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1.0 INTRODUCTION

This report documents the work completed as part of the evaluation of the feasibility of shallow
aquifer recharge (SAR) at the Mill Creek Water Treatment Plant (WTP). SAR has been identified as
a possible mechanism to restore groundwater levels in the shallow sand and gravel aguifer and
augment flow in springs and streams in the Walla Walla area. SAR is being used investigated in the
Walla Walla valley near the Oregon border to augment streamflows, restore springs, and restore
declining groundwater levelsin the shallow aquifer (Fountainhead 2006)

The work described in this report was completed at the WTP and included the installation of four
shallow piezometers, installation of a staff gage, installation of instrumentation and monitoring in the
piezometers, installation of temporary recharge piping and metering, and completion of a short-term
recharge shakedown test. An existing infiltration pond at the WTP was used to recharge the sand and
gravel aquifer to determine the infiltration rate and groundwater system response to recharge. The
short-term test was planned to be followed by a longer-term test to evaluate the overall feasibility of
SAR. However, the short-term recharge test was terminated after about two weeks because
groundwater discharged about 3,500 feet west-southwest of the WTP. The planned longer-term
recharge test was thus not completed.

Elsewhere in the vicinity of Walla Walla, recharge testing has occurred since 2004 at the Walla Walla
Basin Watershed Council SAR site near Milton-Freewater. Surface water is being infiltrated to the
shallow sand and gravel aquifer using large infiltration basins. Recharge occurred at rates of up to
28 to 30 cfs at the SAR site, with 1,870 acre-feet recharged in 2004-2005 (Walla Walla Basin
Watershed Council, 2005). About 3,400 acre-feet were recharged in 2006-2007. Under a Limited
License from the Oregon Water Resources department, up to 50 cfs can be diverted and infiltrated.

Site characterization and testing are also being completed the other SAR sites in the Walla Walla
Valley (Hall-Wentland and Locher Road sites, Kennedy-Jenks, 2006a; 2006h).

11 Scope of Work

This memorandum fulfills Task 600 of the Agreement between the Washington State Department of
Ecology and the City for water storage feasibility studies for Shallow Aquifer Recharge, Mill Creek.
The objectives of this report are to evaluate the feasibility of SAR at the Mill Creek Water Treatment
Plant (WTP) area and to present the results of hydrogeol ogic evaluations and recharge testing.

The evaluation of the feasibility of SAR at the Mill Creek WTP included the following:

o Development of aconceptua hydrogeologic model of the Mill Creek WTP area;

e Development of a SAR Pilot Test Plan, outlining the testing procedures, monitoring
requirements, and water quality sampling;

o Installation of four shallow piezometers at the Mill Creek WTP, installation of groundwater
level monitoring equipment, and installation of surface water staff gages; and

e Completion of a short recharge test and evaluation of the test results.
The results of the short-term recharge test indicated that large-scale testing was deemed not to be

feasible at the site because of groundwater discharge downgradient of the test location. This report
was prepared to document the work completed as part of the SAR feasibility evaluations.
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12

Report Contents

This report is organized into several sections as follows:

Section 2 contains details of the project, including project location and objectives, and an
overview of site conditions.

Section 3 contains information on four new piezometers that were installed to monitor
groundwater levels in the uppermost saturated zone, and also includes information on three
other existing piezometers or wells located at the Mill Creek WTP.

Section 4 describes the hydrogeologic conditions in the area of the Mill Creek WTP,
including geology, groundwater occurrence, and groundwater recharge and discharge.

Section 5 describes the recharge shakedown test, including monitoring, groundwater level
response, and groundwater temperature response.

Section 6 presents the conclusions of the recharge shakedown test.
Section 7 presents the feasibility shallow aquifer recharge at the Mill Creek WTP.

Section 8 provides references.

Severa appendices contain supporting information. Appendix A contains geologic and construction
logs for the new piezometers. Appendix B contains the results of falling head tests completed during
the drilling of one borehole used for piezometer completion (PZ-1) and on the completed
piezometers.
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2.0 PROJECT DETAILS
2.1 Project Location

The Mill Creek WTP is shown on Figure 2-1. Titus Creek is about 1,400 feet south of the Mill Creek
WTP, and Mill Creek is about 2,600 feet south of the WTP. Titus Creek is a natural side channel of
Mill Creek that is maintained by residents for irrigation purposes. A pushup dam on Mill Creek
diverts water to Titus Creek (HDR/EES, 2006). The channelized portion of Mill Creek begins
immediately south of the WTP.

2.2 Shallow Aquifer Recharge Objectives

The goa of the SAR pilot test program was to evaluate the feasibility of recharging the shallow
aluvia aquifer adjacent to Mill Creek and Titus Creek during the winter months when excess water
is available from Mill Creek. Water is diverted about 14.5 miles upstream of the Mill Creek WTP
and conveyed to the WTP for treatment (ozonation) and sent to the distribution system. During the
winter and spring, there is excess treated water available for the City’s basalt aquifer system Aquifer
Storage and Recovery program and for recharge of the shallow aquifer.

During operation of afull-scale SAR system, recharge water isinfiltrated to the shallow aquifer using
an infiltration pond. The recharge water is temporarily stored in the shallow aquifer and released
under the natura hydraulic gradient to the streams to increase streamflow in the summer and fall
months. The aim is to use the shallow sand and gravel aquifer to temporarily store the infiltrated
water and to allow the water to discharge naturally to the creeks during the summer and fall months.
It is hoped that the water discharging from the aquifer to the creeks will enhance salmonid habitat by
increasing flows and decreasing water temperatures during the low flow periods of the year.

In order to design the full-scale SAR system, a short recharge shakedown test was performed. The
objective of the shallow aquifer recharge shakedown test performed by the City is to evaluate the
recharge capacity of the infiltration pond and to evaluate the response of the shallow aquifer to
recharge, including groundwater level buildup, dissipation of the recharge mound, and groundwater
travel time.

2.3 Shallow Aquifer Recharge Pilot Test Plan

A test plan was developed for the SAR pilot test (Golder Associates Inc., 2007a). The test plan
described the objectives of the pilot test, project infrastructure, groundwater and surface water
monitoring locations, monitoring frequencies, and water quality monitoring.

As a component of the SAR pilot test, a shakedown recharge test was planned to evaluate the
infiltration capacity of the pond and the groundwater level response. Data collected during the
shakedown test were to be used to develop specifications for full-scale pilot testing. No water quality
sampling or surface water flow monitoring were performed during the shakedown test. Groundwater
level monitoring during the shakedown test was limited to wells with dedicated pressure transducers
and dataloggers.

2.4 Overview of Site Conditions

Information on the hydrogeological conditions at the Mill Creek WTP was presented in the
conceptual hydrogeologic model (Golder Associates Inc., 2006) and is summarized here. The
memorandum documented the pre-existing hydrogeologic conditions at the WTP and described a
conceptual hydrogeologic model of shallow aquifer in the WTP area. The memorandum included an
assessment of:
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e How the shallow aquifer would respond during recharge, including infiltration of recharge
water and changes in groundwater flow; and

o Preliminary estimates of the recharge mound hydraulics (water level rise) in the shallow
aquifer

The existing data indicated that the shallow aquifer consists of interbedded silty and sandy gravel and
cobbles overlying cemented gravels. Mixed clay and gravel underlie the cemented gravels. Below
the clays and gravels, boulder rubble overlies the basalt bedrock. At the Mill Creek WTP, the
sedimentary deposits are about 130 to 140 feet thick. The thickness of the sedimentary deposits
increases to the west.

The sand and gravel aquifer is moderately to highly permeable, with an estimated transmissivity
range of about 30 to 90,000 ft?/d. The storativity of the sand and gravel aquifer is estimated to range
from about 10 to 25 percent. Groundwater production to wells completed in the sand and gravel
aquifers is reported to be highly variable, ranging from 5 to 500 gallons per minute (gpm). The
average specific capacity is about 3 gpm/ft.

Prior to installation of the new piezometers, the depth to water in the area of the infiltration pond was

thought to be about 15 to 20 feet below ground surface (bgs) based on test pitting during construction
of the WTP (Golder 2007b).
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3.0 MONITORING WELLSAND PIEZOMETERS

Four boreholes were drilled and completed as piezometers (PZ-1 through PZ-4, inclusive) at the Mill
Creek WTP in the vicinity of the existing infiltration pond to evaluate the hydrogeologic conditions
and provide monitoring points for the recharge testing. The piezometers were installed to target the
first water bearing zone that will be affected by recharge. There are also two existing piezometers
(MW-1 and MW-B1) at the WTP and an unused irrigation well (County Well) located west of the
WTP, which are competed in the shallow aquifer. The locations of the piezometers are shown on
Figure 2-1.

3.1 New Piezometers

The piezometers were drilled by St. George Drilling, a licensed well driller in the State of
Washington, under a subcontractor agreement with Golder Associates Inc. The boreholes were
drilled and piezometers installed between February 15 and 28, 2007. The boreholes were drilled at
6-inch diameter using air-rotary drilling methods with a casing advancer. The piezometers were
completed using 6-inch diameter stainless sted screens instaled in the first water-bearing zone. The
piezometers were completed as follows:

e A 10-inch diameter borehole was drilled and temporarily cased to a depth of 18 feet;
e Six-inch diameter casing was tel escoped inside the 10-inch casing to 18 feet;

e A 6-inch diameter borehole was drilled and cased to the final hole depth. Falling head tests
were periodically conducted during drilling to evaluate the permeability of the formation
materias;

e The borehole was backfilled, if needed, with bentonite chips and the casing pulled back to the
bottom of the desired completion depth;

e A 6-inch diameter telescopic well screen with riser, “K”-packer, and tailpipe was installed
inside the 6-inch casing and the casing pulled back to expose the well screen;

e Bentonite chips were installed the annular space between the 10-inch and 6-inch casing and
the 10-inch casing was pulled back to form a surface seal; and

e The piezometers were developed using air-lift pumping methods.

Following completion of development, protective posts were installed around each piezometer and
well caps installed. Completion details for the four new piezometers are summarized on Table 3-1,
and the well logs are included in Appendix A. Table 3-1 also includes completion details for the
existing wells and piezometers at the Mill Creek WTP.

Falling head tests were performed in PZ-1 during drilling and in each new piezometer following
completion and development. The faling head tests were performed by adding 5 to 10 gallons of
potable water to the wells and monitoring the water level decline with awater level sounder. The test
data were analyzed using the Hvorslev method (Freeze and Cherry, 1979). The results of the falling
head tests are summarized in Table 3-2, and the test analyses are in Appendix B.

The piezometers were surveyed by Anderson Perry and Associates on May 5, 2007. The piezometers
were surveyed with a closed level loop method based on the City of Walla Walla’s GPS control
network and reported in Washington State Plane Coordinates.

Details of each new piezometer are provided in the following sections.
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3.1.1 Piezometer 1

Piezometer 1 (PZ-1) was installed adjacent to the southwestern edge of the WTP infiltration pond.
The PZ-1 borehole was advanced to 75 feet bgs in order to characterize the near-surface geology
under the site and identify the extent of the shallow aquifer. In addition to logging drill cuttings, the
moisture content of the drill cuttings and air-lift flow rates were estimated, and several qualitative
falling head tests were performed during borehole advancement to determine the relative hydraulic
conductivity of the geologic materials with depth. The tests were performed by pulling the drill
string up off of the bottom of the hole and pouring 5 to 10 gallons of water into the hole, and
measuring the water level decline with an electric water level tape. The tests were performed at
depths of 21, 23, 36, 49, and 57 feet bgs. The test data were analyzed using the Hvorslev method.

The results of the tests are summarized on Table 3-3. The falling head tests indicated awide range in
hydraulic conductivity of the formation materials, ranged from about 45 ft/d to over 1,000 ft/d. The
hydraulic conductivities estimated from the test data, particularly for the tests conducted at depths of
36 and 49 feet (hydraulic conductivities of 1,030 and 1,370 ft/d, respectively), are inconsistent with
the descriptions of the geologic materials (silty sand and gravel) and observations of limited water
production during drilling. The calculated hydraulic conductivities are much higher than would be
expected for a sty sand and gravel. During drilling below the water table, wet cuttings were
observed, but little water was airlifted during drilling. Water was airlifted from the borehole
following breaks in drilling (such as when casing was added or following a falling head test), but
sustained airlift flows did not occur. The results of the testing suggests that these two tests may have
been affected by water leakage around the base of the casing during the testing, causing the water
level in the casing to drop more quickly than if the water could seep out only through the bottom of
the casing. If this occurred, the hydraulic conductivity would be overestimated.

The generalized near surface sedimentary stratigraphy was composed of dry to moist silty sand and
gravel with large basaltic cobbles from the surface to approximately 25 feet bgs, water bearing gravel
and sand layers with silty matrix from approximately 25 to 35 feet bgs (elevation 1,211 to 1,206 feet
above mean seal level), and weathered sand and gravel with a more prevalent oxidized silt and clay
matrix from approximately 35 to 75 feet bgs. After determining the shallow geology, the borehole
was backfilled with bentonite to 35 feet bgs and the borehole was completed to screen the shallow
aquifer between 27 and 32 feet bgs. An as-built construction and lithologic log for PZ-1 is provided
in Figure A-1.

