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WEST PLAINS & LOWER HANGMAN CREEK HYDROGEOLOGIC STUDY

1 Executive Summary

This report summarizes the results of work conducted in
the West Plains of WRIA 54 and the lower Hangman wa-
tershed in WRIA 56 to improve the hydrogeologic char-
acterization of the area and install four new monitoring
wells. It is an addendum to the Hangman Creek Water-
shed (WRIA 56) Hydrogeologic Characterization &
Monitoring Well Drilling Final Report (NLW, 2011).

Four monitoring wells were installed. Two are located in
the West Plains and completed in the deep basalt aquifer.
Two are located in the Lower Hangman watershed, with
one completed in the intermediate unconsolidated depos-
its aquifer and the other in the shallow unconsolidated
deposits aquifer.

The hydrogeology of the West Plains and Lower Hang-
man watershed was characterized using existing well logs
and information from the new monitoring wells.

In general, the vertical gradient is downward throughout
the study area except in the vicinity of MW-9, where it is
upward and the deep basalt aquifer is under flowing arte-
sian conditions.

Stable isotope and age data for groundwater beneath the
West Plains indicates that mixing of younger shallow
groundwater with and deep older groundwater is a domi-
nant mechanism in the West Plains. Mixing can occur via
deep wells that serve as conduits and coarse unconsoli-
dated deposits directly overlying and recharging the deep
groundwater. This is different from flow dynamics in the
middle and lower Hangman Creek watershed area, which
shows less mixing of shallow and deep groundwater.

Groundwater age dates are thousands of years and indi-
cate potential for low recharge rates and/or long travel
paths. This finding warrants caution for future develop-
ment of groundwater from these aquifers.

2 Introduction

This report summarizes the results of work conducted in
the West Plains of WRIA 54 and the Lower Hangman
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watershed in WRIA 56 to improve the hydrogeologic
characterization of the area with data from four new
monitoring wells. It serves as an addendum to the Hang-
man Creek Watershed (WRIA 56) Hydrogeologic Charac-
terization & Monitoring Well Drilling Final Report
(NLW, 2011). Relevant sections of the Characterization
Report are referenced herein rather than repeated.

2.1 Background

The Spokane County Conservation District (SCCD) was
motivated to initiate a hydrogeologic study in 2010 to
address concerns about anticipated population growth and
associated land and groundwater development in the
Hangman Creek watershed. That study entailed drilling
and testing six monitoring wells and developing a con-
ceptual hydrogeologic model using geologic, hydraulic,
and geochemical data collected during field investiga-
tions. The conceptual model also incorporated data from
the Washington Department of Ecology’s (Ecology’s)
well log database, along with seepage and surface water
data from SCCD. The monitoring wells were installed at
key locations in the Hangman Creek watershed to provide
data for evaluating long-term groundwater trends.

The Characterization Report (NLW, 2011) outlined rec-
ommendations for additional work to fill knowledge gaps
about:

o The relationship between groundwater in the Marshall
Creek sub-basin (WRIA 56) and the West Plains
(WRIA 54)

¢ Groundwater resources in the lower Hangman Creek
watershed

There are concerns regarding sustainable groundwater
development in the West Plains of WRIA 54, especially
where there are localized areas of substantial water level
decline and wells going dry.

As in WRIA 56, planners in WRIA 54 are also con-
cerned that future groundwater development may im-
pact groundwater supplies for current users and
groundwater discharge to creeks. These planners strive
to answer the fundamental question, “What is sustain-
able groundwater development?”

NORTHWEST
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WEST PLAINS & LOWER HANGMAN CREEK HYDROGEOLOGIC STUDY

These recommendations and concerns formed the basis
for the scope of work for this investigation.

2.2 Purpose & Scope

The ultimate purpose of this work was to develop infor-
mation that will allow planners and community members
to make informed decisions about future groundwater
development. This information will be critical to protect-
ing not only drinking water supplies but also local creek
flows.

This study focused on installing monitoring wells and
characterizing the hydrogeologic system—more specifi-
cally, the hydraulic connections—at key locations within
in the lower Hangman watershed and the West Plains.
These locations include the Lower Hangman and Mar-
shall Creek sub-basins, where a bedrock ridge affects re-
gional groundwater flow patterns and in the West Plains
where concerns about water resources have been re-
ported. This work included:

e Preparing cross sections to characterize the hydrogeol-
ogy within the West Plains of WRIA 54 and the lower
Hangman watershed of WRIA 56 (including Marshall
Creek sub-basin)

¢ Installing monitoring wells in key areas and conducting
tests to identify aquifer properties and collect ground-
water samples

e Analyzing samples from the monitoring wells and from
existing wells (collected by Spokane County) for rou-
tine constituents and several naturally occurring iso-
topes —oxygen-18 ('*0), deuterium (D), carbon-13
(°C), carbon-14 (**C), and tritium

o Incorporating the hydrogeologic, water level, and
chemistry data into a conceptual model that describes
the groundwater flow system within and between the
West Plains of WRIA 54 and the lower Hangman wa-
tershed of WRIA 56 (including Marshall Creek sub-
basin)

ADDENDUM TO HANGMAN CREEK HYDROGEOLOGIC STUDY
SPOKANE COUNTY CONSERVATION DISTRICT

2.3 StudyArea

The study area for this investigation is shown on Figure
2-1. It includes most of the lower Hangman and Marshall
sub-basins of WRIA 56, the West Plains of WRIA 54,
and those parts of WRIA 34 and 43 that lie within the
wedge shape between WRIA 54 and 56.

The West Plains is a relatively flat landscape that includes
the deeply incised Deep Creek to the northwest, Hangman
Creek and the Spokane River to the east, and topographic
highs to the south that form the boundaries with WRIAs
34, 43, and 56. The relationship of this area to the re-
gional Columbia River system is shown in the Charac-
terization Report (NLW, 2011).

2.4 Warranty

This work was requested by the SCCD and completed by
Northwest Land & Water, Inc. (NLW). It was performed,
and this draft final report was prepared, in accordance
with hydrogeologic practices generally accepted at this
time, in this area, for the exclusive use of the SCCD, for
specific application to the study area. No other warranty,
express, or implied, is made.

3  Monitoring Wells

Four monitoring wells were installed in three key areas in
spring 2012. Their locations are shown on Figure 2-1. At
each well, geologic logging, hydraulic testing, and geo-
chemical sampling were conducted. The wells were con-
figured to allow long-term water level monitoring. Drill-
ing, testing, and sampling were completed in accordance
with a quality assurance plan (NLW, 2012).

Table 3-1: New wells installed during this study

Well Location Depth (ft)
MW-7 Marshall Pit near Marshall 360
MW-8 Hayford Pit near Airway Heights | 370.5
MW-9 Lower Hangman Valley 116
MW-10 Lower Hangman Valley 46.5
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WEST PLAINS & LOWER HANGMAN CREEK HYDROGEOLOGIC STUDY

Geologic logs and construction details are shown for
MW-7 through MW-10 on Figures 3-1 through 3-4, re-
spectively. The monitoring well identifiers for this study
continue sequentially from those installed during 2010—
2011 (wells MW-1 through MW-6; NLW, 2011).

The locations for wells MW-7 and MW-8 were selected
to investigate conditions in an area of projected popula-
tion growth and industrial / commercial land develop-
ment. Groundwater development is likely to occur in the
Marshall Creek sub-basin and generally northward in the
West Plains. MW-7 is located in the Marshall Creek sub-
basin of WRIA 56 and also provides insights into
groundwater flow between WRIA 56 and 54.

The locations for MW-9 and MW-10 were selected to
provide insights into groundwater flow from the mid to
lower Hangman Creek watershed. The borehole for MW-
9 was drilled into a deep basalt aquifer in the Lower
Hangman Valley but completed in an intermediate zone.
Well MW-10 was drilled at the same site and completed
in shallow sediments. This configuration was designed
not only to characterize hydrogeologic conditions at a
range of depths but also to facilitate long-term water level
monitoring in an area where local land and well owners
are concerned about groundwater sustainability. Further-
more, shallow MW-10 was installed to improve the un-
derstanding of groundwater / surface water (Hangman
Creek) interactions.

The wells were drilled by H20 Well Services, Inc., of
Hayden Lake, Idaho, using an air-rotary Speedstar 30K.
This 1150CFM/350psi rig was equipped with downhole
tools, including tri-cone and hammer bits. The borehole
was advanced via 6- and/or 8-inch “open-hole” drilling.
Local intervals were “cased-off” with either with 6- or 8-
inch steel casing.

For each well except MW-10, drilling was temporarily
suspended at the shallow or intermediate aquifer to allow
testing and sampling. Drilling continued into a deeper
aquifer in which the monitoring well was installed. The
deeper zone was also tested and sampled.

