I I
=~ Gravel placed from ft. to fr, I | |
B e e e ——————
- Surface aeal: YRS To what depth? 18 . | — ; I
'E Material used in seal BEWTONITE | [ |
I Did any strata contain unusable water? NO | | |
' Type of watex? Depth of strata fe. | poe— | |
:a- Method of aealing strata off |I | § | |
R E AR R A RS NN AN LIRSS N RN AT - T } |
. , e SO0
E (7) PUMP: Manufacturer's ?;pm: oz P, : EGIONAL AFF o E : :
o --.---D.-.-----...--II--.----------------..--.------‘..I---------I | l
2 (8) WATER LEVELS: Land-surface elevation | | |
" sbove mean sea level ... fr. | } f
@ Static level 140 ft. below top of well Date 03/04/3%9 | | |
o) Artesian Pregsure 1bs. per square inch Date | | |
- Arcesian water controlled by { | |
. | Wwork started 03/27/88 Completed 03/03/98
U W U e W e e B R U O O D W A UN U U OO e o o ol O O O U W D NS W R B R A O R W O W NS O R U W S O U W DR O S U o U U T DU T U W e e S e e R W W B R W R
8’ (9} WELL TESTS: Drawdown i1s amount water level ig lowered below | WELL CONSTRUCTOR CERTIFICATION:
— static level, | I congtructed and/or accept responsibility for con-
8 Was a pump test made? NO If yes, by whom? | atruction of this well, and it® compliance with all
| Yield: gal,/min with fr. drawdown atter hrs. | Washington well construction standards. Materials used
“— | and the information reported above are true to oy best
0 : knowledge and belief,
Recovery data
E Time Water Level Time Water Level! Time Water Lavel | NAME FOGLE PUOMP & SUPPLY, INC.
g | {Person, firm, or corporationl (Type or print)
© | ADDRESS PGB 1450, AIRWAY ETS. WA.
o] Date of test [/ / 3
Q. Bailer test gal/min. ft. drawdown afrer hra. | [SIGNED) License No. 1321
¢} Air test 18+ gal/min. w/ stem get at 175 fr. for 1 hrs. |
D Arteaian flow g.p.o. Date | Contractor's
Q Temperature of water Was a chemical analysis made? NO | Registration No. FOGLERRO9SL4 Date 03/04/98
<=
-

{