The results of the falling head test on the completed piezometer indicate the hydraulic conductivity of
the gravel and silty sand and gravel materials in the screened section is about 169 ft/day (Table 3-2).
The depth to water in PZ-1 was 12.10 feet below the top of casing (btc) on March 1, 2007, or an
elevation of 1,239.76 feet above mean seal level (amdl).

3.1.2 Piezometer 2

Piezometer 2 (PZ-2) was installed approximately 250 feet south-southeast of the infiltration pond.
The borehole was drilled to a total depth of 27 feet through silty sand and gravel with large basaltic
cobbles. A water bearing zone was intersected between approximately 17 and 25 feet (1,219 to
1,214 feet amdl), and the piezometer was screened between 17 and 22 feet bgs. An as-built
construction and lithologic log for PZ-2 is provided in FigureA-2.

The results of the falling head test on the completed piezometer indicate the hydraulic conductivity of

the silty sand and gravel materials in the screened section is about 6.3 ft/day (Table 3-2). The depth
to water in PZ-2 was 8.61 feet btc on March 1, 2007 or an elevation of 1,238.69 feet msl.
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3.1.3 Piezometer 3

Piezometer 3 (PZ-3) was instaled approximately 100 feet northeast of the infiltration pond. The
borehole was drilled to a total depth of 28 feet bgs through silty sand and gravel with large basaltic
cobbles from ground surface to approximately 18 feet bgs, silty water-bearing gravel from
approximately 18 to 24 feet bgs (1,221 to 1,216 feet amd), and sand and gravel with an oxidized silty
matrix from approximately 24 to 28 feet bgs. The piezometer was screened between approximately
20 and 25 feet bgs. An as-built construction and lithologic log for PZ-3 is provided in Figure A-3.

The results of the falling head test on the completed piezometer indicate the hydraulic conductivity of
the silty gravel materials in the screened section is about 54 ft/day (Table 3-2). The depth to water in
PZ-3 was 11.55 feet btc on March 1, 2007, or an elevation of 1,243.33 feet amsl.

3.1.4 Piezometer 4

Piezometer 4 (PZ-4) was installed approximately 300 feet southwest of the infiltration pond. The
borehole was drilled to a total depth of 30 feet bgs through silty sand and gravel with intermittent
basaltic cobbles from ground surface to approximately 18 feet bgs, silty and sandy water-bearing
gravel from approximately 18 to 26 feet bgs, and sand and gravel with an oxidized silty matrix from
approximately 26 to 30 feet bgs. The piezometer was screened between approximately 22 and 27 feet
bgs (1,210 to 1,205 feet mgl). An as-built construction and lithologic log for PZ-4 is provided in
Figure A-4.

The results of the falling head test on the completed piezometer indicate the hydraulic conductivity of
the silty sandy gravel materials in the screened section is about 135 ft/day (Table 3-2). The depth to
water in PZ-4 was 8.51 feet below the top of casing (btc) on March 1, 2007, or an elevation of
1,234.14 feet amdl.

3.2 Existing Piezometers and Wells
321 MW-B1

Water Treatment Plant staff located an existing flush-mounted piezometer installed as part of the site
investigations for the construction of the WTP. MW-B1 islocated near the east side of the infiltration
pond (Figure 2-1). MW-B1lis a2 inch diameter PVC piezometer installed to a total depth of 25 feet
bgs in October 1996. The Ecology well log (Appendix A) for MW-B1 indicates the piezometer was
installed in silty gravel and cobbles, and is screened with a 20-slot PV C screen from 14 to 19 feet bgs
(1,223 t0 1,218 feet amdl).

The depth to water in MW-B1 was 10.87 feet btc on March 1, 2007, or an elevation of 1,241.22 feet
amsl.

322 MW-1

MW-1 is an existing piezometer located adjacent to Well No. 1 that was originally installed to
monitor groundwater levels in the shallow aquifer in response to pumping and ASR operations
(Figure 2-1). MW-1 is completed at a greater depth than the other piezometers at the WTP (about
75 to 80 feet bgs, or at an elevation of about 1,189 to 1,184 feet amdl). Little shallow groundwater
(above a depth of about 20 to 30 feet bgs) was encountered in MW-1 during drilling. The well was
thus completed in a deeper, saturated zone that is separated from the shallow groundwater by sandy
silt. The completion depth of MW-1 is about 22 to 35 feet degper than the other piezometers at the
WTP. Thewell logisincluded in Appendix A.

121007mk1_SAR Feasibility Report



December 10, 2007 -8- 063-1345.600

The depth to water in MW-1 was 64.36 feet below the top of casing (btc) on March 1, 2007, or an
elevation of 1,201.87 feet msl. Thisis about 25 to 30 feet lower than the groundwater elevation in the
other piezometersin the WTP area.

3.2.3 County Well

The County Well is located about 900 feet west of the Mill Creek WTP (Figure 2-1). The County
Well is an unused irrigation well originally drilled for Willis Logan and completed in the deeper part
of the sand and gravel aquifer. The well was transferred to the County as part of a road re-alignment
project. The well was drilled to a depth of 182 feet bgs, and intersected silt and clay underlying
gravels and cemented gravel at a depth of 172 feet bgs. The County Well is completed between 112
and 172 feet below ground (1,112 to 1,164 feet mdl). This is about 98 to 111 feet below the
completion depths of the shallow piezometers at the WTP and about 76 feet below the completion
depth of MW-1.

The depth to water in the County Well was 9.82 feet below the top of casing (btc) on March 1, 2007,
or 1,216.63 feet amsl.
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40 SITEHYDROGEOLOGY

Information on the site hydrogeology was obtained from the new and existing piezometers and wells
installed at the WTP, and existing hydrogeologic reports (Kennedy Jenks, 2004). The WTP site is
underlain by unconsolidated sedimentary deposits consisting of interbedded silty to sandy gravel and
boulders, silt and silty sand, cemented gravels, and mixed clay and gravel. The sedimentary deposits
are about 140 feet thick in the area of the WTP, and thicken to the west. The sedimentary deposits
are underlain by Columbia River Basalt.

Geologic cross-sections through the WTP area are shown on Figures 4-1 and 4-2. The locations of
the sections are shown on Figure 2-1. Well logs used in the cross sections are included in
Appendix A.

4.1 Geology

Unconsolidated sediments including Quaternary sand and gravel deposits, and Mio-Pliocene coarse
and fine-grained deposits overlie basalt bedrock in the WTP area. In the Walla Walla area, the
unconsolidated sediments range from about 100 feet to over 700 feet thick. The thickness of the
unconsolidated materials increases to the west (Figure 4-1).

411 Coase-Grained Materials — Quaternary and Mio-Pliocene

The coarse-grained materials at the WTP consist of silty to sandy gravels and boulders overlying silt
and silty sand and cemented gravels. The new and existing piezometers and wells indicate a near-
surface deposit of sand, gravels, and boulders that is about 20 to 35 feet thick at the WTP (Figures 4-1
and 4-2). These deposits are the Quaternary sands and gravels. These materials are underlain by
Mio-Pliocene silty sands and gravels or cemented sand and gravel. Within the Quaternary and
Mio-Pliocene deposits, there may be areas of cleaner (less silt) sand and gravel that may be former
channels. The Mio-Pliocene coarse-grained deposits are equivalent to the units previously referred to
asthe Old Gravels (Newcomb 1965). The total thickness of the Quaternary and Mio-Pliocene coarse-
grained materials at the WTP is about 90 to 175 feet thick inthe WTP area.

4.1.2 Fine Grained Materials— Mio-Pliocene

Fine-grained materials underlie the coarse-grained materias at the Mill Creek WTP. The fine-
grained materials occur at a depth of about 90 feet bgs at Well No. 1 (Figure 4-1). The depth to the
top of the fine-grained materials increases to the west. The depth to the top of the fine-grained
materials is about 172 feet bgs at the County Well. The Mio-Pliocene fine-grained deposits are
equivalent to the units previously referred to as the Old Clay (Newcomb 1965).

41.3 ColumbiaRiver Basalt

Columbia River Basalt underlies the sedimentary materials. The depth to the top of the basalt is
about 137 feet below ground at Well No. 1, and increases to the west (Figure 4-1).

4.2 Groundwater Occurrence
Groundwater occurs in the coarse-grained alluvial and Mio-Pliocene materials under unconfined to

semi-confined conditions. Within the Mio-Pliocene materials, there are discontinuous lenses of silt
and clay or cemented gravel that form confining layers.
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In the area of the infiltration pond, groundwater was first produced during drilling of the new
piezometers at depths of about 14 to 19 feet below ground, and the materials intersected below the
water table remained saturated to the final drilling depths of 27 to 75 feet bgs, indicating unconfined
conditions.

At MW-1, located about 1,300 feet east of the infiltration pond (Figure 2-1), groundwater was first
produced between about 18 and 20 feet below ground interpreted as the water table. Below 20 feet,
damp to moist, dense, sandy silt was intersected to a depth of 75 feet. A saturated, medium-grained
sand with some gravel was intersected at a depth of 75 feet. Following completion of the well
between 75 and 80 feet bgs, the depth to water was about 63 feet bgs, indicating confined conditions
and an overall downward component of hydraulic gradient.

4.3 Hydraulic Properties

The unconsolidated alluvial and Mio-Pliocene materials are moderately to highly permeable.
Transmissivity values for the aluvial and Mio-Pliocene materials range from about 30 to 90,000 ft¥d
based on well log specific capacity data. Kennedy/Jenks (2004) reported a transmissivity of 10,000 to
60,000 ft¥d for similar unconsolidated materials in the Walla Walla area. The storativity of the
unconsolidated materials likely ranges from about 10 to 25 percent.

Falling head tests were completed in the four new piezometers at the WTP to estimate the hydraulic
conductivity of the screened section in each piezometer. The results of the tests are summarized on
Table 3-2. The hydraulic conductivity ranged from about 6 to 170 ft/d (2.2 x 10° to 6.0 x 10 cm/s),
with a geometric mean of 53 ft/d (1.9 x 10 cmV/s). The falling head tests indicate the unconsolidated
materials at the WTP are moderately permeable. The lowest permeability was observed in PZ-2. The
geologic log for PZ-2 (Appendix A) indicted the piezometer is completed in sand and gravel with a
silty matrix. The other piezometers (PZ-1, PZ-3, and PZ-4) are completed in silty sands and gravels
with alarger proportion of sand and gravel than the materials intersected at PZ-2.

Table 3-2 aso includes estimated transmissivity of the silty sand and gravel materials. The
transmissivity has been calculated based on the hydraulic conductivity and estimated saturated
thickness of the shallow aquifer. The transmissivity ranges from about 100 to 3,300 ft¥d. Thisis at
the low end of previous estimates from other studies (K ennedy/Jenks 2004).

4.4 Groundwater Flow

Groundwater flow in the uppermost saturated zone at the WTP is monitored by piezometers
Pz-1 through PZ-4, inclusive, and MW-B1 (Figure 2-1). The depth to water in the piezometers
completed in the uppermost saturated zone at the WTP is about 8 to 12 feet bgs or about 1,225 to
1,232 feet msl. Groundwater flow in the uppermost saturated zone is generally to the west-southwest
(Figure 4-3), rather than south towards Titus and Mill Creeks. The horizontal hydraulic gradient is
about 0.01 ft/ft in the WTP area. The vertical component of hydraulic gradient in the area of the
infiltration pond is not known.

The depth to water in the County Well, which is completed in a deeper part of the aquifer, is about
8 feet bgs (1,226 feet md).

In MW-1, which is competed about 75 feet bgs, the depth to water is about 62 feet bgs (1,202 feet
msl), or about 24 to 30 feet deeper than in the other wells at the WTP (Table 3-1). A small amount of
shallow groundwater was encountered in MW-1 at a depth of 18 to 20 feet bgs. Between 20 and
75 feet bgs, a damp to moist, dense, silty sand was intersected. Consequently, there is a downward
component of vertical hydraulic gradient in the unconsolidated materials at MW-1. The vertical
component of hydraulic gradient at MW-1 is about 0.76 ft/ft.
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The groundwater flow and groundwater velocity below the infiltration pond was estimated using the
range of hydraulic conductivities estimated from the falling head tests, the hydraulic gradient, and the
assumed saturated thickness of the uppermost saturated zone of about 15 to 20 feet. The results are
summarized on Table 4-1. The groundwater flow across the width of the pond (assumed to be about
200 feet wide) is estimated to be less than 1 to about 40 gallons per minute (gpm). The groundwater
velocity is estimated to be about 0.5 to 20 ft/d (assuming an effective porosity of 10 percent).

45 Groundwater Recharge and Discharge

Shallow groundwater in the uppermost saturated zone is recharged by infiltration of precipitation,
surface water from losing stream reaches, and by infiltration of irrigation water from return flows or
seepage from canals. Washington Department of Ecology hydraulic continuity studies on Mill Creek
above the flood diversion indicated that seepage from the creek to shallow groundwater was
occurring based on measurements conducted between mid-July and mid October 2002 (Marti, 2005).
Based on the groundwater elevations of about 1,224 to 1,230 feet measured in the new piezometers at
the WTP and elevation of Titus Creek south of the WTP of about 1,240 to 1,250 feet, seepage from
Titus Creek recharges the shallow groundwater system.