ADDENDUM TO HANGMAN CREEK HYDROGEOLOGIC STUDY
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3.1 MW-7

MW-7 is located within the Marshall Creek sub-basin at
Spokane County’s Marshall Pit near the town of Mar-
shall. Along the pit’s eastern wall, an in-situ basalt out-
crop appears at an estimate depth of 50 feet or less below
ground. In contrast, and as described below, the top of
basalt in MW-7 was encountered at 222 feet below
ground, indicating a steep, subsurface, basalt “canyon” in
the pit vicinity.

Two boreholes were drilled at the MW-7 site. The first
was abandoned after it could not be advanced below
262.5 feet because the drill bit broke off its shank and
could not be retrieved. A second borehole, located about
75 feet away, was advanced to 365 feet. It was completed
with six-inch casing, which was driven to 222 feet, and
the remainder was drilled “open hole” through basalt. A
screen was placed from 345 to 360 feet.

Borehole 1. Deposits of sand and minor layers of gravel
or silt/clay were encountered from 0 to 222 feet. The first
water-bearing zone, encountered from 233 to 240 feet,
occurs in a fractured zone within the upper part of a basalt
unit. At 262.5 feet, drilling was suspended, and the inter-
val from 233 to 240 feet was tested and sampled.

Borehole 2. Relatively dense basalt was encountered
from 240 to 355 feet, followed by a productive water-
bearing zone from 355 to 360 feet in predominantly frac-
tured basalt. Logs for neighboring wells indicate that this
water-bearing zone is a sub-regional aquifer that occurs
near the basalt-Latah (clay) interface.

3.2 MW-8

MW-8 is located in the West Plains area at Spokane
County’s Hayford Pit. The well site lies about 2 miles
northeast of downtown Airway Heights, in an area known
to have low-to-moderately productive basalt aquifers.

MW-8 was drilled to 380 feet. Eight-inch casing was
driven to 18 feet. From 18 to 202 feet, 8-inch open-hole
drilling continued. Six-inch casing was lowered to 202
feet (to control loose sand) and driven to 210 feet. The
remainder of the borehole (to a depth of 380 feet) was

NORTHWEST
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drilled 6-inch open-hole through basalt. A screen was
placed from 354 to 368 feet.

A small amount of water (1 gpm) was encountered at 100
feet and increased to 5 gpm at 135 feet. The zone from
100 to 105 was tested and sampled. The first significant
water-bearing zone was encountered in a thin, fractured
basalt zone (140 to 141 feet) overlying clay. This 1-foot
aquifer yielded about 60 gpm during airlifting. Drilling
continued to 202 feet within the Latah formation; airlift-
ing from 202 feet yielded about the same rate of 60 gpm,
indicating that the water is predominantly from the basalt
fracture (140-141 feet). However, a sand zone, 25 feet
thick, was encountered and water contribution from it was
not discernable but it may yield some water. A second
pumping test was conducted and a sample was collected.
Drilling resumed and Latah formation was encountered to
210 feet. The 69 feet (141 to 201 feet) of Latah Formation
included a sequence of clay, shale, silt, and clean sand.
Relatively dense basalt was drilled from 210 to 354 feet.
From 354 to 365 feet a sub-regional aquifer of fractured
and vesicular basalt yielded approximately 60 gpm during
airlifting. The borehole was advanced through dense ba-
salt from 365 to 380 feet.

3.3 MW-9 & MW-10

Located about 1.7 miles south of the intersection of Hatch
and Hangman Valley Roads on a private property, MW-9
and MW-10 are 15 feet apart.

MW-9 was drilled to 300 feet. Six-inch casing was driven
through alluvial and glaciofluvial sand (some gravel), silt,
and clay from 0 to 220 feet. This casing was also ad-
vanced from 220 to 223 through “broken” basalt and silt.
The remaining borehole was drilled as 6-inch open hole
from 223 to 300 feet.

A shallow sand aquifer was encountered from 35 to 55
feet. The 6-inch casing was driven to the bottom of this
interval and a pump was installed to sample this shallow
aquifer. Water pumped from this zone became increas-
ingly silty and the test was aborted. An “intermediate,”
relatively thick sand (locally with gravel and silt) aquifer
was then encountered from 78 to 203 feet.

ADDENDUM TO HANGMAN CREEK HYDROGEOLOGIC STUDY
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A zone of slightly fractured basalt from 265 to 295 pro-
duced about 1 gpm of water. A productive zone of frac-
tured basalt from 295 to 300 feet produced about 60 gpm
during airlifting. Groundwater continued to flow upward
and discharge out of the well casing after the air was shut
off, revealing a flowing artesian condition.

The well was shut in, and a valve and pressure gauge was
installed. The pressure gauge read 13 psi on May 17,
2012. Ecology, the administrative staff at SCCD, and the
property owner were consulted on how to manage this
flowing well in perpetuity; all parties agreed that the
flowing well should be sealed with cement. Prior to ce-
ment sealing, groundwater samples were collected for a
full suite of geochemical analyses. Multiple batches of
cement were pumped into the borehole and displaced to
the lowermost part of the hole to seal the aquifer and stop
the flowing artesian condition. Bentonite grout was
placed above the cement to a depth of 200 feet.

The cased part of the hole was completed as MW-9; the
screen was set from 101.5 to 111.5 feet. This well is
screened in the upper part of the “intermediate” aquifer at
this site.

The drill rig was moved approximately 15 feet northeast
of MW-9 and a shallow borehole was drilled and cased to
a total depth of 47.5 feet. This well, MW-10, was
screened from 39 to 54 feet, within the relatively clean
shallow sand aquifer encountered from 35 to 47.5 feet.
This is the approximate depth of the shallow aquifer
tapped by other nearby wells.

Note that the screened interval for the shallow aquifer
(MW-10) is separated from the underlying “intermediate”
aquifer (MW-9) by an aquitard, which occurs from 55 to
78 ft.

4 Hydrogeology

Because the study area for this investigation overlaps
with that of WRIA 56, much of the relevant hydrogeol-
ogy was covered in the Characterization Report (NLW,
2011). This discussion references parts of the Characteri-
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WEST PLAINS & LOWER HANGMAN CREEK HYDROGEOLOGIC STUDY

zation Report and focuses on information that is germane
to this investigation.

4.1 Methodology

4.1.1 Data Sources

Digital elevation data was used to construct cross-sections
and estimate wellhead elevations. In addition to the logs
for the new monitoring wells, data sources included wells
in Ecology’s database (Ecology, 2003). Spokane
County’s geologic database (GDB), provided by Mike
Hermanson (pers. comm. 2011), includes some wells that
are not in Ecology’s database. The geologic layer surfaces
associated with the Spokane County GDB were incorpo-
rated into the project hydrogeologic model. Wells used in
the cross-sections are listed in Addendum Appendix E.
Appendix E provides well identification numbers. To
view a specific driller’s log, type this number in the form
on Ecology’s website (http://apps.ecy.wa.gov/welllog/).

4.1.2 Well Locations

Accurate well locations are required to calculate land sur-
face elevations from the digital elevation data. Ecology’s
database typically provides well-location coordinates at
the center of the quarter-quarter section indicated on the
drillers’ log. Unfortunately, this information is often
missing or incorrect. Consequently, these locations were
refined whenever possible to improve their accuracy, us-
ing various methods.

Wells in the geologic database, which had been field-
located, were used when available. Mike Hermanson also
provided improved locations for some additional wells.
For wells that were included in only the Ecology database
(and no other sources), the locations were refined using
parcel information, if a parcel identification (PID) was
specified. If a well could be associated with a parcel, then
the location was modified using GIS to identify the center
of the parcel. If no PID was available, the taxpayer and
well owner names were compared to correlate the wells to
parcels. These correlations were mapped and reviewed;
associations were made only if the well was located near

ADDENDUM TO HANGMAN CREEK HYDROGEOLOGIC STUDY
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the parcel. If no parcel information was available, the
address on the well log was mapped using Google and/or
GIS. Coordinates were obtained using GIS.

4.1.3 Drillers’ Logs

The methodology for analyzing drillers’ logs is described
in the Characterization Report (NLW, 2011). For this
investigation, lithologic data for 94 wells and water level
data for 83 wells were incorporated into the project data-
base.

4.1.4 Hydrogeologic Cross-Sections

Figure 4-1 shows the well locations and cross-section
alignments. Figure 4-2 provides a key to the lithologic
textures shown on cross sections.

Many cross-sections were prepared to understand the
general hydrogeology of the study area. Of these “work-
ing sections”, four final sections were selected to charac-
terize the subsurface geology and identify aquifers and
aquitards because they featured relatively deep, detailed
well logs and include the monitoring wells and wells
sampled by Spokane County (Figures 4-3 (Addendum 1-
1) through 4-6 (Addendum 4-4°).

Each well shown on the cross sections is labeled with
Ecology’s identification number and features columns
that graphically illustrate geologic, water level, water oc-
currence, and screening attributes. The “screened inter-
val” column is blank for wells with open boreholes or
bottoms. In general, browns represent basalt and include
hatching for fractures or vesicles, beige is clay, blue is
sand and/or gravel, dark gray is shale, and white with a
“crystalline” hatch pattern denotes granite. The column
indicating water occurrence can be useful for identifying
laterally continuous water-bearing zones; even though
many well logs omit this information, water may still be
present.