Figure 4-4 shows the groundwater elevation in PZ-1, completed in the uppermost saturated zone, and
the County Well, which is completed a deeper portion of the sand and gravel aquifer (112 to 172 feet
bgs). This figure covers the period from March 19 to July 17, 2007, prior to, during, and after
recharge testing and demonstrates how the groundwater levels responded to recharge and other
events.

Following 1.06 inches of precipitation over 3 days in late March 2007, groundwater levels in the
County Well increased by about one foot. The maximum groundwater level rise occurred about week
after the precipitation event. Groundwater level data are not available from PZ-1 for the March
precipitation event to determine the response at the water table.

About 0.98 inches of precipitation occurred over about a week in early May 2007. Thisresulted in a
groundwater level rise of about one foot in the County Well. The maximum groundwater level rise
occurred about week after the mid-point of the precipitation event. In PZ-1, the groundwater level
rose about two feet in response to the precipitation event, and the time to the maximum groundwater
level rise occurred about 2 days after mid-point of the precipitation event. The difference in
groundwater level rise and time to the maximum rise between the County Well and PZ-1 is because
PZ-1is completed at the water table, while the County Well is completed in a deeper part of the sand
and gravel aquifer. There isthus a “lag time” between precipitation reaching the water table and the
response of the County Well, attributed to the lower-permeability cemented gravels that separate the
well from near-surface materials.

Groundwater in the sand and gravel aquifer discharges to gaining streams, to springs and seeps, to
wells, and by evapotranspiration where the water table is close to the ground surface. The sand and
gravel aquifer also discharges to the underlying basalt aquifer where a downward component of
hydraulic gradient occurs, such as at the WTP (Golder Associates Inc., 2006).
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50 RECHARGE SHAKEDOWN TEST

The City of Walla Walla completed a recharge shakedown test to evaluate the groundwater level rise
and infiltration capacity of the pond in order to design the full-scale SAR system. The test was
started on April 11, 2007, and run for 10 days. The test was terminated on April 20, 2007 after
groundwater discharge occurred in a cut bank about 3,400 feet west-southwest of the infiltration
pond, resulting in flooding of a parking lot.

51 Monitoring

Pressure transducers and dataloggers were installed in three of the new piezometers to measure
groundwater level changes during recharge. A staff gage was installed on Titus Creek to monitor any
changes in surface water flow attributable to recharge. An existing gage on Titus Creek that was
installed by the WWBWC was also part of the monitoring network.

5.1.1 Groundwater

Three of the new piezometers (PZ-1, PZ-2, and PZ-4) were equipped with Instrumentation Northwest
PT2X transducers and dataloggers. Existing wells MW-1 and the County Well were previousy
equipped with PT2X transducers and dataloggers as part of the Extended Area ASR evauations
(Golder 2006). The dataloggers were programmed to collect groundwater level measurements once
an hour. Groundwater level measurements were not collected in the other piezometers that were not
equipped with pressure transducers and dataloggers (MW-B1 and PZ-3).

5.1.2 Surface Water

A staff gage (TC-1) was installed by Golder on Titus Creek at the downstream side of the culvert
under Looking Glass Lane at approximately river mile 1.3 (Figure 2-1). The staff gauge is located
south of the WTP at an elevation of 1,246.65 feet msl, and upstream of any anticipated impact from
SAR activities.

The Walla Walla Basin Watershed Council (WWBWC) installed a staff gage on Titus Creek (TC-2).
The WWBWC gauge is located at approximately River Mile 0.2 of Titus Creek at an elevation of
1,173.46 feet mgl, on the Walla Walla Community College campus (Figure 1-1). WWBWC installed
atemperature and stage recorder at the gage.

No measurements of the Titus Creek staff gages were made during the test, and only water
temperature data are available from the WWBWC gage on Titus Creek for the test duration.

5.1.3 Precipitation

Precipitation data for the Walla Walla area were obtained from a weather station located at Whitman
College, located about 3.5 miles west of the Mill Creek WTP (http://www.weatherunderground.com/
weatherstation/WX DailyHistory.asp?l D=K WAWALLADB).

About 0.35 inches of precipitation fell during the test, and about 0.3 inches of precipitation fell 2 days
before the test started (Figure 4-4).
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5.1.4 Surveyin

The piezometers, wells and staff gauge sites on Titus Creek were surveyed by Anderson Perry and
Associates of Walla Wallaon May 5, 2007. The observation wells were surveyed with a closed level
loop method based on the City of Walla Walla’s GPS control network and reported in Washington
State Plane Coordinates. The stream gauge site elevations were based on RTK-GPS observations
only. The staff gage at the infiltration pond was not surveyed.

5.2 Rechar ge Shakedown Test

The City of Walla Walla completed a recharge shakedown test in April 2007 to evaluate the
groundwater level rise and infiltration capacity of the pond in order to design the permanent
infiltration system. The test was started on April 11, 2007, and run for 10 days. The test was
terminated on April 20, 2007 after shallow groundwater discharge occurred in a cut bank about
3,400 feet west-southwest of the infiltration pond.

521 Test Setup

Water from the shakedown test was obtained from a fire hydrant at the Mill Creek WTP. The water
was conveyed to the infiltration pond using temporary piping. An instantaneous and totalizing
flowmeter was installed at the hydrant to measure flow rates (Figure 5-1). The City installed a staff
gage in the pond to measure the pond stage during the test (Figure 5-2).

5.2.2 Recharge Rate

The average flow rate from the hydrant was 1,146 gallons per minute over the test duration and
remained relatively constant. A total of 14.86 Mgal (45.6 AF) were recharged to the shallow aquifer
during the test. The recharge pond has dimensions of about 80 feet by 175 feet, or an area of about
14,000 sgquare feet. The flow rate is equivalent to arecharge rate of about 15.8 ft/d.

5.2.3 Infiltration Pond

The water level in the pond rose slowly during the test. Water was first observed ponding in the
infiltration pond about 2 days after the test started. At the end of the test, the water level on the staff
gage was about 0.47 feet, or an elevation of about 1,234.47 feet msl (Figure 5-3).

5.2.4 Groundwater Level and Temperature Response

Groundwater levels were monitored in the County Well, MW-1, PZ-1, PZ-2, and PZ-4 during the test
(Figure 2-1). The pressure transducers and dataloggers installed in these wells also measured the
groundwater temperature. The City of Walla Walla monitored the temperature of the raw water
entering the Mill Creek WTP over the testing period. The temperature of the raw water before
treatment ranged from about 6.7 to 7.7 degrees Celsius (Figure 5-4) during the test. The temperature
of the raw water gradually increased over the test duration.

Groundwater levels were monitored for about 7 days prior to the start of the test in the new
piezometers. Groundwater levelsin MW-1 and the County Well have been monitored since 2005 as
part of the extended area ASR evaluations (Golder Associates Inc. 2006). Monitoring in the
piezometers and wells continued for about 80 days after the test ended.
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Groundwater levels declined by about 1 foot in the shallow piezometers (PZ-1, PZ-2, and PZ-4) in the
7-day pre-test monitoring period. The decline in water levelsis the result of little precipitation before
the start of the test and possibly pumping from other wells. In the deeper wells (the County Well and
MW-1), the County Well groundwater levels showed a similar decline of about 1 foot, while
groundwater levelsin MW-1 increased about 0.5 feet.

524.1 PZ-1

PZ-1 islocated about 10 feet west of the infiltration pond (Figure 2-1), and is the closest piezometer
to the pond. A test hydrograph is shown on Figure 5-5. PZ-1 responded immediately to the start of
recharge. Groundwater levels rose about 5 feet in the first day of recharge. At the end of the 10-day
recharge period, groundwater levels were about 7 feet higher than the pre-test level (about elevation
1,233.6 feet), or about 4.3 feet below ground. A dight increase in the rate of groundwater level rise
was observed after about 7 days of recharge. Thisis because of infiltration of precipitation recharge
from two precipitation events in the first 7 days of the test. This was also observed in PZ-2, PZ-4,
and the County Well.

When recharge to the pond stopped on April 20, 2007, groundwater levels declined. Groundwater
levels declined about 3.5 feet in the first day after recharge ended. About 5 days after recharge ended,
groundwater levels had declined about 5 feet. The groundwater level remained relatively stable at an
elevation of about 1,228.4 feet, or about 2 feet higher than the pre-recharge elevation until about
May 9, 2007, or for about 2 weeks. During this period, there was about 0.36 inches of precipitation
on May 2, 2007. The higher groundwater level may thus represent the combination of recharge from
the pond and recharge from precipitation.

Starting on May 9, 2007, the groundwater level started to decline from an elevation of about
1,228.4 feet, reaching an elevation of about 1,224.8 feet on May 28, 2007. Part of the overall decline
is a sharp decline of about 2.4 feet between May 24 and May 28. This decline was also observed in
Pz-2, PZ-4, and the County Well. The overall groundwater level decline between May 9 and
May 27, 2007 is the result of a combination of factors including the decay of the recharge mound,
little recharge from precipitation during May 2007, and potentially pumping from other wells
completed in the sand and gravel aquifer. Itislikely that pumping was responsible for the steep water
level decline between May 24 and May 28, because water levels rose starting May 28, 2007, but there
was no recharge from precipitation at that time. There are two domestic wells along Looking Glass
Lane across from the WTP that are completed in the sand and gravel aquifer and an irrigation well on
Mill Creek Road across from the WTP that may be completed in the sand and gravel aquifer
(Figure 2-1). These wells may have been responsible for the “sharp” groundwater level changes in
late May. Logs for these wells are included in Attachment A.

Figure 5-6 shows the groundwater temperature and groundwater elevation at PZ-1. The groundwater
temperature was about 8.4°C before recharge started. The recharge water temperature was about
6.8°C at the start of recharge, or about 1.6°C cooler than the groundwater. The water temperature in
PZ-1 declined by about 1.2°C during the first 12 hours of recharge as the cooler recharge water
infiltrated. Over the remaining duration of the recharge period, the groundwater temperature
gradually increased about 0.4 to 0.5°C degrees because of gradually warming of the recharge water
and equilibration of the recharge water and native groundwater. When recharge was stopped, the
groundwater temperature increased by about 0.6 degrees in the first day after recharge ended, and
remained relatively stable for about 60 days following the end of recharge.
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5242 Pz-2

PZz-2 is located about 250 feet south-southeast of the infiltration pond (Figure 2-1), and is the closest
piezometer to Titus Creek. A test hydrograph is shown on Figure 5-7. Groundwater levels in
PZz-2 responded immediately to the start of recharge. Groundwater levels rose about 2.5 feet in the
first day of recharge. After about 7 days of recharge, the rate of water level rise increased, because of
infiltration of precipitation that occurred during the first week of the test. At the end of the 10-day
recharge period, groundwater levels were about 4.9 feet higher than the pre-test level (about elevation
1,234.6 feet), or about 1.2 feet below ground.

Once recharge to the pond stopped, groundwater levels declined. The groundwater level decline in
PZ-2 was similar to the observed decline in PZ-1. About 5 days after recharge ended, groundwater
levels had declined about 2.2 feet, to an elevation of 1,232.4 feet. The groundwater level remained
relatively stable at an elevation of about 1,232.4 feet, or about 2.6 feet higher than the pre-recharge
elevation, for about 2 weeks.

Starting on May 9, 2007, the groundwater elevation started to decline from an elevation of about
1,232.4 feet, reaching an elevation of about 1,228.8 feet on May 28, 2007. Part of the overall decline
is a sharp decline of about 1.8 feet between May 24 and May 28. This decline was also observed in
PZ-1, PZ-4, and the County Well. The overall groundwater level decline between May 9 and
May 27 is the result of a combination of factors including the decay of the recharge mound, little
precipitation recharge during May 2007, and potentially pumping from other wells completed in the
sand and gravel aquifer. Similar to the assessment of water levels in PZ-1, it is likely that pumping
was responsible for the steep water level decline between May 24 and 28, because water levels rose
starting May 28, 2007, but there was no recharge from precipitation at that time.

Figure 5-8 shows the groundwater temperature and elevation at PZ-2. The groundwater temperature
at PZ-2 was about 9.5°C before the start of recharge, or about 1°C warmer than groundwater at
Pz-1. Therecharge water temperature was about 6.8°C at the start of recharge, or about 2.7°C cooler
than the groundwater. Over the duration of the recharge period, the groundwater temperature
decreased about 0.9 degrees as a result of the infiltration of cooler recharge water. When recharge
stopped, the groundwater temperature started to increase as the recharged water equilibrated with the
native groundwater and the recharge mound decayed. Ten days after recharge ended, the
groundwater temperature had increased by about 0.8 °C. The groundwater temperature continued to
rise over the duration of the monitoring period. Fifty days after the end of recharge, the groundwater
temperature was about 1 degree higher than the pre-test groundwater temperature.

5243 PZ-4

PZ-4 is located about 300 feet southwest of the infiltration pond (Figure 2-1). A test hydrograph is
shown on Figure 5-9. PZ-4 responded within 2 hours of the start of recharge. Groundwater levels
rose about 2.8 feet in the first day of recharge. Similar to the other piezometers (PZ-1 and PZ-2) and
the County Well, the rate of water level rise in PZ-4 increased dightly after about 6 days of recharge
because of infiltration of precipitation. At the end of the 10-day recharge period, groundwater levels
were about 5.6 feet higher than the pre-test level (about elevation 1,230.5 feet), or about 1.4 feet
below ground.

Once recharge to the pond stopped, groundwater levels declined. About 5 days after recharge ended,
groundwater levels had declined about 3.7 feet. The groundwater level remained relatively stable at
an elevation of about 1,226.8 feet, or about 1.9 feet higher than the pre-recharge elevation, for about
2 weeks (until May 9, 2007).
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Between May 9 and May 28, 2007, the groundwater level declined to an elevation of about
1,223.5. Part of the overal decline is a sharp decline of about 1.8 feet between May 24 and
May 28. This decline was also observed in PZ-1, PZ-2 and the County Well. The overal
groundwater level decline is the result of a combination of factors including decay of the recharge
mound, little precipitation recharge during May 2007, and possibly pumping from other wells
completed in the sand and gravel aquifer. Similar to the assessment of water levelsin PZ-1, tislikely
that pumping was responsible for the steep water level decline between May 24 and 28, because water
levels rose starting May 28, 2007, but there was no recharge from precipitation at that time.

Figure 5-10 shows the groundwater temperature and elevation at PZ-4. The groundwater temperature
at PZ-4 was about 7.5°C before the start of recharge, or 1 to 2°C cooler than the groundwater at
Pz-1 and PZ-2. The groundwater temperature increased throughout the recharge period, unlike
PZ-1 or PZ-2, where a decrease in groundwater temperature was observed. At the end of the recharge
period, the groundwater temperature was about 8°C, or about 0.5°C higher than at the start of
recharge. The groundwater temperature at PZ-4 continued to rise for about 60 days after recharge
stopped, and then was stable at about 9.9°C for about 2 weeks between June 20 and July 5, 2007.
This period of stability may represent the passage of the recharge water at PZ-4, because the
stabilization cannot be attributed to precipitation or temperature changes because there was no
recorded precipitation in the week before the period of stabilization and air temperatures were slowly
increasing. After about 2weeks of stable groundwater temperatures at PZ-4, the groundwater
temperature started to increase again.

5244 MW-1

MW-1 is located about 1,300 feet east (upgradient) of the infiltration pond (Figure 2-1). MW-1 is
completed in a sand and gravel unit below the uppermost saturated zone. The aquifer unit that is
screened in MW-1 is overlain by 55 feet of damp to moist sandy silt. A test hydrograph is shown on
Figure 5-11. During the first 5 to 6 days of the recharge test, the groundwater level in MW-1 was
relatively stable. After 6 days of recharge, the groundwater level began to increase. At the end of
recharge, the groundwater level was about 0.9 foot higher than at the start of recharge. Groundwater
levelsin MW-1 were rising prior to the start of recharge. The rates of increase before and during the
test were similar. Thus, it appears that the observed groundwater level rise most likely from seasonal
groundwater level changes from infiltration of precipitation, and groundwater levels at MW-1 may
not have been affected by the recharge test.

Figure 5-12 shows the groundwater temperature and elevation in MW-1. The groundwater
temperature was stable throughout the recharge test and pre-and post test monitoring periods at
about 11.4°C.

5.2.4.5 County Well

The County Well is located about 900 feet west of the infiltration pond (Figure 2-1). The County
Well is completed between 112 and 172 feet below ground. The screened section is overlain by about
36 feet of cemented gravels. A test hydrograph is shown on Figure 5-13. The County Well started to
respond after about 10 hours of recharge. Groundwater levels rose about 0.5 foot in the first day of
recharge. Similar to the shallow piezometers (PZ-1, PZ-2, and PZ-4), the rate of water level risein
County Well increased dlightly after about 6 days of recharge because of infiltration of precipitation.
At the end of the 10-day recharge period, groundwater levels were about 4.5 feet higher than the pre-
test level (about elevation 1,221.5 feet), or about 2.5 feet below ground.
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Once recharge to the pond stopped, groundwater levels declined. About 5 days after recharge ended,
groundwater levels had declined about 2.5 feet. The groundwater level remained relatively stable at
an elevation of about 1,218.6 feet, or about 1.6 feet higher than the pre-recharge elevation, for about
2 weeks.

Between May 9 and May 28, 2007, the groundwater level declined to an elevation of about
1,216.3 feet. Part of the overall decline is a sharp decline of about 0.9 feet between May 24 and
May 28. This decline was aso observed in PZ-1, PZ-2 and PZ-4. The overall groundwater level
decline is the result of a combination of factors including decay of the recharge mound, little
precipitation recharge during May 2007, and possibly pumping from other wells completed in the
sand and gravel aquifer. Similar to the assessment of water levels in PZ-1, it is likely that pumping
was responsible for the steep water level decline between May 24 and 28, because water levels rose
starting May 28, 2007, but there was no recharge from precipitation at that time.

Figure 5-14 shows the groundwater temperature and elevation in the County Well. The groundwater
temperature was decreasing prior to recharge, and continues to decrease slightly during the recharge
period. About 10 to 12 days after recharge stopped, the groundwater temperature started to rise.
About 60 days after recharge ended, the groundwater temperature was about 1.4°C higher than the
end of recharge.

5.25 Summary of Groundwater Level and Temperature Changes

5251  Groundwater Level Response
The following summarizes the groundwater level response during the test:

e The groundwater level declined about 1 foot in the shallow piezometers in the 7 days prior to
the test. A similar decrease in groundwater levels was observed in the County Well, but not
inMW-1.

e During the recharge test, groundwater levels increased in the shallow piezometers by about
49 to 7.1 feet. Groundwater levels in the County Well increased about 4.5 feet.
Groundwater levelsin MW-1 did not respond to recharge.

o The maximum water level rise in the shallow piezometers PZ-1, PZ-2, and PZ-4 occurred
immediately before pond recharge was shut down. The maximum water level rise in the
County Wdll occurred about 7 hours after recharge ended. The water level in the infiltration
pond dropped below the pond floor about 4 hours after recharge stopped.

e Groundwater levels in the shallow piezometers declined between 2.2 and 3.7 feet in the first
5 days after recharge was stopped. The groundwater level in the County Well declined about
2.5 feet over the same time.

e Groundwater levels in the shallow piezometers and the County Well were stable for
approximately 14 days, starting about 5 days after recharge ended. The groundwater levels
during this period were about 1.9 to 2.6 feet above the pre-test groundwater level in the
shallow piezometers, and about 1.6 feet above the pre-test level in the County Well. This
period of stabilization indicates a net groundwater level increase from a combination of
recharge water and precipitation that entered storage in the uppermost saturated zone.
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5252

Groundwater levels in the shallow piezometers and County Well declined over about a
3-week period following the 2 week period of stabilized groundwater levels. In the shallow
piezometers, the groundwater level decline was about 3.3 to 3.6 feet after the period of
stabilization. A decline of about 2.3 feet was observed in the County Well over the same
period. The decline in water levels could be the result of decay of the recharge mound, and
also because of other changes in discharge or recharge in the shallow aquifer such as an
increase in pumping.

An immediate groundwater level response to pond recharge was observed in PZ-1, adjacent
to the infiltration pond, and PZ-2, located about 250 feet cross-gradient from the pond.
Piezometer PZ-4, located about 300 feet downgradient of the pond, responded after about
2 hours of recharge. Given that piezometers PZ-2 and PZ-4 both located a similar distance
from the pond responded at very different times, the uppermost saturated zone is most-likely
heterogeneous with preferential flowpaths (higher permeability channels) in the direction of
PZ-2. These high-permeability channels may be former stream channels with cleaner sand
and gravel (less silt) than other parts of the uppermost saturated zone.

When recharge stopped, groundwater levels in PZ-1 and PZ-2 declined immediately. In
Pz-4, there was alag of about 2 hours before groundwater levels start to decline.

There was no groundwater level response to pond recharge in MW-1 because this well is
upgradient of the recharge pond and completed in a deeper part of the sand and gravel
aquifer. In the County Well, there was a lag of about 12 hours between the start of pond
recharge and an increase in groundwater level, and alag of about 10 hours between the end of
pond recharge and a groundwater level decline because of cemented gravels underlying the
uppermost saturated zone and the deeper part of the aquifer where the well is compl eted.

Temperature Response

The following summarizes the temperature response during the test:

The groundwater temperature in the shallow piezometers was generally stable or increased
dightly (about 0.2°C) in the week prior to the start of the test. In the deeper wells, the
groundwater temperature was either stable (MW-1) or decreased about 0.2°C in the week
before the test started.

The temperature of the recharge water was about 6.5 to 7.5°C. The shallow groundwater
temperature ranged from about 7.5 to 9.5°C at the start of the test. The groundwater
temperature in the County Well was about 8.5°C at the start of the test, and the groundwater
temperature in MW-1 was about 11.4°C.

During the recharge test, the groundwater temperature in the shallow piezometers PZ-1 and
PZ-2 decreased about 0.7 to 1.2°C. In PZ-1, the maximum temperature decrease occurred
about one day after the start of the test. After about one day of recharge, the temperature
started to increase, with an increase of about 0.5°C over the test duration. In PZ-2, the
maximum temperature increase occurred at the end of the recharge period. In shallow
piezometer PZ-4, the temperature increased by about 0.5°C during the test. In the deeper
wells, the groundwater temperature decreased dlightly (0.1 to 0.2°C) in the County Well, and
was stablein MW-1.

In the shallow piezometers, the groundwater temperature increased after recharge stopped. In
PZ-1, the temperature increased by 0.5°C 12 hours after recharge stopped. Following the
immediate increase at the end of recharge, the groundwater temperature increased about
0.2°C over the next 60 days. In PZ-2, the temperature the groundwater temperature increased
by about 0.8 °C over the 10 days after recharge was shutdown. In PZ-4, the temperature
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increased during and after the recharge period. About 60 days after recharge ended, the
temperature stabilized for about 2 weeks.

¢ In the County Well, the groundwater temperature started to increase about 10 days after
recharge ended. About 60 days after recharge ended, the groundwater temperature was about
1.4°C higher than the end of recharge.

5.2.6 Titus Creek

No stage or flow measurements are available from Titus Creek during the shakedown test. Water
temperature measurements collected during the recharge period are shown on Figure 5-15. The
temperature was generally stable at about 10.6°C during the test, with small daily fluctuations.

5.2.7 Groundwater Flow

Groundwater levels increased in all of the monitored shallow piezometers during the test by
about 4.9 to 7 feet. At the end of recharge, the depths to water in the piezometers near the pond
(PZ-1, PZ-2, and PZ-4) were about 1.2 to 4.3 feet bgs.

The groundwater level in the County Well increased about 4.5 feet. The depth to water in the County
Well was about 2.5 feet bgs at the end of recharge. Groundwater elevations at the end of the test are
shown on Figure 5-18, and summarized on Table 5-1. Groundwater flow is to the west-southwest,
similar to the pre-test groundwater flow direction. The hydraulic gradient near the pond at the end of
the test is about 0.013 ft/ft, a slight increase of about 0.003 ft/ft from the pre-recharge condition.

5.2.8 Groundwater Discharge

After about 10 days of recharge, groundwater discharge occurred in a cut back about 3,400 feet
west-southwest of the infiltration pond. Water was observed discharging from a bank of sand and
gravel into the parking of a business (Figures 5-16 and 5-17). The discharge location is downgradient
of the Mill Creek WTP (Figure 5-18). The discharge rate was not measured, but was visually
estimated to be about 100 gpm by City of Walla Walla personnel. Groundwater discharge continued
for about aweek after pond recharge stopped.

A review of historic Walla Walla water system maps indicated a historic wood stave pipeline crossed
the area of the infiltration pond and the area where the groundwater discharge occurred (Figure 5-18).
The pipeline was constructed along the railroad grade from Walla Walla east to Tracy (now
abandoned). The pipeline conveyed water from Mill Creek to Walla Walla prior to the construction
of the Twin Reservoirs and a riveted iron pipeline (along a different aignment along Mill Creek
Road) to serve the City in 1921. In 1953, two new welded iron pipelines were installed along the
same alignment as the old wood stave pipeline. Assuming the pipeline alignment (trench) was
backfilled with gravel materials, then these materials could have acted as a preferential pathway if the
groundwater level rose and discharged to the pipeline trench.