The geologic surfaces from Spokane County were incor-
porated into the Viewlog project database. These layers
were consistent with the geology indicated by the graphic
logs in some locations but inconsistent in others.
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The sections show the approximate top of the Wanapum
and Grande Ronde Formations—contacts that are based
on lithologic information from the well logs and on geo-
logic layers from the GDB'. In addition, the cross sec-
tions show contacts that correspond to the top and/or bot-
tom of the Latah Formation, paleochannel deposits, wa-
ter-bearing zones, and groundwater flow directions. The
water-bearing zones are considered to be of limited lateral
extent unless they can be correlated with a neighboring
well. Groundwater flow directions are shown with blue
arrows; an X indicates that the flow direction is into the
page, perpendicular to the section alignment.

4.2 Geologic Features

4.2.1 Basalt

Columbia River Basalt (CRB) crops out throughout and
underlies most of the Hangman Creek watershed and the
study area. The units known to occur in the watershed
include the Wanapum (14.5-15.5 Ma) and Grande Ronde
(15.5-17 Ma) Formations. The CRBs are discussed in
detail in the Characterization Report (NLW, 2011).

Rock samples were collected during drilling for the pur-
pose of identifying individual flow members. Because of
budgetary constraints, they were not analyzed for this
investigation.

4.2.2 Nonglacial Sedimentary Deposits

Alluvial/colluvial deposits and Latah Deposits are dis-
cussed in the Characterization Report (NLW, 2011).

4.2.3 Paleochannel Deposits

These deposits were described as glaciofluvial / lacus-
trine / flood deposits in the Characterization Report
(NLW, 2011).

! Where information was too limited, these contacts are
omitted. Note that these contacts are incongruent with Spo-
kane County’s layers in locations where the graphic well
logs are inconsistent with their layers.
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Paleochannel deposits occur extensively in the West
Plains, generally at land surface as a layer that mantles
the underlying geologic unit. Locally, they fill the scoop-
like scour features of limited lateral extent. At these loca-
tions, the bottom of the deposits is bowl-shaped rather
than flat. This is commonly observed in the pothole fea-
tures of eastern Washington that resulted from the Mis-
soula Floods. In many places within the West Plains,
these scour features cut into the Wanapum and Grande
Ronde.

4.2.4 Basement Rock

The same basement rock that underlies the Hangman
Creek watershed occurs beneath the study area. These
rocks form a partial bowl-like shape with a higher-
elevation “rim” along the west and south sides of the
study area. The basement slopes to the northeast and at-
tains greater depths beneath the Spokane River and
Hangman Creek, on the north and east sides of the study
area. Along the study area’s southern boundary, the
basement high is part of the subsurface ridge discussed in
the Characterization Report (NLW, 2011); this ridge oc-
curs near land surface in the vicinity of Mur2 and divides
Deep Creek and Marshall Creek.

4.3 Hydrostratigraphic Features

4.3.1 Occurrence of Aquifers

In general, aquifers in the study area typically occur in
basalt flows or within fractured or vesicular zones within
the basalt flows. Less commonly, they are formed by the
sedimentary sandy layers between basalt units. The thick-
ness of these basalt aquifers ranges from about 1 to 25
feet, and their lateral continuity is typically limited to less
than 1 mile. However, although these zones are limited in
their lateral extent, on a large scale they are sufficiently
interconnected to behave as a single large-scale aquifer.

Alluvial, colluvial, and paleochannel deposits locally con-
tain water from local precipitation runoff (“interflow”). In
addition, they may receive water from losing creeks or
adjacent basalt aquifers.
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In the study area, wells are completed in the paleochannel
deposits in the West Plains and in the alluvial / paleo-
channel deposits along Hangman Creek. Aquifer thick-
ness ranges from 20 to 200 feet.

4.3.2 Multi-Aquifer Wells

Wells in the study area commonly produce water from
multiple aquifers because they are seldom constructed
with deep seals and they often have open boreholes or
open-bottom casing. These “multi-aquifer” wells serve as
conduits, facilitating the flow of water down the borehole
or along the outside of the casing. They produce from
water-bearing zones over depths ranging from 50 to 2,000
feet.

Low-yield domestic wells are generally about 50 to sev-
eral hundred feet deep. On the other hand, some high-
yield municipal wells are up to 2,000 feet deep. Although
many municipal wells are properly sealed, those that lack
seals can act as conduits for groundwater movement be-
tween aquifers at different depths.

4.3.3 Conceptual Hydrogeology by Area

This section describes the hydrogeology of the three geo-
graphic areas where the monitoring wells are located and
data are most reliable and detailed. As in the Hangman
Creek watershed, several characteristics control ground-
water flow: the limited areal extent of water-bearing
units; the wide range of thickness, fractures, and vesicles
in the basalt; and the subsurface basement.

MW-7: Marshall Area

The hydrostratigraphy of this area is shown on Figures 3-
1, 4-3, and 4-6.

Unsaturated zone. A thick unit of unsaturated paleo-
channel deposits of differing textures of sand and some
gravel extends from land surface to about 220 feet bgs.
This sequence overlies basalt.

Shallow aquifer. The uppermost aquifer is a zone of
fractured basalt about 7 feet in thickness that occurs from
233 to 240 feet bgs. It produced about 2.5 gpm and is not
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considered a significant aquifer. It is underlain by an
aquitard consisting of a thick sequence of dense basalt.

Deep aquifer. Beneath the aquitard is a deep aquifer that
comprises fractured basalt about 5 feet thick from 355 to
360 feet bgs. This aquifer produced 20-30 gpm. It was
encountered at about 1,980 feet msl and is considered a
significant subregional aquifer based on logs for wells in
the vicinity.

MW-8: Hayford Pit Area

The hydrostratigraphy of this area is shown on Figures 3-
2 and 4-5.

Unsaturated zone. The unsaturated zone comprises
about 20 feet of coarse, unconsolidated deposits of gravel
that overlie a thick sequence of dense basalt layers to 100
feet.

Uppermost water-bearing zone. This vesicular basalt,

about 5 feet thick, produced 1 gpm. It extends from 100
to 105 feet bgs and is not considered a subregional aqui-
fer. This zone overlies about 30 feet of locally vesicular
basalt with thin water-bearing zones. Collectively these

zones produced about 5 gpm.

Shallow aquifer. The uppermost aquifer is a 1-foot-thick
zone of fractured basalt that occurs from about 140 to 141
feet bgs. It produced 60 gpm and directly overlies about
70 feet of Latah deposits, which in turn overlies about
145 feet of dense, non-water-bearing basalt. Despite its
limited thickness at MW-8, this aquifer’s productivity
suggests that it is locally significant; however, it may
have a limited lateral extent and would therefore not be
considered a significant subregional aquifer.

Deep aquifer. A thin basalt aquifer occurs from 354 to
365 feet bgs under the thick aquitard of Latah deposits
and dense basalt. It produced 20 gpm and comprises a 6-
foot layer of fractured basalt and a 5-foot layer of vesicu-
lar basalt. MW-8 is completed in this deep aquifer. Logs
for wells in the vicinity describe a similar stratigraphy;
therefore, this aquifer is considered significant at the sub-
regional scale (Figures 4-1 and 4-3).

NORTHWEST
Land & Water, nc.

Consulting in Hydrogeology




WEST PLAINS & LOWER HANGMAN CREEK HYDROGEOLOGIC STUDY

MW-9 & MW-10: Lower Hangman near Creek

The hydrostratigraphy of this area is shown on Figures 3-
3, 3-4, 4-3, and 4-4.

Unsaturated zone. The unsaturated zone comprises 35
feet of alluvial deposits of silty gravels, sands, and clay.

Shallow aquifer. The uppermost aquifer comprises 20
feet of unconsolidated sand from 35 to 55 feet bgs, inter-
bedded between clay layers. It produced 3.3 gpm. It is
underlain by clay that forms a 22-foot-thick aquitard
separating the shallow and intermediate aquifers.

Intermediate aquifer. Beneath the clay aquitard is 126
feet of saturated alluvial or paleochannel sand that occurs
from 77 feet to 203 feet bgs. The uppermost zone of this
aquifer (77 to 130 feet) was tested and produced 2.1 gpm.
Shallow wells in the area produce water from this aquifer
and, combined with the shallow aquifer, it is considered
important at the local scale within the Hangman Valley.
The aquifer is underlain by 17 feet of clay, 20 feet of
“broken” basalt with silt/clay, and about 55 feet of
slightly water-bearing, locally fractured basalt.

Deep aquifer. Beneath the slightly water-bearing basalt,
5 feet of highly fractured basalt (from 295 to 300 feet
bgs) produced 50 gpm under flowing artesian conditions.
The pressure head was measured at 35 feet above land
surface. This aquifer is likely significant at the regional
scale, although no other flowing artesian wells are known
to occur in the lower Hangman valley.