5.2.9 |Interpretation of Groundwater Temperature Data

The temperature data from the raw water and the groundwater temperatures in PZ-1 and PZ-2 were
used to interpret the hydraulic properties in the uppermost saturated zone. The following relationship
describing advective transport in groundwater was used to determine the “breakthrough” of recharge
water in the piezometers (Freeze and Cherry 1979) and thus estimate the groundwater velocity and
hydraulic conductivity of the shallow aquifer:
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C/Cy= Cm—Cu/Cr—Cp  (Equation 1)
Where:

C/IC, istherelative proportion of recharge water in the native groundwater (dimensionless);

Cn is the measured temperature of the native groundwater (°C);
G is pre-recharge temperature of the native groundwater (°C); and
C is the temperature of the recharge water (°C).

This relationship was developed to describe the transport of conservative (non-reactive) speciesin a
porous media. It assumes the concentration of the constituent being evaluated is constant in the
groundwater and recharge water, and the constituent does not react with the aquifer mass or the
groundwater. When C/C, is equa to one, the water is 100% recharge water. In the absence of
diffusion or reactions between the recharge water and native groundwater or aguifer mass, a C/C,
value of 0.5 corresponds to the breakthrough of recharge water and can be used to estimate the
groundwater travel time from the source to the piezometer.

This method assumes the temperature of native groundwater and recharge water are constant. During
the recharge test, the temperature of the recharge water and native groundwater increased, and the
temperature of the recharge water likely started to equilibrate with the aquifer matrix and native
groundwater, which was warmer than the recharge water. C/C, was calculated for temperature at
PZ-1 and PZ-2, where a temperature change was observed within the first few hours of the test and
thus there would be limited interaction between the recharge water and the aquifer matrix.

In PZ-4, the groundwater temperature did not change during the test. About 60 days after the test
ended, a 2-week period of stable groundwater temperatures occurred that may represent the passage
of the recharge water plume.

5291 Pz1

PZ-1 is located about 40 feet from the center of recharge pond (Figure 2-1). In PZ-1, breakthrough
(C/Cy = 0.5) occurred about 330 minutes after recharge started (Figure 5-19). The breakthrough time

can be used to estimate the groundwater velocity using the following relationship (Freeze and Cherry
1979):

v=dit (Equation 2)
where

v isthe groundwater velocity (ft/d)
d isthisdistance from the piezometer to the recharge pond (feet)
t isthetimewhen C/C, equals 0.5 (days)

Thus, the estimated groundwater velocity is about 175 feet per day.

The hydraulic conductivity of the uppermost saturated zone can be estimated using the following
relationship (Freeze and Cherry 1979):
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K =vnli (Equation 3)
where

K isthe hydraulic conductivity (ft/d)
v isthe groundwater velocity (ft/d)
n iseffective porosity (dimensionless)

i isthe hydraulic gradient

The hydraulic gradient at time of breakthrough is unknown because the water level in the infiltration
pond was below the ground surface (about 1,234 feet mdl). The hydraulic gradient was therefore
estimated assuming the groundwater elevation was between 1 to 3 feet below the pond base. The
effective porosity of the formation materials was estimated to range from 10 to 20%. Using
these assumptions, the hydraulic conductivity is estimated to range from about 200 to over
1,000 ft/d (Table 5-2). Based on the descriptions of the geologic materials and the falling head test
completed in the piezometer (hydraulic conductivity equal to 169 ft/d), the likely range of hydraulic
conductivities is about 200 to 400 ft/d. The higher hydraulic conductivities estimated based on the
temperature data may reflect the presence of larger-scale preferential pathways of higher hydraulic
conductivity such asrelict stream channels within the uppermost saturated zone.

5292 Pz-2

PZ-2 is located about 250 feet south-southeast of the infiltration pond and the water level response in
this piezometer to recharge suggests that there may be preferential pathways in this direction. In
PZ-2, the groundwater temperature started to decrease about 17.5 hours after recharge started, and the
minimum groundwater temperature was observed after about nine days of recharge (Figure 5-8).
Breakthrough did not occur at PZ-2 (maximum C/Cy, = 0.3 occurred about 7 days after recharge
started). This suggests that PZ-2 may be located on the edge of the recharge water plume, where
limited mixing between the recharge water and native groundwater occurred. This is consistent with
the groundwater flow directions interpreted from the groundwater elevation data (Figure 5-18) that
shows generally southwesterly groundwater flow from the recharge pond.

The temperature data has been used to make a semi-quantitative estimate of the groundwater velocity
and hydraulic conductivity.  This was completed by assuming the maximum C/C, of
about 0.3 represented breakthrough. The maximum C/C, occurred about 7 days after the start of
recharge. Applying equation (1) to the assumed breakthrough time results in an estimated
groundwater velocity about 36 ft/d. This represents a maximum velocity because breakthrough (C/Cy
= 0.5) did not occur at PZ-2. The groundwater velocity thus may be in the range of 20 to 30 ft/d and
the hydraulic conductivity may be in the range of 100 to 300 ft/d. This is much greater than the
falling head test results, and suggests a locally low permeability zone near the piezometer with a
much more permeabl e preferential pathway between the pond and the piezometer.

5293 PZ-4

In PZ-4, located about 300 feet west (down-gradient) of the recharge pond, the groundwater
temperature increased throughout the testing period and for about 60 days after testing stopped.
About 60 days after recharge stopped, a stabilization in groundwater temperature was observed. This
may be the result of the passage of cooler recharge water past the piezometer. The piezometer is
about 300 feet from the pond. If the stabilization of the groundwater temperature represents the
passage of recharge, the groundwater velocity is estimated to be about 5 feet per day. Assuming the
hydraulic gradient between PZ-4 and the pond is 0.010 ft/ft and the effective porosity of the aquifer
ranges from 10 to 20%, the hydraulic conductivity is estimated to be 50 to 100 ft/d. The estimated
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hydraulic conductivity of 50 to 100 ft/d is consistent with the hydraulic conductivities estimated from
the falling head tests (Table 3-2).

5.3 Recharge Test Interpretation

The shallow aquifer at the WTP consists of an uppermost saturated zone that consists of sand and
gravel with a variable amount of silt. These materials are interpreted to be alluvial materials. The
uppermost saturated zone is about 15 to 20 feet thick (extending from 25 to 30 feet bgs with a depth
to water of about 10 feet bgs), and is underlain by lower permeability cemented gravels or silty sands
and gravels extending to a depth of about 137 feet in the WTP area. The materials underlying the
uppermost saturated zone are saturated but because of the lower permeability, do not readily accept
recharge water, and thus the recharge water preferentially flows horizontally within the uppermost
saturated zone.

The groundwater level and temperature response indicates the uppermost saturated zone is
heterogeneous, with areas of higher permeability that act as preferential pathways for the recharge
water. The recharge test suggests that the area around the pond (PZ-1) and south of the pond
(PZ-2) is higher conductivity than the area west of the pond (PZ-4). In addition, the alignment of a
historical buried wood stave pipeline crossed the area south of the recharge pond. The pipeline
aignment may have provided a man-made preferential pathway for recharge water within the
groundwater flow system.

A groundwater mound height of about 5 to 7 feet was observed in the piezometers at the end of the
10-day recharge test. Previous estimates of groundwater mounding were developed as part of the
conceptual hydrogeologic model (Golder 2007b). These estimates assumed:

e A transmissivity of 10,000 to 60,000 ft?/d;
e A gpecificyield of 0.25;

e A depth to water of 15 feet and an aquifer saturated thickness of 17 feet; (from 15 to
32 feet bgs)

¢ Recharge at rates of 0.25 to 1 cfs over 180 days; and
e Aninfiltration basin area of 150 by 50 feet (7,500 square feet).

The results of the groundwater mounding analysis presented in the conceptual hydrogeological model
memorandum indicated a potential groundwater level rise of about 0.3 to 4.6 feet after 10 days of
recharge using the Hantush (1967) method, and about 0.9 to 19 feet using the Jacob (1946) method.

The new piezometers indicate that the depth to water is about 10 feet bgs and the shallow aquifer is
about 20 feet thick (extending from 10 to 30 feet bgs). Falling head tests indicate that the hydraulic
conductivity of the uppermost saturated zone is in the range of about 6 to 170 ft/d, and the results of
the hydraulic conductivity estimates based on the temperature data suggest a hydraulic conductivity
of about 50 to 100 ft/d based on data in PZ-4, and about 200 to 400 ft/d based on PZ-1. Based on
available data, the overall transmissivity of the shallow aquifer is estimated to be in the range of
2,000 to 8,000 ft?/d. This range is lower than the transmissivity estimates used for groundwater
mounding estimates as part of the conceptual hydrogeological model evaluation.

Given the improved understanding of the groundwater conditions and aquifer hydraulic parameters at

the WTP site, the mounding calculations were re-run using the hydrogeologic data collected in the
new piezometers. The analysis assumed:
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Aquifer saturated thickness of 20 feet;
A rechargerate of 1,146 gpm (about 2.5 cfs);
Pond dimensions of 80 by 175 feet (14,000 square feet)

Aquifer transmissivity of 5,000 ft¥d to 10,000 ft?/d (equivalent to a hydraulic conductivity of
250 ft/d to 500 ft/d { assuming a 20-foot thick aquifer}); and

5. Aquifer specific yield of 0.25.

A wbd P

The results of the analysis are summarized in Table 53. The Hantush analysis predicts a
groundwater level rise of about 10 to 18 feet at the center of the pond and about one foot at a distance
of 1,300 feet from the pond. The predicted groundwater level rise with a transmissivity of
7,500 ft?/d to 10,000 ft¥d is similar to the observed groundwater level rise of about 7 feet at
PZ-1, located about 50 feet from the center of the pond. This indicates that the overall transmissivity
of the shallow aquifer may be in this range.

The decay of the recharge mound following the recharge test was also evaluated using the Hantush
method and the principle of superposition. In this analysis, recharge is assumed to occur at a rate of
2.5 cfs, and the Hantush solution is used to predict the groundwater level rise over the recharge period
(and continuing out for 40 days assuming that recharge was not terminated). In order to simulate the
decay of the recharge mound at the end of the 10-day test period, the Hantush solution was used to
predict the “drawdown” resulting from negative recharge (i.e. pumping) occurring at the same
location starting 10 days after the start of recharge. The rate used to predict the water level drawdown
following the recharge test was -2.5 cfs. The predicted buildup and drawdown are summed to
evaluate the decay of the recharge mound after recharge ends.

The decay of the recharge mound after recharge ends was evaluated for a range of aquifer
transmissivities from 5,000 to 10,000 ft¥d. Analysis indicates that there would be a rapid
groundwater level decline of about 9 to 15 feet in the first five days after recharge ends. Five days
after recharge ends, the residual groundwater level buildup would be about 1.5 to 3 feet above the
pre-test level (Figure 5-20). Over the remaining 30 days, the groundwater level would decline
dowly. Thirty days after recharge ends, the residual groundwater level buildup would be about
0.7 foot above the pre-test level. Thisissimilar to the response observed in the shallow piezometers.
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6.0

CONCLUSIONS OF SHORT-TERM RECHARGE TEST

The following are the conclusions from the short-term recharge test:

Silty sands and gravels comprise the uppermost water bearing zone at the Mill Creek WTP
extending from the water table (approximate depth 10 feet bgs) to a depth of about 30 feet.
The material is heterogeneous as a result of the depositional conditions.

Groundwater levels in the shalow piezometers completed in the uppermost saturated zone
downgradient of the pond responded to recharge within 2 hours of the start of the test. A
groundwater level rise was observed in al of the shallow piezometers downgradient of the
infiltration pond. At the end of recharge, the groundwater level increased between 4.9 and
7.1 feet. Groundwater levels also increased about 4.5 feet in the County Well, completed in a
deeper part of the aquifer. MW-1, a well located upgradient of the infiltration pond and
screened below the uppermost saturated zone at a depth of 75 to 80 feet bgs, did not respond
to recharge.

The depth to water at the end of recharge was about 2.2 to 4.3 feet bgs in the shallow
piezometers. The depth to water in the County Well was about 3 feet bgs at the end of
recharge.

The groundwater levels in the shallow piezometers declined for about 5 days after recharge
was stopped. After the period of decline following the end of recharge, groundwater levels
stabilized for about 2 weeks. The stabilized groundwater levels were about 1.9 to 2.6 feet
higher than the pre-test level. Following this 2-week period of stabilization, the groundwater
levels declined over the next three weeks.

Groundwater flow in the uppermost saturated zone is to the west-southwest. The
groundwater flow direction at the end of the test was similar, with a slightly steeper hydraulic
gradient.

The temperature data from PZ-1, PZ-2, and PZ-4 were used to estimate the groundwater
velocity and hydraulic conductivity of the shallow aquifer. Based on the breakthrough of the
temperature at PZ-1, the groundwater velocity near the pond is about 175 ft/d, and the likely
range of hydraulic conductivity isabout 200 to 400 ft/d. At PZ-2, the groundwater velocity is
estimated to range from about 20 to 30 ft/d and the hydraulic conductivity of about 100 to
300 ft/d. At PZ-4, the groundwater velocity was estimated to be about 5 ft/d and the
hydraulic conductivity about 50 to 100 ft/d.

About 10 days after recharge started, groundwater discharge was observed in a cut bank
about 3,400 feet west of the recharge pond. Approximately 100 gpm discharged from the
bank for about a week after recharge stopped.