4.3.4 Aquifer-Basalt Flow Relationship

Table 4-1 lists the aquifers encountered during the drill-
ing of wells MW-7 through MW-10. Basalt flow identifi-
cation is based on information in Spokane County’s West
Plain Geologic Database.
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Table 4-1: Local Aquifer Position in Basalt Flows

Aquifer Depth ?é’ Aquifer Position
(ft, bgs) 3 in Unit Basalt ID*

MW-7 233-240 B Top ?
MW-7 355-360 B Top ?
MW-8 100-105 B Top W
MW-8 135-141 B Bottom W
MW-8 354-365 B Bottom GR
MW-9 35-55 S Top
MW-9 77-203 S Intermediate -
MW-9 295-300 B Bottom
MW-10 35-57.5 S Top -

*W=Wanapum, GR=Grande Ronde

5 Aquifer Testing & Analysis

Aquifer testing was conducted to evaluate yield and water
chemistry at the new wells. Tests were either conducted
in open or cased boreholes after encountering the first
water-bearing unit (“the shallow zone”) or after well
completion (“the deep zone”). Table 5-1 summarizes
pertinent test information. Drawdown data for the tests is
shown on Figures 5-1 through 5-8.

Table 5-1: Pumping Tests

5 2
22} K~
= S|
Tested Interval 'S A
(ft, bgs) = 2| 2 Q(gpm)
MW-7 | 233-240 B X 2,6.5,&7.5
MW-7 | 355-360 B X| 0.8
MW-8 | 100-105 B X 1.0
MW-8 | 100-202 B X 29.4
MW-8 | 354-365 B X| 0.4
MW-9 | 35-55 S X 3.3
MW-9 | 77-130 S X] 21

Pumps were installed to facilitate testing. H20 Well Ser-
vices provided a 1.5HP, 4-inch submersible pump for
open-borehole testing. For tests run in the completed 2-
inch monitoring wells, a Grundfos Redi-flow2 pump was
used. Water levels were measured using a manual
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sounder. Pumping rates were measured using an inline
flow meter and/or a calibrated 5-gallon bucket plus a
stopwatch. Monitoring well MW-10 was not tested.

Aquifer parameters were estimated from pumping data
and well/aquifer information using the same methodology
described in the Characterization Report (NLW, 2011).

The results and parameters used in the pumping test
analysis are summarized below.

Table 5-2: Pumping Test Results (Drawdown Data)

Tested T

Interval (gpd/ft
Well  (ft, bgs)
MW-7 | 233-240 7.5 5.2E+1 | 7 | 7.4E+0 9.9E-1
MW-7 | 355-360 0.8 35E+2 [ 5 | 7.0E+1 9.4E+0
MW-8 | 100-105 1.0 84E+0 [ 5 | 1.7E+0 2.2E-1
MW-8 135-141 29.4 | 8.1E+2 6 | 14E+2 1.8E+1
MW-8 | 354-365 0.4 1.3E+3 | 11 | 1.2E+2 1.6E+1
MW-9 | 51.5-56.5 33 6.1E+1 | 5 | 1.2E+1 1.6E+0
MW-9 77-130 2.1 7.9E+3 | 53 | 1.5E+2 2.0E+1

6 Geochemistry

Geochemical data can provide insights into the origins,
flow patterns, and residence time of groundwater. These
analyses were conducted using the methods described in
the Characterization Report (NLW, 2011).

Seventeen groundwater samples were collected: eight
samples from existing wells selected by Spokane County,
eight from the monitoring wells during testing, and one
from an existing well (in lieu of the shallow monitoring
well MW-10). The samples were collected to assess:

o The source and age of groundwater recharge

o The degree of mixing between aquifers

e The degree of continuity between groundwater and
surface water

ADDENDUM TO HANGMAN CREEK HYDROGEOLOGIC STUDY
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6.1 Sampling & Analysis

All samples were analyzed for field parameters, routine
chemistry, and the stable isotopes '*O and D. Seven of the
eight samples collected by Spokane County and seven of
the samples collected during drilling were also analyzed
for the stable isotope '*C and the radioactive isotopes trit-
ium and "C.

To better understand the relationship between groundwa-
ter in the shallow and deep aquifers, shallow/deep sample
pairs were collected from wells that were carefully se-
lected by Spokane County. These well pairs are com-
pleted in two different aquifers, as summarized in Table
6-1 and shown on Figure 2-1.

In addition shallow/deep sample pairs were collected at
MW-7; and shallow, intermediate, and deep samples were
collected at sites MW-8 and MW-9. Samples collected in
association with monitoring well drilling are summarized
in Table 6-2 and shown on Figure 2-1. The names in
Table 6-2 denote the location and whether the sample
was collected from the borehole (BH) or the completed
monitoring well (MW). If an additional number is in-
cluded, such as BH-9 3, it indicates a second or third
sample collected at that site.

Table 6-1: Samples collected by Spokane County

=

o

Likely g §

Vicinity Geologic Unit 3 2

167998 | Indian Village Estates, | Wanapum X X X

470237 (IRl GrandRonde | x [ x | x

369725 | Eastern part of study GrandRonde | x | x | x
472535 | @@ Paleochannel | x | x

351696 | Southern part of study | Wanapum X X X

617922 | 2" GrandRonde | x | x | x

385958 | Western part of study | Wanapum X X X

445291 g::z,knear Deep GrandRonde | x | x | x
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Table 6-2: Samples associated with drilling

oupeda o v eIva S

BH-7 230 - 240 X X X
MW-7 355 - 360 X X X
BH-8 100 - 105 X X X
BH-8_2 100 - 141 X X X
MW-8 354 - 365 X X X
BH-9_2 295 - 300 X

BH-9_3 295 - 300 X X X
MW-9 77 - 130 X

DW-G 48 - 63 X X X

Sample BH-9, the first sample from the borehole at the
MW-9 site, was collected but not submitted for analysis
because the water was very silty. Instead, a nearby shal-
low domestic well, DW-G, located about 0.1 miles from
MW-9, was sampled to represent the shallow groundwa-
ter zone at this site. The drillers’ log for DW-G included
in Appendix F indicates that this well yields water from
the same shallow sand aquifer as MW-9. BH-9 2 and
BH-9 3 were both sampled from the same deep artesian
zone. BH-9 2 was sampled when the drill rods were in
the borehole but BH-9 3 was collected after the drill rods
were removed to alleviate concerns about possible con-
tamination; therefore, BH-9 2 was not submitted for e
or tritium analysis. MW-9 was completed in the interme-
diate groundwater zone; however, the high pH (11) meas-
ured during sampling indicates that the groundwater was
compromised from the cementing. Consequently, the
samples were not submitted for analysis of stable iso-
topes, 14C, or tritium.

A minimum of three borehole volumes was purged from
each well before sampling. Samples for routine constitu-
ents were field-filtered (0.45 um) and analyzed by Anatek
Labs, Inc. Stable isotope samples were collected without
headspace to avoid changes to their signature and submit-
ted to Zymax, Inc. Radiocarbon samples were collected in
Nalgene™ bottles, treated with sodium hydroxide, and
stored in a cool place. Tritium samples were also col-
lected in Nalgene bottles and stored in a cool place. No
glow-in-the-dark watches or other items were worn dur-
ing the collection of the tritium samples.
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6.2 Results

Chemistry data for this project is maintained in a water-
quality database. For major ions, an ion balance was cal-
culated as a quality-assurance measure. Routine constitu-
ents were plotted on trilinear diagrams as described in the
Characterization Report (NLW, 2011). Stable isotopes
were plotted with the global and local MWL. Other
graphs are shown to illustrate important geochemical rela-
tionships. In general, data from the Characterization Re-
port has been incorporated into the graphs prepared for
this study and used in the analyses discussed below.

Tables 6-3 and 6-4 summarize the field and laboratory
results for samples collected from existing wells and the
new monitoring wells, respectively. The ion balances for
these analyses are summarized in Table 6-5. Because
water is electrically neutral, the negative charge of the
anions should equal the positive charge of the cations.
Samples with ion-balance errors of less than 10 percent
indicate acceptable results. As Table 6-5 indicates, most
of the ion balances for these samples exceeded the ac-
ceptable error. Anatek Lab repeated the cation analyses,
confirmed their accuracy, and concluded that although the
bicarbonate values may be too high, the quality-control
results were acceptable.

The ion balance error for MW-9 is particularly high. Fur-
thermore, the lab value for total dissolved solids (TDS) is
inconsistent with the high conductivity measured in the
field, suggesting that the quality of the lab results is unac-
ceptable. The sample from MW-9 had a pH of 11, indi-
cating that it was impacted by the cement used to seal off
the lower part of the well (a temporary effect); conse-
quently, it is not considered representative of the local
groundwater. Because data from this sample was suspect,
it was excluded from the analyses conducted for this re-
port.