The results of the recharge test indicate the uppermost saturated zone is heterogeneous with
moderate to high permeability ranging from about 50 to 400 ft/d. The overall large-scale
transmissivity of the shallow aquifer is likely in the range of 7,500 to 10,000 ft¥d. The
highest hydraulic conductivity measurements may be associated with abandoned and infilled
stream channels.

Because of the high permeability of the shallow aguifer, the infiltration pond has the capacity
to infiltrate a large volume of water (at least 1,000 gpm). However, because of the aquifer
hydraulic properties and shallow depth to groundwater, recharge resultsin arapid increase in
groundwater levels in the shallow aquifer and discharge of water to the surface at a nearby
local warehouse distributor. The pathway for water to discharge may be associated with a
high-permeability gravel-filled trench previously enclosing a buried wood-stave water line.
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7.0

SHALLOW AQUIFER RECHARGE FEASIBILITY

The development of a full-scale shallow aquifer recharge facility at the Mill Creek WTP to provide
recharge to Titus Creek is not feasible. Thisis because:

The uppermost saturated zoneisrelatively thin (15 to 20 feet) and of moderate transmissivity;
The water table at the Mill Creek WTP is about 10 feet below the ground surface;

The uppermost saturated zone is underlain by lower-permeability cemented or silty sands and
gravels;

The geological conditions, hydraulic properties, and shallow depth to groundwater of the
uppermost saturated zone result in arapid rise in water levels to near ground surface limiting
the amount of water that can be stored in the shallow aquifer;

Groundwater flow at the Mill Creek WTP is to the west-southwest toward the City;

A man-made feature (the former wood-stave pipeline alignment) appears to act as a
preferential pathway for recharge from the infiltration pond which would severely limit
recharge rate and duration; and

Water entering the sub-surface rapidly discharges at the toe of a cut-bank in a nearby parking
lot rather than reaching Titus Creek.

These conditions all contribute to limit the amount of recharge that can be introduced to the shallow
aquifer at the WTP site, and thus diminish the overall effectiveness of a shallow aquifer recharge
program.

121007mk1_SAR Feasibility Report



December 10, 2007 -26- 063-1345.600

8.0 REFERENCES

Cooper, H. H., J. and Jacob, C.E., 1946. A generalized graphical method for evaluating formation
constants and summarizing well field history. Transactions, American Geophysical Union,
Vol. 27, No.4.

Fountainhead, 2006, Strategic Plan, Shallow Aquifer Recharge, Strategy for Restoring and Seasonally
Recharging Shallow Gravel Aquifer(s) and Spring-Fed Streams of the Walla Walla
Watershed.

Freeze, R.A., and JA. Cherry, 1979, Groundwater, Prentice Hall, New Jersey.

Golder Associates Inc., 2006, City of Walla Walla Updated Conceptual Hydrogeologic Model for
Extended Area Aquifer Storage and Recovery Evaluation.

Golder Associates Inc., 2007a, Walla Walla Shallow Aquifer Recharge Project Pilot Test and
Monitoring Plan.

Golder Associates Inc., 2007b, Shallow Aquifer Recharge Project; Mill Creek Water Treatment
Facility — Conceptual Hydrogeologic Model.

Hantush, M.S., 1967. Growth and Decay of Groundwater-mounds in Response to Uniform
Percolation, Water Resources Research, vol. 3, no. 1, pp. 227-234.

HDR/EES, 2005, Walla Walla Watershed Plan.

Kennedy Jenks, 2004, Hydrogeologic Assessment of the Mill Creek and Y ellowhawk Creek Areas,
Walla Walla, Washington.

Kennedy-Jenks, 2006a, Results of the First Season of Shallow Aquifer Recharge Testing at the Hall-
Wentland Site, Umatilla County, Oregon, and Walla Walla County, Washington.

Kennedy-Jenks, 2006b, Technical Memorandum, Locher Road SAR Site Project Activities.

Newcomb, R.C., 1965, Geology and Ground-water Resources of the Walla Walla River Basin,
Washington and Oregon, Washington Division of Water Resources Water Supply Bulletin
21.

Marti, P.B., 2005, Assessment of Surface Water and Groundwater Interchange in the Walla Walla
Watershed, Washington State Department of Ecology Publication 05-3-020.

Walla Walla Basin Watershed Council, 2005, Provisional Hudson Bay Aquifer Recharge Testing
Project 2005 Annual Report.

121007mk1_SAR Feasibility Report



TABLES



[WL001TT

S8)eI00SSY Jap|0D

Y JUSWIYORY Ul papn[our s30[ [[9M

"£00T ‘T Y9IB]A UO Paurelqo sjudwdinseaw Jaem o) pdaq 2

(S120€ A1 30] [1om) UeSo7T SIIA AQ PouMmO AJ[euISLIO sea [[op Aluno) Y[, q
Jusawnuowr Junow-ysnij e ur pajunou St yorgm

‘Guises jo doy ayy 0) paduaIRJal ST 1dem 0} Ydap Ay “d LA J2ID [IIA Y} JO uononIsuod urnp 1ejempunold moffeys Joyruow djay 03 A[pariodar ‘9gg ul "ouf ‘uonelodxy 1o [BIUSWUOIIAUY Aq PI[[eIsul sem [g-MIN &

'SIJON
XTld MNI €991T°1 SY9TT'l 09 86 09 0} TLLOITLL 81 L3°0€8°L0TT | €0TIHT8T 7661 J1Ppm Auno)
SIUQLUAINSEIN
[enuey SE0ET’T Tl 191 L8°01 S 0} 6101 p1 ST €0°'L68°80T°C | T0'918°T8T 9661 JEMIN
XTI1d MNI €9°6TC’1 YP1vEC] €1T 158 S 0} 89T 08T 8°6C 6L°€LEBOTT | +SHE9TST L00T Vv-7d
SIUQIAINSEIN
[enueN 8L°1€C°1 €EEVT1 791 [SSa S 0} 9YT 01961 L'LT Yv'LTL'80TT | 17°9£0°€8T L00T €-7d
XTI1d MNI 80°0€C’1 698€T°1 t'81 19'8 S 0} €TTOELL LT 89°TIL'80TT | €8'8LS°T8T L00T -7Zd
XTI1d MNI 99°LTT1 9L 6€T°1 0861 01'CI S 0} 6'1€0169C SL G8'79S°80T°C | 68158°78T L00T 1-7d
XTI1d MNI L810T°1 €299T°1 S 9€'¥9 S 0} 08 016/ €8 ¥L188°60T°C | +€0STE8T 900C I-MIN
uoEIUIWNI)SU] (Jsw (su (399y) (314 199)) (399)) (Jsu 339§) (s3q 399j) (s8q 139)) sunsey SurypIoN uonINISuU0) IPAA
399)) uoneAd[q | 399)) uoneady (‘xoaddy) J3)eMpuUNOIn) PSud| [BAIRIUL PIURIDS [eAI)U pdoq w01, Joaeax
JdeMpunoIn) jurog SSUNOIY I, 03 pdaq PIURIS PIURIDS
Surnsedy 1ymby

S[1EJ9(] UOIONISUO)) [[OA\ PUB JSJOWOZAL]

009°S¥E1-€90 I-€ '1dV.L £00T ‘01 19quiadaq



December 10, 2007 TABLE 3-2

Completed Piezometer Falling Head Test Results

063-1345.600

Hydraulic Hydraulic Saturated
Completion Depth | Conductivity | Conductivity | Thickness | Transmissivity
Well Number (feet bgs) (ft/d) (cm/s) (feet) (ftzld) Geologic Material
PZ-1 26.9-31.9 169 0.060 19.8 3,346 Gravel and silty sand and gravel
PZ-2 17.3-22.3 6.3 0.002 184 116 Silty sand and gravel
PZ-3 19.6 - 24.6 54 0.019 16.2 872 Silty gravel
PZ-4 21.8-26.8 135 0.048 213 2,874 Silty sandy gravel
Geometric Mean - 53 0.019 993 -
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December 10, 2007 TABLE 3-3 063-1345.600

Falling Head Test Results - Drilling of PZ-1

Hydraulic Hydraulic
Depth (feet | Conductivity | Conductivity
below ground) (ft/d) (cm/s) Geologic Material
21 74 0.026 Silty sand, gravel, and cobbles
23 45 0.016 Silty sand and gravel
36 1,030 0.363 Silty sand and gravel
49 1,370 0.483 Silty sand and gravel
57 315 0.111 Silty sand and gravel
Geometric Mean 272 0.096 -

Note:

Tests completed at 36 and 49 feet may be affected by |eakage around the casing and results are

suspect.
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December 10, 2007

121007mk1_tables

TABLE 5-3

Revised Groundwater Mounding Estimates

063-1345.600

Hydraulic Mound Height at | Mound Height Impact

Transmissivity Conductivity Pond at Pond Radius
(ft?/d) (ft/d)* (feet)? (feet)® (feet)*
5,000 250 18.2 18 1,227
7,500 375 13.1 13 1,294
10,000 500 10.3 10 1,318

Notes:

1. Based on a 20-foot aquifer thickness.

2. Calculated using Hantush (1967) method
3. Calculated using Jacob (1946) method

4. Defined asawater level rise of 1 foot.

Golder Associates
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FIGURE 5-1. Test Setup at Hydrant
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FIGURE 5-2. Pond Staff Gage
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Groundwater
Discharge
Location

FIGURE 5-16. Overview of Seep L ocation
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FIGURE 5-17. Seepage from Cut Bank
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APPENDIX A

WELL LOGS



et
5 v
Fite Original and First Copy with Start Card No.!—
% Department of Ecalogy WATER WEI-L REP ORT
O Second Copy O s STATE OF WASHINGYON
—] Third Copy—Driller's Copy . Water Right Permit No.
Q - — -
< \ OWNER: name_Willis E., Iogan addresa_3420 Isaacs; Walla Walla, Wa 2
" -
‘= (2) LOCATION OF WELL: comy__talla Walla SE i MW, g 13+ TN y /36E wm
"E (2a) STREET ADDDRESS OF WELL (or nearest addreas) 3420 Isascs; Walla Walla, Wa‘. 99362
O (3) PROPOSED USE: % 5:;"::;'"0 industrial 3 Municipal 3 | {10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
g O DeWater Test Well [] Other 0 Formation: Describe by color, character, size of material and structure, and show
—— thick of aquifers and the kind and nature of the material in each stratum penetrated,
et Owner's number of well with at least one entry for each change of information.
(4) TYPE OF WORK: y
g 0 (it more ‘ha";m) 0 MATERIAL FROM TO
Abandoned New well Method: Dug Bored - -
s Deepened 0O Cable 5( Driven [J Gravel &.Cobblestnnes 0 12
- Reconditioned {] Rotary [J Jetted (] Cement Gravel 12 48
£ (5) DIMENSIONS: piameter of well 8 inches. [-Drown Clay & Gravel 48 | 175
e Driled__182 ___feet. Depth of completedwell__182 ¢, | Light-brown Clay 175 1 182
e -
w (6) CONSTRUCTION DETAILS:
-9.. T 7 Casinginstalled: __ 8" "* Diam.from_tlad  fto_ 111 n B i
-g Welded E 6 _PUC * piam. from__102 ft.to_ 182 f.
Liner instalied
(] Threaded " Diam, from ft. to
,S Perforations: Yes[i] NoD
S Type of perforator used Saw
D SIZE of perforations 3/1 6 in. by 4 in.
g - & per £ perforations from 112 ft.to_112 ft.
- perforations from ft. to
a e perforations from ft. to ft.
= : vesL] Nolt
oo Screens: Yes No
t . Manufacturer's Name
S . Type Mode No.
g * Diam, Slot size from ft. to. ft.
| Diam Slot size from fi. to.
2 Gravel packed: VesL_J No@ Size of gravel ‘
7 Gravel placed from ft. to - ft.
8 Surface seal: vesLX Nol] Towhat depth? 18 ft.
© Material used in seal __Bentonite
- Did any strata contain unusable water? YeaD No&
o . ' . .
Type of water? Depth of strata T
9o . ERENWIE
o Method of sealing strata off D I L5 A -
L‘I'j' (7) PUMP: manutacturer's Name n
T
Yo Type: H.P ‘ ,IAE! l 3 19\52
. N . bt Bx
O (B WATER Leves:  HSMISINN 1190 "
[ Static level ft. below top of well Date 1"6"92 "’T,'J:TT.*;E!‘ET aEEC 1 O0RY
m Artesian pressure Ibs. per square inch Date : Q’(\"ANE ktGiONAL QFFICE il
.|§ Artesian water is controlled by oo Ve i SR
b ; ——— _12/2/91 1/6 ~
Work d ,19. G s
g (9) WELL TESTS: Drawdown is amount water level is lowered below static level ofestarle z 19. Completed Z 1992
O :”,"L" pump test '““""I?/Y‘_’“ " No "V‘:f'd"y“’:°"‘7 . - WELL CONSTRUCTOR CERTIFICATION:
ield: al./min. wi . drawdown after rs.
(] g ° s | constructed and/or accept responsibility for construction of this well,
o " ” ” " and its compliance with all Washington well construction standards.
= " ) " - " Materials used and the information reported above are true to my best
| Recovery data (time ta‘ken)as zero when pump turned off) (water level measured knowledge and belief.
from well fop to water level
Time Water Level Time Water Level Time Water Level NAME ThOmaS R. Ru‘ther
(PERSON, FIRM, OR CORPORATION) (TYPE OR PRINT)
. Address 1421 - Circle Dr; Walla Walla, Wa. 99362
S Date of test
Si i 0428
Bailer test __4'0__ gal./min. with _1_0__ ft. drawdown after _—2_ hrs. (Signed) icenseNo..~1&=
. _— Contractor’'s
Airtest gal./min. with stem set at ft. for hrs. Registration
Art tiow 9.p-m. Date No. Date Jdan. 6 L1992
Temperature of water 6 1 Was a chemical analysis made? YeaD No@