The figures discussed in the next sections use the follow-
ing symbology:

o Well pairs or trios share a similar color.

e Samples collected in 2012 from shallow aquifers are
denoted by solid squares; samples collected in 2010 are
denoted by a plus (+) sign.
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e Samples collected from deep aquifers in 2012 are de-
noted by solid triangles; samples collected in 2010 are
demoted by an X.

o Surface water samples, collected in 2010, are all de-
noted by blue dots.

e The river mile or the tributary abbreviation is indicated
next to each surface-water data point.

Note that samples BH-8 2 and MW-9 are from a water-
bearing zone at an intermediate depth and are denoted by
a solid diamond. Not all plots show all of the symbols;
BH-9 2 only has routine constituent data and 472535
only has routine constituents and stable isotopes of oxy-
gen and deuterium (see Tables 6-1 and 6-2).

6.2.1 Routine Constituents

TDS is low in all of the samples, ranging from 130 mg/L
in MW-7 to 188 mg/L in BH-7. The major ion chemistry
is plotted on a trilinear diagram (Figure 6-1); a second
trilinear diagram (Figure 6-2) incorporates data from the
Characterization Report (NLW, 2011). Figure 6-1 shows
a distinct symbol for each well. Conversely, Figure 6-2
groups the wells for this study as either shallow basalt,
deep basalt, or unconsolidated, and samples from the
Characterization Report are categorized as either ground-
water or surface water.

The cluster in the anion ternary plot indicates that bicar-
bonate is the dominant anion in all the groundwater sam-
ples (Figures 6-1 and 6-2). Conversely, the cation ter-
nary shows a wider range in the relative concentrations of
major cations. It also indicates that the dominant cation is
calcium. The range in values is greatest for calcium and
least for magnesium.

The calcium and sodium data suggest that cation ex-
change plays an important role in water quality. This
process causes calcium to decrease and sodium to in-
crease as groundwater reacts with minerals in the aquifer.
The longer the groundwater resides in the aquifer, the
larger the difference between calcium and sodium. This
reaction path explains why the older groundwater may
contain less calcium than the shallow groundwater (see
section 6.2.3). This reaction path is well documented in
CRB groundwater systems (Hearn et al, 1985; Papado-
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poulos et al, 2009). However, Figure 6-2 shows no obvi-
ous pattern in routine chemistry between shallow and
deep aquifers.

6.2.2 Stable Isotopes

80 and D are plotted with the meteoric water line
(MWL) and 2010 data in Figure 6-3. The 2012 and 2010
data are consistent and indicate a range in the elevation of
precipitation recharge. The data plot along a slope that is
similar to, but offset from, the global MWL; they also
plot closely to the local MWL for southwestern Idaho
(Adkins and Bartolino, 2010). The quality assurance data
were reviewed, and all standards and duplicates fell
within the acceptable criteria. The 2012 data indicate:

o The monitoring well pair and trios clearly illustrate the
general pattern that shallow groundwater has a heavier
isotopic signature than deeper groundwater.

o The difference in isotopic signature is smaller for sam-
ples from existing well pairs than for samples from the
monitoring well sample pairs.

o The deep samples from MW-7 and MW-8 are heavier
than the deep sample from MW-9, likely because the
elevation of the recharge is lower.

¢ None of the samples collected had as light an isotopic
signature as the lightest 2010 sample, which was col-
lected at the MW-3/4 site from an artesian aquifer in
the upper Hangman watershed.

e Mixing is likely the primary reason why so many sam-
ples from existing wells plot in the same vicinity.

6.2.3 Carbon-14 & Carbon-13

The "C and "C results are presented in Tables 6-3 and
6-4. The '*C results are reported as “apparent” or “meas-
ured” ages, which range from 105 to 13,080 years for the
2012 samples. 8 "°C ranges from —14.5 to —18.0 permil.

As discussed in the Characterization Report (NLW,
2011), the & °C data indicate that the groundwater is en-
riched (heavier) relative to typical soil gas, suggesting
that carbon mass transfer has occurred since the water
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infiltrated through the soil zone. The enriched & °C val-
ues suggest one of two likely processes:

e Degassing of carbon dioxide, as reported for ground-
water in the CRB near Skamania (Hinkle, 1996) and in
the Palouse basin (Douglas et al., 2007). In this case,
the actual age would be nearly equal to the apparent
age, and no adjustment would be required.

o Dissolution of carbonate, as reported for a basalt
groundwater in southwestern Idaho (Adkins, 2010). In
this case, an adjustment would be required. The routine
chemistry and the & BC are used to identify the carbon
mass transfer mechanism.

Degassing would remove dissolved inorganic carbon
(DIC) from the groundwater; the lighter isotopes would
be more likely to go into the gas phase and groundwater
would become enriched (heavier 8 °C) in *C, but the
amount of '*C would remain relatively unchanged. Car-
bonate dissolution, on the other hand, would contribute
DIC to the groundwater; the groundwater would become
more enriched in °C (heavier) and the radioactivity of
"C would be diluted with “dead” carbon.”

Based on lack of correlation between 8'*C and bicarbon-
ate, carbonate dissolution is an insignificant geochemical
process for the 2012 samples (Figure 6-4). Rather, vol-
canic glass dissolution and carbon dioxide degassing are
responsible for enriching the groundwater in & "°C rela-
tive to an assumed soil gas of about —22 permil (Appen-
dix C; NLW, 2011). The lower graph on Figure 6-4 is
included as an update to the Characterization Report. The
correlation, albeit weak, between increasing groundwater
age and increasing (heavier) 8 °C supports the interpreta-
tion that this reaction is occurring along the groundwater
flow path. The weakness of the correlation likely reflects
mixing of shallow and deep aquifer groundwater.

Figure 6-5 shows an inverse relationship between sodium
and calcium and a direct relationship between sodium and
"C, indicating that cation exchange progresses with
groundwater age. This is consistent with geochemical
processes that have been reported for groundwater within
the CRB.

2 These processes are discussed in detail in Appendix C of
the Characterization Report (NLW, 2011).
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These results are consistent with those documented in the
Characterization Report (NLW, 2011).

The sample trio from the MW-8 site illustrates a similar
pattern on Figure 6-5 as it did on Figure 6-3: The deep
sample appears to be mixed with shallow zone groundwa-
ter. The hypothetical original, deep groundwater is desig-
nated on Figure 6-5 by a large, light purple circle. BH-

8 2 likely represents intermediate-zone groundwater that
contains little or no shallow groundwater.

6.2.4 Tritium

Tritium results range from 0.15 to 6.14 TU (Table 6-3).
All 14 samples contain tritium at concentrations that ex-
ceed the error, indicating that they contain at least some
groundwater that was recharged within the last 60 years.
Of the seven samples with tritium concentrations greater
than 1 TU, four are from shallow wells and three are from
deep wells.

Figure 6-6 shows the relationship between tritium, '*C,
and 18O, and includes the 2010 data. Low concentrations
of tritium (<1 TU) are detected in samples with a '*C age
ranging from 4,000 to 13,000 years. In the absence of
mixing, samples with ages over 60 years would have no
detectable trittum. The tritium data indicates mixing is a
significant mechanism in the groundwater system. Similar
to the stable isotope data, the range of constituent values
(deep and shallow) is wider in samples from the monitor-
ing well pairs than from the existing well pairs.

Again, the sample trio from the MW-8 site illustrates a
similar pattern for tritium as for the stable isotopes and
'C: the deep sample appears to be mixed with shallow
groundwater. The hypothetical, original deep groundwa-
ter is shown on Figure 6-6 as a large, light purple circle.

7 Interpretation

This section integrates the results of geologic, water level,
and geochemical data to describe groundwater flow, in-
teractions with surface water, and residence time. The
analysis of groundwater flow dynamics considered the
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synoptic water level data collected by Spokane County.
Mike Hermanson provided contour maps, a water-level
shapefile, and hydrographs for continuously monitored
wells (pers. comm. 2012). NLW prepared water level
contour maps for aquifers in the Grande Ronde and
Wanapum. Unit-specific data were selected using GIS
and contours were hand-drawn at 100-foot intervals to
identify general groundwater flow patterns.

7.1 General Groundwater Flow
Patterns & Recharge

7.1.1 Geologic Controls

Spokane County’s geologic unit layers were incorporated
into Viewlog and used to identify features that may con-
trol groundwater flow. Viewlog was used to “step”
through the study area in cross-sections and see how these
geologic layers change spatially.

Several features control groundwater flow. One is the
shape of the basement rock surface. In general, ground-
water moves from the basement highs towards the Spo-
kane River and Hangman Creek. Locally, the subsurface
basement “ridge” along the southern part of the study area
separates groundwater flow in the Deep Creek and Mar-
shall Creek vicinities (Figure 4-3). To the west of this
ridge, groundwater mostly flows northwesterly towards
the Deep Creek River. East of the ridge, it flows east to-
ward Marshall Creek and then northeast toward Hangman
Creek.

Another geologic control is the occurrence of the paleo-
channel deposits, which typically directly overlie the
Wanapum but locally scoured into, and directly overlie,
the Grande Ronde. Deep paleochannel deposits occur
near MW-7 (Figure 4-6), MW-8 (Figure 4-5), and the
three Spokane County well pairs that occur within the
study area boundary.

7.1.2 Recharge

The West Plains recharge area is significantly smaller
than the recharge area for the Hangman Creek watershed.
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It is also lower in elevation, a feature that may account
for the relatively small range in *O for samples from the
West Plains. However, mixing through contact with the
paleochannel deposits or multi-aquifer wells would also
affect the isotopic signature in the deep aquifer, and re-
duce the difference in '*O between shallow and deep
groundwater.

That groundwater flow direction in the West Plains is
from the basement “rim” towards the Spokane River and
Hangman Creek and indicates that recharge occurs from
the basement rock into aquifers within the Grand Ronde
and Wanapum. Low permeability of the basement rock
would result in long travel times; the flow path into the
Grand Ronde is deeper and thus longer than into the
Wanapum. Greater travel distance results in greater travel
time; age of groundwater from basement rock recharge is
expected to be older in the Grand Ronde than the
Wanapum and older with increasing distance from the
basement “rim”.

No new analyses have been conducted to improve the
recharge rate estimates given in the Characterization Re-
port (NLW, 2011). Those calculations were based on the
travel time estimated from groundwater age differences
between two points on a flow path. Because of the mixing
described above, travel times could not be estimated re-
liably.

7.1.3 Vertical Flow

The vertical hydraulic gradient within the study area is
consistently downward except in the vicinity of MW-
9/10, where there are flowing artesian conditions. Spo-
kane County’s synoptic water-level data indicates that
throughout the West Plains, the vertical gradient is down-
ward and ranges from 0.2 to 1.2 ft/ft. This downward gra-
dient provides the driving force for multi-aquifer wells to
introduce groundwater from a shallow aquifer into a
deeper aquifer. Data for key locations is summarized in
Table 7-1.
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Table 7-1: Hydraulic gradients at key locations

The deep groundwater system in the Hangman Creek wa-
tershed is characterized by long travel distances from re-
charge in the distant mountains, with contributions from

E shallow groundwater as it moves downgradient. The deep
s groundwater has very old '*C ages, no tritium, and a light
= isotopic signature.
167998 | N. of study area | W 2,300 (549 |2,211 1.0D
between Dee . .
470237 | o oo Cﬁs GR [1,752 1,676 This conceptual flow model differs from the one sug-
472535 | Eastof MW-8 |Pch | 2,015 | 104 | 1,747 |05D gested by the West Plains monitoring well samples. All of
369725 | " SPok-R. GR 2119 1947 the deep West Plains wells have detectable tritium
Hangman ! ! 14 .
351696 | South of MW8, [W 2376 126 | 2276 | 10D (445291 has 6.14 TU), the "C age is younger than ex-
617922 | & bdy between (=7 250 7129 pected, and the difference between the shallow and deep
W56 and W34 ' ' samples in each pair is relatively small. Also, in the case
358958 | West, near W 2,374 (211 (2,303 |[1.2D of the MW-8 well trio, the intermediate groundwater “ap-
245007 | Deep Ck GR |2.163 2.130 pears” older than the deep groundwater.
BH-7 South, Marshall | CRB | 2,112 (20 | 2,097 0.2D L. .
Table 7-2: Description of isotope data
MW-7 2,092 1,976
BH-8 Central, Airway |W 2,330 [248 [2,257 [1.0D Well Vicinity Description
MW-8 Hghts GR 2,083 2,002 167998 N. of study area Both the shallow and deep
- 470237 between Deep and 14C age are young, <=300 yrs
BH'8_2 ﬁegtral, Airway | W 2,300 218 2,219 1.0D Coulee Creeks
ts
MW-8 g GR [2,083 2,002 369725 Eastern of MW-8 nr Age difference is small; deep
MW-9 SE,LHangmn |Sed |1,861 [-31 |1,751 |-0.2U 472535 Spo]:ane /Hangman | sample has rel young 14C age
- Wshed confluence
Artesian CRB | 1,892 1,560 351696 | South of MW-8, at Age difference is small; shal-
W=Wanapum, GR=Grande Ronde, Pch=Paleochannel, 617920 | Poundary betzveen low sample has rel. old 14C
CRB=Undifferentiated Basalt, Sed=Sediments; Wo6and W3 e
D=Downward, U=Upward 385958 West, near Deep Ck | Age difference is small; deep
445291 sample has rel young 14C age
7.1.4 Residence Time BH-8_2 Central, Airway Intermediate groundwater
MW-S Heights has older 14C age than deep
Regardless of whether the deep groundwater is recharged BH-7 South, Marshall Age difference more similar
slowly from distant or local locations, or if it was em- MW-7 to the pattern observed in
. .. . . . Hangman Ck. watershed
placed by glacial Lake Columbia, its residence time in the , ,

. . DW-G SE, L Hangman Wa- Age difference consistent
deep aquifer is very large. In fac't, the age of the E‘eep o3| tershed With the pattern observediin
groundwater may be older than indicated by the “C data - Hangman Ck. watershed
because of mixing. BH5_85 Along Spangle Creek | Age of very deep groundwater

BH5 501 | NF by with WRIA 34 is relatively young compared
The old age indicates that excessive pumping would re- - to other samples along
move groundwater faster than it can be replenished. Hangman

7.2 Local Flow Conditions

The isotope data indicates that the groundwater flow sys-
tem in the West Plains and Lower Hangman Creek is
more complicated than in Hangman Creek watershed.

Groundwater age and 180 for the 2010 and 2012 data are
shown on a map of the Hangman watershed and the West
Plains (Figure 7-1). The pertinent hydrogeologic mecha-
nisms that are operating in the West Plains are discussed
in this section and then the isotope data, summarized in
Table 7-2, is discussed by area. Note that data from MW-
5 is included because it is located on the very edge of
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WRIA 54 and questions remain about the interpretation
of the observed data.

7.2.1 Recharge from the Paleochannel Deposits
to the Grand Ronde

The contours shown on Figure 7-2 indicate a distinc-
tive pattern. In the vicinity of MW-7 and MW-§, the
distance between the contours is large, suggesting an
increase in transmissivity or a source of recharge. In
areas where this distance is largest (the MW-8 vicinity,
along Deep Creek, and west and northwest of Fairchild
AFB), paleochannel deposits directly overlie the
Grande Ronde.

These deposits likely act as a conduit for younger wa-
ter to be introduced into the deeper groundwater within
the Grande Ronde. Younger water from the Wanapum
may discharge into the paleochannel deposits and then,
with a downward gradient, move directly downward
into the Grande Ronde, unimpeded by aquitards that
would typically separate the two units. Similarly, pre-
cipitation incident on the paleochannel deposits would
move downward into the Grand Ronde

This would explain why the deep sample from a well pair
has measureable tritium and a younger-than-expected "¢
age at all of the sites but MW-9. The dimensions of the
paleochannel scour features vary, as do the distances be-
tween them and the wells used in this study. As such, the
magnitude of cross-communication may vary spatially
within the West Plains; as such, the age dates for some
well pairs would show more mixing than others. Simi-
larly, the relative amounts of recent precipitation and
Wanapum discharge that comprise the paleochannel
groundwater may vary, and thus the age and tritium in the
underlying aquifers recharged from the paleochannel de-
posits may vary.

7.2.2 Recharge from Basement Rock

The contours on Figure 7-2 also suggest that recharge
occurs from the granite basement “rim” into the aquifers
within the Grand Ronde and Wanapum. The low perme-
abilty and slow groundwater movement through the
basement rock would account for the groundwater in the

ADDENDUM TO HANGMAN CREEK HYDROGEOLOGIC STUDY
SPOKANE COUNTY CONSERVATION DISTRICT

deeper wells having an older groundwater age than in the
shallow wells due to the longer travel distance and time.

7.2.3 Recharge from Deep and Coulee Creeks

Deep Creek and Coulee Creeks discharge into alluvial
deposits in the vicinity of where section alignment Ad-
dendum 3-3’ crosses Deep Creek (near the Indian Vil-
lage Estates well pair). In this area, the alluvial depos-
its directly overlie and recharge the Grand Ronde with
surface water. Throughout most of the year, water does
not flow within Deep Creek channel in this vicinity,
but infiltrates into the underlying groundwater system.

7.2.4 Multi-aquifer wells

Multi-aquifer wells would cause cross communication
between aquifers and a similar mixing effect, but perhaps
on a smaller scale. There is a high density of deep wells
in the vicinity of the west well pair near Deep Creek. It is
difficult to discern the mixing effect from multi-aquifer
wells from that due to paleochannel deposits that recharge
the Grand Ronde beneath scour features.