ECY 050-1-20

(10/87)  -1320- T 3 i

(USE ADDITIONAL SHEETS IF NECESSARY)



port.

this Well Re

The Department of Ecology does NOTgrranty the Data and/or the Information on

'3) PROPOSED USE:

e aar o

Second Copy — Owner’'s Copy
Third Copy - Driller’'s Copy

VY LR A LAV VYV AURLIA AWIUE UVE
STATE OF WASHINGTON

(1) OWNER: pameiiicker Bros. & Sons aqaress ROULE 1 & PO 235 Walla
- ¥ T3 oX
(2) LOCATION OF WELL: couny.. 72lla_Halla A L N I A L

Beurirg and distance from section or subdivision corner

Domestic [] Industrial 3¢ Municipal [J
Irrigation [J  Test Well [1 Other 0

(10) WELL LOG:

Formation: Describe by color, character, size of material dnd structure, and
show thickness of aquifers and the kind and nature of the material in each

stratum penetrated, with at least one ent [ ormation.
(4) TYPE OF WORK: Owners number of well 110N L ¢ one entry for each change of formation
*  (if more than one). ... e | MATERIAL FROM TO
Co ' New well  { Method: Dug (I Bored O | =5
Deepened O Cable ji Driven [J uninown
. Reconditioned {J Rotary [} Jetted [
5) DIMENSIONS: i Teo—ehre—best—ofmy—tmowtedse—this——eld
( ) flg . Diameter of well ... 139 inches. . ; 2 . s
Drilled £t Depth of completed well....... ... £, r *
(= r¥y
(6) CONSTRUCTION %%ﬁ t}jﬁ.— J}szju{:.}, I T;x'lci T LZA.L:"J:C: C:.z - Eox mE =19
Casing installed: * Diam. from ft..to g, | Soowt—thewelt I35 dupinegrihe
‘ Threaded (J i’ Diamm. from t. to #t. | montiroiHarcis et tter—reraiptny e
. Welded [ ~eeomerr’” Diam. from it. to t. Pw-P—; ﬁ.f L—hc&.’:;b\l L:AQ .:SE‘J v ifut:T;_M.LLA\: -;.LI
R - ) -r - h - P P31 . P
.Perforaﬁons: Yes Norrﬂ , “liT Uil k..l_l.uk-).lcf-l- U dil %‘Ab TALELA DL S A 2
Type of perforatOElusﬂd' X0 wwas I enTess o=l .-.u;.tz yalluua
SIZE of perforations ..mmmmmmmes . BY wooomemomrsicmr — . | TPETTIIIIOLE
e perforations from ft. to 1t.
K ' ... perforations from ft. to £t.
’ — perforations from’ ft. to £t
. ’ Lol
Screens: vesg No B3 [4
' Manufacturer’s Name. .
“Type Model NOwoor oo I did ot Ari L thiiz wellpuotam .
’;m‘- —— :?: 3‘;" """"" - ;’:‘;‘“ :: :° ::' Sending alongy the inTormation ggutrec
iam. ceeveen. Slot size .o m 0 . z
Oy WOTKingj/en the punp.
. . -
Gravel packed: ves3 NoX. size of gravel: e 7 0 F. Buther

Method of sealing strata off

Gravel placed from ft. to ft. A7 Y 7 /le
TR OWH f H
/ 2 2
Surface seal: yes] No{d To what depth? e £t A == - 711
Material used in seal... : - — ;T ‘
Did any strata contain unusable water? Yes (J No O ya Vo) i, V
Type of water?...o.. eremenene. 1EDEH OF strata..ee..

. (7) PUMP: manutacturer's Name. «Little- Cheif
Type: —

(8) WATER LEVELS:
Static level unk

(9) WELL TESTS:

Yield:

- N R A —— o ’
Turbhing | v g JU18 léﬁ ;
Land-surface elevation . 7.;5 4& J;}EPART M‘E
. above mean sea level..,. . IR E
nown £t. below top of Well Date.......ormcrrins .
. Artesian pressure .............——...1bs. per square inch Date
Artesian water is controlled by
: (Cap, valve, etc.)
Unknown
Drawdown i{s amount water level is
lowex_-‘e’d below static level Work started 19 Completed 19
Was a pump test made? Yes ] No E} If yes, by whoma.............. SR
gal./min. with £t. drawdown after nrs. | WELL DRILLER’S STATEMENT:
- i - " This well was drilled under my jurisdiction and this report is

[ ) T . ”» ”

Recovery data (time taken as zero when pump turned off) (water le\fel
measured from well top to water level)

Time Water Level | Time Water Level | Time Water Level
"""" wrikrowm
Date of test
lor test gal./min. with #t. drawdown after..................hrs.

asian flow g.pa. Date.

true to the best of my knowledge and belief.

’ W. E. Ruther & Sbn

(Person, firm, or corporation)

NAME

(Type'orl;ﬂnt)
Route # 4 Walla Jallag4n 99362

Address. o S > "
[éignea] Z/ﬂ/ ,(/éé\~ f / m

(Well Driller)
7/15

License No 0430 Date ',1977

Temperature of water............ Was a chemical analysis

- ; - 44 (
5. F. No. 7356~~0S—(Rev. 4-71). 7 / f

in Yes.] No O~

DDITIONAL SHEETS IF NECESSARY)

=




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

Please print sign and return to the Department of Ecology

Water Well Report

. Onginal — Ecology 15t copy — owner 2™ copy — driller

ECOLOGY Laqlsa

Construction/Decommuission

Construction

[] Decommussion ORIGINAL INSTALLATION Notice
of Intent Number

PROPOSED USE

[} Municipal
I DeWater

B Domestic Industnal
[ Other

3 tmgauon Test Well

TYPE OF WORK  Owner s number of wetl (1f more than one)
71 New well [} Reconditioned 1 Bored

D Driven

Current
Notice of Intent No W05730

Umnique Ecology Well ID Tag No AAN 999

Water Right Permit No

Property Owner Name Mark & Lisa Klicker

Well Street Address Looking Glass Rd

City Walla Walla County Walla Walla

Location NE 1/4 114 SW 1/4 Sec 13 Twn ™ R3S

[[] Deepened Method %gxﬁe [JRotary  [] Jetted Lat/Long (s t r Lat Deg 4—6—— Lat Min/Sec M)Q__
DIMENSIONS Diameter of well 6 mches dnlled ft still REQUIRED ) Long Deg 118 Long Min/S 15/19"

Depth of completed well 152 ft ng g 2= LongMin/isec oo
CONSTRUCTION DETAILS Tax Parcel No
Casing [ Welded Diam from +1.5  fi to 97 ft
Installed Liner instalied 4 5" Diam. from 92 ft to 152 ft CONSTRUCTION OR DECOMMISSION PROCEDURE

Tbreaded Diam from fLro L Formation Describe by color character stze of matenal and structure and the kind and
Perforations ] Yes  LINo nature of the material 1n each stratum penr:-trated with at least 1)ne entry for each change of
Type of perforator used_SAW CUt information indicate all water encountered (USE ADDITIONAL SHEETS IE NECESSARY )
SIZEof perfs 140 by 6___1n andno of perfs 4/t from 97 ft to 150 ft MATERIAL FROM T0
Screens [dyes EINo [JKPac Locaton Topsoil 0 5
Manufacturer s Name Brown Cla‘y & Gravel 5 14
’lglvf:z Slot size, from ModeNo ft to ft Gravel 14 25
Duam Slot size from it to . [Brown Clav & Gravel 25 38
Gravel/Filter packed [[]Yes M No [ Size of gravel/sand Cemented Gravel 38 75
Matenals placed from ft to ft Brown Clay & Gravel 75 96
Surface Seal Yes [INo To what depth? 27 ft Gravel (WB) 96 142
Matenal used in seal_bentoniie Blue Basalt 142 152
Did any strata contamn unusable water? Oyes [ No
Type of water? Depth of strata
Method of sealtng strata off
PUMP Manufacturer s Name
Type HP
WATER LEVELS Land surface eley ation above mean sea level ft
Static tevel _S1] ft. below top of well Date 3/18/03
Artesian pressure Ibs persquare inch Date
Artestan water 1s controlled by
{cap valve elc)
WELL TESTS Drawdown 1s amount water level 1s lowered below static level —]
Was a pump test made? [ ves InNo  Ifyes by whom? _dniller ':—'—\———-;_:_-’—“—-T*—:-—-; - - = i\‘ ‘
Yield 75 gal /mun with 23  fi drawdownafter8 | 8 hrs E — : un £t t - |l \- \
Yield gal /mn with__________ ft drawdownafter________hrs i ; - — e ! \
Yeeld _______gal/min with________ft drawdownafter______ hrs H q‘» 1 ;
I;e;c;:e‘z’:zrzt;;(‘:[r)ne taken as zero when pump turned off) (water level measured from well E N } ] ! \'ﬁ' ‘A\H r) n ?nn% -
Time Water Level Time Water Level Time Water Level ? ST
| | |
| Lre A ]
Date of test \ ! - ~ ‘__,__J
Bailer test gal /mun with ft drawdown after hrs b
Aurtest gal /mun with stem set at ft for hrs
Artesian flow g.p m. Date
Temperature of water 32 Was a chemical analysis made? [7] Yes [C] No
Start Date 2/23/2003 Completed Date 3/19/2003

WELL CONSTRUCTION CERTIFICATION I constructed and/or accept responsibility for construction of this well and its comphiance with all

Washington well construction standards Materals used and the informatron reported above are true to my best knowledge and belsef

Dnlhing Company T.R Ruther Well Drlling

Address_1714 Circle Dnive

City State Zip Walla Walla, WA 99362

Driller/Engineer/] ramnee Name (Print) Thom_e_ls R Ruyther Jr
Dniller/Engineer/Trainee Signature B

Dniler or tramnee License No (0429 \
If TRAINEE, |

Drilier s Licensed No

Contractor s

Driller s e

Ecology is an Equal Opportunity Employer

Registration No TRRUTWD99QCW Date 3[ LQ[ZQQ:‘}

ECY 050-1 20 (Rev 2/03)



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

IS05ID

WATER WELL REPORT

gt o Original & 1* copy — Ecology, 2** copy — owner, 3™ copy — driller
IR AN L1

C(';l‘l)stl!’uctmnll)eeommission (“x” in circle)
[®] Construction ‘
[J Decommission ORIGINAL INSTALLATION Notice
of Intent Number
PROPOSED USE:  [[] Domestic [ kdustrial ] Municipal
3 Dewater [ brigation 7] TestWell [ Other

CURRENT
Notice of Intent No. R62686

Unique Ecology Well ID Tag No. AKT 213

Water Right Permit No.

Property Owner Name City of Walla Walla

Well Street Address Mill Creek Water Treatment Plant

City Walla Walla County Walla Walla

Location NE1/4-1/4 SW1/4 Sec 13 Twn7_R36 =M [[uq

TYPE OF WORK: Owner’s number of well (if more than cne) MW-3 wam ] one
7] New well [ Reconditioned Method :[dJDug [ Bored [JDriven .
[ Deepened CJceble [Rotary ] Jetted Lat/Long (S, tLr Lat Deg Lat Min/Sec
DIMENSIONS: Di of well 6 inches, drilled 87 Still REQUIRED) Long Deg Long Min/Sec
Depth of completed well_83.2 A, G S \&S T, —_— EE—
CONSTRUCTION DETAILS Tax Parcel No. N/A
Casing Welded 6 " Diam from +2.5 ft.to 83.2 ft
Installed: [7] Liner installed - Diam. from ft.to0 ft CONSTRUCTION OR DECOMMISSION PROCEDURE
Ll od [ Diom from Rl f Formation: Describe by color, character, size of material and structure, and the kind and
y N ‘ormation: C11 color, character, s1ze of ma! and s 'S, an
Perforations: []Yes [/]No nature of the material in each stratum penetrated, with at least one entry for each change of
Type of perforator used information. (USE ADDITIONAL SHEETS IF NECESSARY.)
SIZE of perfs in. by in. and no. of perfs from ft.to ft. MATERIAL FROM TO
Screens: Ys [CINo IKPec Location 607 BGS Brown silty topsoil with cobbles with medium 0 )
Manufacturer’s Name Johnson gravel. 18
Type S.S. Model No.
Diam. § Slot size_ 025 from 75 ft to_80 ft. -
Diam 5 Slot size sump from 80 ftto 832 ft Wet silty brown angular basalt, medium. 18 20
Gravel/Filter packed: L Yes No [ Size of gravel/sand
Materials placed from £ to ft Reddish brown dense sandy silt/weathered rock. 20 75
Sarface Seal: [{]Yes [INo  To what depth?_18 ft.
Material used in seal Bentonite Chips Brown silty medium sand with gravel/water. 75 87
Did any strata contain unusable water? O Yes No
Type of water? Depth of strata
Method of sealing strata off
PUMP: Manufacturer’s Name
Type: HP.
WATER LEVELS: Land-surface clevation above mean sea level ft
Static level 47.2 ft. below top of well Date 9/13/08
Artesian p Ibs. per square inch Date
Artesian water is controlled by
(cap, valve, etc.)
WELL TESTS: Drawdown is amount water level is lowered below static level
Was a pump test made? L] Yes [ZlNo Ifyes, by whom?
Yield: gal./min with ft. drawdown after hrs.
Yield: gal/min. with ft drawdown after hrs.
Yield: gal/min. with ft. drawdown after, hrs.
Recovery data (time taken as zero when pump turned off) (water level measured from well
top to water level)
Time Water Level Time Water Level Time Water Level - —
LN TS 7a TR T P=Y e
e CTET Y En
Date of test AN !’ } B
Bailer test gal/min. with R drawdown afer hrs. [ SEP 1A 2@@ /)
Airtest 2 gal./min. with stem set at 80 ffor 1 hrs 05-1465-08 / =
Artesian flow g.p.m. Date DEFAr. i 2 2 OGY
Temperature of water Was a chemical analysis made? [[] Yes [/] No -

Start Date 9/13/05 Completed Date 9/13/05

WELL CONSTRUCTION CERTIFICATION: I 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 knowledge and belief.

O Driller O Engineer O TrainepName (Print) Matthew Call

Drilling Company _Tacoma Pump & Dirilling Co., Inc.

Driller/Engineer/Trainee Signature Zecrtb— /

Address 30316 Mountain Highway

Driller or trainee License No. 2571 & 2467

City, State, Zip_Graham, WA 98338

If TRAINEE,
Driller’s Licensed No.

Contractor’s
Date 9/22/05

Driller’s Signat

Registration No. TACOMPD203PF

Ecology is an Equal Opportunity Employer.



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

/ D730 RESOURCE PROTECTION WELL REPORT

START CARDNO _ / 2 é 2 E
~~~AOJECT NAME- 4 i ngm Llalle  goalld

WELL IDENTIFICATION NO. = - LOCATION Sh 0 fVers Sec /3 Twn&v RITEL

DRILLING METHOD: XL BTREET ADDRESS OF WELL: _Zze.ins Leseriw 'rs

oaner:_Lob . SR /o =t

FIRM: ! (o WATER LEveL ELevaTIoN. /57 & (5, L

SIGNATURE A GROUND SURFACE ELEVATION. ____a/A,

CONSULTING FIRM:___ (77700 /72 4/ INSTALLED: /D~ / 7 ¢

REPRESENTATIVE: DEVELOPED 772
(o AS-BUILT WELL DATA FORMATION DESCRIPTION &
9 l F/Aj/\”w/wfn\ldvfca\(”)é T
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Steel Cover Plate +1.8 ft Constructed February 15-23, 2007
1239.76 ft amsl WA DOE Startcard No. W242923

Ground Surface Lithologic Log 0 ft
Hydrated Medium Silty SAND and GRAVEL with
Bentonite Chip Cobbles (SM/GM)- poorly sorted
Surface Seal subrounded to subangular, fine to
coarse sand and gravel with
rounded to subrounded cobbles of
4 SWL basaltic origin to 4" max, gray-
121ftbgs S brown silt matrix, moist
2
o
18 ft %
6-inch Steel Casing °
(0.375-inch-wall) 2
3
=
i)
o
Figure K Packer 23.2 ft a 26 ft
_ , _258ft GRAVEL with silt and sand (GW) -
Riser Pipe 269 ft subangular to angular fine gravel
6-inch Telescopic with some brown silt and trace fine
Stainless Steel to medium sand, wet 29 ft
Wire-wrap Screen
(0.020" Slot) Silty SAND with Gravel (SM)-
Natural Filter Pack subangular to angular, medium to
319t coarse sand with some light-brown
Sump Pipe with ' silt and trace subangular to angular
Rnttam Plate 35 ft fine gravel, wet 34 ft
Silty SAND and GRAVEL (SM/GM)-
Hydrated Medium poorly sorted subrounded to
Bentonite Chips ——— subangular, fine to coarse sand and
(backfilled) fine gravel, orange-brown silt and
clay matrix, wet
Total Depth Drilled """""HHHHHHHHHHHH 75 ft 75 ft
|—6" —| Drawing not to scale
| 10" |
I 1
Walla Walla SAR Piezometer 1
— As-built Construction and Lithologic Log
Mill Creek WTP, Walla Walla, WA
Golder Logged:
5 gged: JI i
Associates Figure A-1
Check: RB




Steel Cover Plate

Ground Surface

+2.7 ft

Hydrated Medium
Bentonite Chip —
Surface Seal

Constructed February 26-27, 2007

1238.69 ft amsl WA DOE Startcard No. R67954

Lithologic Log 0 ft

Silty SAND and GRAVEL with
Cobbles (SM/GM)- poorly sorted
subrounded to subangular, coarse
sand and fine gravel with rounded
to subrounded cobbles of basaltic

! SWL origin to 6" max, gray silt matrix, dry
8.6 ft bgs 5 to moist
e
o
3
6-inch Steel Casing °
(0.375-inch-wall) a
®
3
£
.
o
Figure K Packer—__ || | 1351 a
Riser Pipe — 73f 171t
18.2 ft
6-inch Telescopic
Stainless Steel
Wire-wrap Screen
(0.020" Slot) SAA but orange-brown silt matrix,
. et below 17"
Natural Filter Pack W W
22.3 ft
Sump Pipe with
Bottom Plate 25 4 ft 25 ft
Caved Borehole i i SAA but clasts and matrix are more
. ; weathered and formation is moist
Total Depth Drilled P ~2rft 27 ft

Golder
Associates

Drawing not to scale

Note: SAA: Same as Above

Walla Walla SAR Piezometer 2
As-built Construction and Lithologic Log
Mill Creek WTP, Walla Walla, WA

Logged: JI

Figure A-2

Check: RB




Steel Cover Plate

+2.7 ft

Ground Surface

Hydrated Medium
Bentonite Chip —
Surface Seal

6-inch Steel Casing

Constructed February 28, 2007

1243.33 ft amsl WA DOE Startcard No. R67954

Lithologic Log 0 ft

! SWL

(0.375-inch-wall)

Figure K Packer

~

15.8 ft

11.6 ft bgs

181t TR -

H— 19.6 ft

Riser Pipe ——

6-inch Telescopic
Stainless Steel
Wire-wrap Screen
(0.020" Slot)

Natural Filter Pack ———

Sump Pipe with
Rnttnm Plate

Golder
Associates

Silty SAND and GRAVEL with
Cobbles (SM/GM)- poorly sorted
subrounded to subangular, coarse
sand and fine gravel with rounded
to subrounded cobbles of basaltic
origin to 4"+, brown-gray silt matrix,
dry to moist

Depth (feet below grour

18 ft

Silty GRAVEL (GM) - Subrounded
to subangular fine to coarse gravel
to 1" dia max, some brown silt, wet

24 ft

Silty SAND and GRAVEL (SM/GM)-
poorly sorted subrounded to
subangular, fine to coarse sand and
gravel to 1/2" max, orange-brown
silt matrix, moist

28 ft

Drawing not to scale

Walla Walla SAR Piezometer 3
As-built Construction and Lithologic Log
Mill Creek WTP, Walla Walla, WA

Logged: JI

Figure A-3

Check: RB




Steel Cover Plate +2.3 ft

Ground Surface

1234.14 ft amsl

Constructed February 23, 2007
WA DOE Startcard No. R67954

Lithologic Log 0 ft

Il Il
Hydrated Medium
Bentonite Chip —+ Silty SAND and GRAVEL with
Surface Seal intermittent Cobbles (SM/GM)-
poorly sorted subrounded to
subangular, fine to coarse sand and
fine gravel with intermittent rounded
v SWL - to subrounded cobbles of basaltic
8.5t bgs 3 origin to 6"+, gray silt matrix, dry to
) moist
%
6-inch Steel Casing °
(0.375-inch-wall) 2
S
=
Figure K Packer 18 ft k= 18 ft
18.3 ft a
19.7 ft
Riser Pipe 21.81t
Silty sandy GRAVEL (GP), poorly
sorted subangular to subrounded
6-inch Telescopic fine gravel with fine to coarse
Stainless Steel subangular to subrounded sand
Wire-wrap Screen and brown silt, gravel clasts
becoming more weathered with
(0020" S|Ot) depth, Wet
26 ft
Natural Filter Pack Silty SAND and GRAVEL (SM/GM)-
26.8 ft poorly sorted subrounded to
Sump Pipe with subangular, fine to coarse sand and
20.8 ft gravel to 1/2" max, orange-brown
Rottom Plate silt matrix, wet
30 ft
I Drawing not to scale
Walla Walla SAR Piezometer 4
Golder As-built Construction and Lithologic Log
'Associates Mill Creek WTP, Walla Walla, WA
Logged: JI i
Check: RB Figure A-4




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

°

STATE OF WASHINGTON
DEPARTMENT OF CONSERVATION
wriy 7/ AND DEVELOPMENT

WELL LOG No..Declka. #1127
Date_May 15 1942 Ceprt. #JQ&&_W

Record by. Paul H- NleJeP ‘
Source L}l v Declsa Cl aim ' -
|

Location: State of WASHINGTON

County____Walla Wa 1k \ I

Areca —— : -
Map E [}
" SEy NWiee 13177 N, R._Z_ﬁ__% """ DIAGRAM OF SECTION

Drilting Co. i :
.Addreqe

Method of Drilling. _.____ﬂmllﬂd_,___Date,ApnA__s.._w
Owner— City of Wallas Walla ‘

Address ___Wa llam.alla,_.Wn sh.

; . above
” o ft.
Land surface, datun ft below
CORRE-~ - THICKNESS DertH
LATION MATRRIAL © {feet) (feet)

(Transcribe driller’s terminology literally but paraphrase as necemry in Parenthcsas i3
material water-bearing, so state and record static level if reported. -Give depths in feet below land-
surface datum unless otherwise indicated. Correlate with stratigraphic oolumn if iewble Pollow-
ing log of materials, list all casings, pgrforations, screens, etc.)

See At_tachﬁﬂ_ahaet

Pump| Tests
Dime 810' x 18t
SWILs 90"
Dd: 22t }

i__xmgL_mo_g;mL________

l___aaing‘__lﬁ___d,t&.__s.t_i asing
’ma.ll__c{

16" shoe 3__15._5}5;* [

___ Pump: D aoM
Motor: 100 hp, electric

Turn up . Sheet_. of. sheets
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Unique Well Tag No: A&6 25 (502

— Well RepOl’t avallable (please attach this form to the well report and submit it to the Ecology Regional Office near
you)
Verification inconclusive

Well Report not available

First Name: Cixu OF  (~wcer (mced Last Name:

StreetAddress: SS  plooee o Borx 478

A eeA Stat_e:‘ (A

ﬁ‘-tm{«:{m@ :

Well Address: N~ SrE C Mice Creek 729,44—/w5.~r PN o .

city: (MALCA A LLH County: -+ NA4Lis (ALl r

T /7 N R 306 € WM. Sec. |3 S€  aofthe NOU Vo

Latitude . - ' " GPS
. Topographic Map
Longitude Survey
‘ . . s ‘L:sitsf’””iv“‘)}w:%““ e '-i’). {F";‘ 5 C o .
! ; ‘ Wl SRR Computer generated
< e 4 "‘f"‘ - Us 4 X_z\’ P ’ ' 4"
Elevation at land surface feet/meters (circle one) Digital Altimeter
e Topographic Map
Additional information, if available: . Other
RECEIVER-

A*-

"The Dep. The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report. .
0
g
§
Ny
(\
l

Location marked on topographic map (please attach) APR 0 2 2002

Location marked on air photo (please attach) DEW@JM&M 8&;\‘ (ECUONLI(%GV




R R
GIE]
;‘,“ 3;,‘&(\ A

&
o~ i 5
M 5 e 3 ? T
1 R R e méfz’%sql“lféh

RATEA .'

S0

Physncal Descnptvon of well (stze of casing, type of well, housing, etc.)

/(9“ Srece CAsi~6 . L

Location of Well identification Tag:

O~ (/,4311'\4 4

Was supplemental tag needed for ease of identifying well? Yes . No

If yes, where was tag placed?

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

A
i “
- ! - Indicate the location of the well within the Section by drawing a dot at that point.
i H
I SECTION

Water Right # Date Issued

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

Circle One: Application Permit Certificate Claim Exempt



APPENDIX B

FALLING HEAD TESTS
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