7.2.5 Flow conditions by Area

N. of study area between Deep and Coulee Creeks.

The "C ages for these groundwater samples, 167996
(Wanapum, shallow) and 470237 (Grand Ronde, deep),
are 105.5 and 350 years, respectively; Groundwater flow
in the vicinity of these wells differs from the rest of the
study area. Their “c ages are so young that they are con-
sidered “modern,” despite their depth, suggesting re-
charge via surface water. Well 167996 is located on an
upland between the creeks and completed in Wanapum
that is likely part of a small localized flow system; the
trittum and young age is consistent with recharge from
local incident precipitation. It is common for water level
in this well to go below the pump intake during the sum-
mer, indicating a localized groundwater system that is
susceptible to large changes in water level with increased
seasonal pumping. Well 470237, completed in the Grand
Ronde where there is no overlying Wanapum (no poten-
tial effect of cross communication between aquifers) and,
is located at a lower elevation in the vicinity where Deep
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Creek discharges into alluvial deposits that directly over-
lie and recharge the Grand Ronde with surface water. The
trittum and young age at this well is consistent with
groundwater dominated by nearby recharge from surface
water.

East of MW-8 near Spokane/Hangman confluence.

The "C age of the deep groundwater at this Grand Ronde
well, 369725 is 3,310 years. This well is located in the
vicinity of deep scour and paleochannel deposits. Age
indicates groundwater at this well receives slow basement
recharge; significant tritium indicates it also receives re-
charge from recent water within the paleochannel depos-
its. This well could also be impacted by cross communi-
cation between aquifers.

South of MW-8, at boundary between W56 and
W34

The "C ages for these groundwater samples, 351696
(Wanapum, shallow) and 617922 (Grand Ronde, deep),
are 5,080 and 6,100 years, respectively; the age difference
is small. The deeper well, 617922, is a monitoring well
with a deep well seal; it is likely completed in an inter-
mediate depth basalt aquifer (M. Hermanson, pers.
comm., 2012). It may be completed in a similar aquifer as
the intermediate depth sample from MW-8, which is thin-
ner, pinches out, and therefore less connected to recharge
from nearby paleochannel scour deposits. It is likely that
groundwater in both these wells is recharged from base-
ment recharge; as such, the older age of groundwater at
the MW-8 site is consistent with its greater travel distance
from the basement source of recharge..The shallower
well, 351696, has very similar but slightly younger
groundwater, suggesting that the Wanapum is also re-
charged by the basement rock at this vicinity. Both wells
have tritium; the shallower well has slightly more tritium
than the deeper well, suggesting slightly more recharge of
recent water, which would also account for the younger
'C age. While the deeper well may be affected by cross
aquifer communication from neighboring multi-aquifer
wells, the deep seal prevents this problem from occurring
from this well.

Well 617922 is located in an area where water level de-
cline has affected several municipal wells (pers. comm.,
M. Hermanson 2012).

ADDENDUM TO HANGMAN CREEK HYDROGEOLOGIC STUDY
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West side of study area, near Deep Creek

The '*C ages of these groundwater samples, 445291
(deep) and 385958 (shallow), are 4020 and 1860 years,
respectively. The deeper well is located closer to the
basement rock and therefore would have a shorter flow
path and younger basement recharge than the other
deep West Plains wells. However, these wells are also
located near many deep multi-aquifer wells and deep
scours filled with paleochannel deposits, both condi-
tions could introduce younger water into the Grand
Ronde.

MW-7

The "C ages of these groundwater samples, BH-7 (shal-
low) and MW-7 (deep), located in the Marshall subbasin,
are 2,360 and 10,100 years, respectively. The deep sam-
ple at MW-7 is older than groundwater for any of the
other samples in the West Plains. The source of this old
groundwater may be from basement recharge within the
West Plains and/or from distant recharge from within the
Hangman watershed.

The significant tritium in the shallow sample and the mi-
nor tritium in the deep sample indicate that the shallow
aquifer has a significant contribution of recent recharge
and the deep aquifer has a smaller contribution from re-
cent recharge. That the deep sample has tritium suggests
that the source of the old water is greater than the meas-
ured age of 10,100 years.

Basement recharge as the sole source of groundwater
at this site is unlikely due to the relatively short travel
distance. It is likely that this area is recharged from
both the Hangman Creek watershed, where groundwa-
ter is older and travel distance is long, and from within
the smaller, more local West Plains, where groundwa-
ter is younger and travel distance is shorter.

The water level data in the Grande Ronde suggests
that groundwater flow paths in this vicinity could be
from both these sources. Water level and age data sug-
gest that deep groundwater in the western part of the
Marshall subbasin is likely hydraulically connected to
deep groundwater beneath the eastern part of the West
Plains.
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MW-8

The "C ages of these groundwater samples, BH-8 (shal-
low), BH-8 2 (intermediate) and MW-8 (deep), are 790,
8220, and 3880 years, respectively. The intermediate ag-
uifer groundwater age is older than the deeper, aquifer
groundwater. The intermediate aquifer is very thin and
probably not as laterally continuous as the deeper aquifer;
consequently, it may not be in direct communication with
the paleochannel deposits. Water level data, geologic con-
trol, and groundwater age indicate that Wanapum and
Grand Ronde aquifers likely receive basement recharge.
The presence of tritium in all the samples indicates a
mechanism for some recent water to be introduced, how-
ever more is introduced to the deep aquifer than the in-
termediate based on tritium and age data. As such, the
intermediate aquifer may contain more basement recharge
water and may not be as strongly impacted by younger
water from the paleochannel deposits as the deeper aqui-
fer.

MW-9/10

The "*C ages of these groundwater samples, DW-G
(shallow) and BH-9 3 (deep), are 1960 and 13080
years, respectively. The deep artesian groundwater at
this site is the oldest age of all the groundwater ana-
lyzed in this phase of the study. It is consistent with the
age of deep groundwater in the Hangman watershed
and much older than the samples in the West Plains.
This age is consistent with the groundwater flow pat-
tern observed in the middle and upper Hangman where
deep groundwater is recharged primarily in the distant
mountains and includes some more recent recharge.
The minor tritium and that the '*C age is not older than
upgradient samples (even though the travel distance
from mountain recharge source is longer) indicates
contributions both from the distant mountains and from
recently recharged, shallow groundwater, The old 14C
age indicates the subsurface ridge does not strongly
separate the deep groundwater in the Lower Hangman
subbasin from upgradient subbasins. The age of shal-
low groundwater in this vicinity, 1,960 years at DW-G,
indicates groundwater is likely a mixture of 1) very
recent recharge from local precipitation, 2) recharge
from Hangman Creekwater, and 3) recharge from adja-
cent upland basalt aquifers.

ADDENDUM TO HANGMAN CREEK HYDROGEOLOGIC STUDY
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MW-5

The very deep sample at MW-5 should be at least twice
as old as reported if it were recharged from groundwater
recharged in the distant mountains within the Hangman
watershed. Mixing from paleochannel deposits or multi-
aquifer wells is unlikely. MW-5 is located at the bound-
ary between WRIA 56 and WRIA 34. The WRIA
boundaries reflect surface drainage and commonly belie
the deep groundwater flow paths. It is likely that the deep
groundwater at MW-5 is part of a flow system that is re-
charged from a smaller area with shorter travel distances.

7.3 Groundwater/Surface Water
Interactions

Hangman, Marshall, and Deep Creeks and their tributar-
ies are fed by direct precipitation runoff and baseflow
(groundwater). The source of baseflow to creeks includes
discharge from adjacent alluvial/colluvial deposits and
from basalt/Latah aquifers. Discharge from basalt/Latah
aquifers may occur directly, where these aquifers inter-
section creek beds, or indirectly via the alluvial/colluvial
deposits.

Locally, losing creeks may recharge the groundwater sys-
tem. The young '*C age of the north well pair
(167996/470237) suggests that the groundwater in that
vicinity may be recharged by surface water. Creeks tend
to lose flow where they are in contact with the high-
transmissivity paleochannel deposits.

8 KeyFindings

F1. Four monitoring wells were installed. Two are lo-
cated in the West Plains and completed in the deep basalt
aquifer. Two are located in the Lower Hangman water-
shed, with one completed in the intermediate unconsoli-
dated deposits aquifer and the other in the shallow uncon-
solidated deposits.

F2. In general, the vertical gradient is downward
throughout the study area except in the vicinity of MW-9,
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where it is upward and the deep basalt aquifer is under
flowing artesian conditions.

F3. Stable isotope and age data for groundwater beneath
the West Plains shows evidence of mixing between shal-
low and deep groundwater. This is in contrast to data
from the middle and lower Hangman Creek watershed
area, which shows less mixing of shallow and deep
groundwater. Mixing mechanisms in the West Plains may
include:

e Multi-aquifer wells that allow groundwater movement
from shallow aquifers (for example, the Wanapum) to
deep aquifers (for example, the Grande Ronde).

e Paleochannels deposits that transmit shallow water to
deep aquifers.

F4. Groundwater age dates are thousands of years indi-
cate potential for low recharge rates and/or long travel
paths. This finding warrants caution for future develop-
ment of groundwater from these aquifers.

F5. Monitoring wells with deep well seals provide more

useful groundwater samples than existing wells that have
shallow wells seals. Wells without deep well seals allow
cross communication between aquifers and may not pro-
vide groundwater samples that represent the aquifer.

9 Recommendations

R1. Implement or enhance existing wellhead protec-
tion. The mixing of shallow and deep groundwater in the
West Plains has important implications about wellhead
protection because chemical spills or leaks could poten-
tially contaminate both aquifers. Implementation of well-
head protection measures will be essential to controlling
and preventing chemical spills or leaks.

R2. Summarize synoptic water level data. Additional
work should be undertaken to summarize the fall 2011
and spring 2012 water level data and prepare contour
maps for the Wanapum and Grand Ronde or for shallow,
intermediate, and deep aquifers, whichever is most ap-
propriate.

ADDENDUM TO HANGMAN CREEK HYDROGEOLOGIC STUDY
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R3. Improve mapping of paleochannel deposits. This
will provide an improve understanding of the hydrologic
connections between aquifers in the Wanapum, Grande
Ronde, and paleochannel. It will further the understand-
ing sustainable water supply as it pertains to engineered
aquifer storage, and potential mitigation of future water
supply development.

R4. Delineate and make public areas of similar and
distinct hydrogeologic characteristics. This type of de-
lineation would alert land and water managers, develop-
ers, and conservationists about how and where water may
be used sustainably and/or protected for surface water
bodies in the future.

R5. Integrate all pertinent hydrogeologic data into a
hydrogeologic conceptual model of the West Plains
region. All pertinent existing and new work should be
integrated into a single set of project files to convey a
comprehensive three-dimensional conceptual hydro-
geologic model with the goal of groundwater manage-
ment. Data should include but not be limited to:

e Recent interpretation of whole rock analyses to im-
prove understanding of basalt stratigraphy,

e Recent work done to delineate the near-surface base-
ment rock,

e Mapping of paleochannel deposits,

e Groundwater elevation contours from synoptic water
level data (R2),

e Continuous water level data,

e Locations of multi-aquifer wells,

e Locations of commercial / industrial chemical use

e Spatial representation of existing water use data, and

In particular, the data should be displayed graphically,
such as in a block diagram to illustrate the dynamics and
multiple components of the flow system. A visual con-
ceptual model would help managers focus aquifer-
protection strategies in vulnerable areas.

R6. Plan with awareness of old water and limited wa-
ter resources. The findings about groundwater ages im-
ply that groundwater resources are limited. These find-
ings should be discussed with municipal water purveyors,
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and private land/water developers in the West Plains and
the middle and lower Hangman Creek watershed to raise
awareness about the potential for unsustainable ground-
water withdrawals. These purveyors and developers
should be encouraged to monitor pumping rate and water
levels frequently, to review data annually, and to submit
this review to a lead agency and/or other stakeholder in
the watershed. SCCD and Spokane County Water Re-
sources should continue groundwater monitoring in per-
petuity and link this data to the future growth in ground-
water use. This will allow managers to project groundwa-
ter level trends (aquifer storage changes) and make in-
formed decisions.

R7. Make data accessible to public. A substantial
amount of hydrogeologic data has now been developed
for the Hangman Creek watershed and West Plains re-
gion, especially since 2010. Much of this data contributes
to the knowledge base of hydrogeology at local and re-
gional scales. These data should be rendered into concise,
easy-to-use formats (such as web-based graphics) to help
those involved in water issues—resource managers, per-
mit reviewers, and even land owners who are planning to
drill a well.

R8. Conduct whole rock analyses. The rock samples
collected during drilling are being stored by Mike Hamil-
ton. These samples should be analyzed to identify the
source geologic unit and the results should be incorpo-
rated into the conceptual model for this project.

R9. Minimize effect of multi-aquifer wells. New pro-
duction wells should be constructed with deep seals to
avoid cross-aquifer communication.

R10. Monitor shallow and deep groundwater for any
new production wells. Because the shallow and deep
groundwater systems are connected, water levels in these
aquifers should be monitored near deep production wells.
This is especially important for production wells that are
located in areas where shallow groundwater likely re-
charges the deep groundwater.

R11. Age date the groundwater sample from the
paleochannel deposits. The budget did not allow for
more than 7 wells selected by Spokane County to be
analyzed for tritium and '*C. The sample from the pa-
leochannel deposits, 472535, should be analyzed for

ADDENDUM TO HANGMAN CREEK HYDROGEOLOGIC STUDY
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tritium and 14C to gain insight on the relative composi-
tion of the paleochannel groundwater. If the paleo-
channel groundwater is very young and contains more
recharge from incident precipitation than groundwater
from basalt aquifers discharging into it, then ground-
water development from these groundwater resources
may be more sustainable and less like “mining”
groundwater.
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Table 6-3. Summary of Water Quality Data for Groundwater Samples from 2012 Sampling by Spokane County

Location Description: Indian Village Estates Hiway 2 - Deep Creek Wanapum-PC-GR Geophysical-NW Bedding
Wanapum  Grand Ronde Wanapum Grand Ronde Paleochannel Grand Ronde Wanapum Grand Ronde
Sample Name: |[VEWA IVEWA lower Brooks Rd Bannock Rd Polo Ground W. Greenwood Hayford Rd Thorpe Rd
Constituent Units Well ID: 167996 470237 385958 445291 472535 369725 351696 617922
Field
Conductivity, field umhos/c 338 450 293 454 498 167 120
Oxygen, Dissolved mgll 12.51 10.29 9.65 0.39 12.72 8.88 0.26
pH field std. units 6.83 7.6 7.52 7.64 6.95 7.45 7.32
Temperature deg C 6.52 6.3 8.84 10.61 7.84 6.22 7.9
Physical
DS mgl/l 209 249 258 296 263 380 202 117
Isotopes
Carbon-13 permil -17.6 -16.4 -14.5 -15.9 -18 -17.5 -16.3
Carbon-14, years years 105.5+/- 40y 350+/- 30y 1860+/- 30 y 4020+/- 30y 3310+/- 30y 5080+/- 30y 6100+/- 30y
Deuterium permil -117.8+/-0.4  -119.9+/-0.4 -126.2 -127.5 -118.7+/-0.4 -118 -122.3 -125.4+/-0.4
Oxygen-18 permil -15.2+/-0.1 -15.5+/-0.1 -16.3 -16.3 -15.5+/-0.1 -15.2 -15.7 -16.2+/-0.1
Tritium TU 4.5+/-0.15 3.69+/-0.12 1.99+/-0.1 6.14+/-0.2 5.65+/-0.19 0.34+/-0.09 0.15+/-0.09

Trace Metals
Dissolved Iron mg/L 0.01ND 0.01ND 0.01ND 0.132 0.01ND 0.01ND 0.01ND 0.01ND
Dissolved Manganese ~ mg/L 0.001ND 0.001ND 0.001ND 0.0243 0.001ND 0.001IND 0.00959 0.001ND

Routine Constituents

Bicarbonate (as CaCO3 mg/L 124 194 90 182 134 194 128 84
Chloride mg/L 8.21 10.3 2.33 12.7 454 23 431 1.05
Dissolved Calcium mg/L 26.4 39.9 26.1 34.3 38.1 60.2 21.2 12.8
Dissolved Magnesium  mg/L 7.19 12.6 9.1 175 10.7 14 8.69 4.61
Dissolved Potassium ~ mg/L 331 3.01 0.838 1.87 3.9 35 2.69 1.19
Dissolved Silicon mg/L 18 12.8 17.3 211 15.4 17.3 18.6 17.7
Dissolved Sodium mg/L 13.3 11.6 7.1 175 17.6 8.42 10.3 6.34
NH3-N mg/L as 0.0227 0.02ND 0.02ND 0.0547 0.0329 0.02ND 0.02ND 0.0514
NO3/N mg/L 6.6 2.92 10.8 0.IND 8.37 9.8 0.126 0.IND
Sulfate mg/L 144 21.1 12.8 43.4 20.3 16.5 10.9 4,76

NORTHWEST West Plains and Lower Hangman Creek Hydrogeologic Study
Land & Water, INC. Addendum to Hangman Creek Hydrogeologic Study
Spokane County Conservation District

Consulting in Hydrogeology



Table 6-4. Summary of Water Quality Data for Groundwater Samples from 2012 Drilling Project WRIA 54/56

Location Description: Marshall Pit well site Hayford Pit well site L. Hangman Ck well site
shallow deep shallow intermediate deep shallow intermediate intermediate deep
Constituent Units Sample Name: BH-7 MW-7 BH-8 BH-8_2 MW-8 DW-G BH-9_2 MW-9 BH-9_3
Field
Conductivity, field umhos/cm 289 247 407 208 220 442 284 598 279
Oxygen, Dissolved mg/l 7 35 35 2 7.7 0.5 1 0.5 0.5
pH field std. units 7.29 7.47 7.2 74 7.96 7.51 7.09 11.13 7.36
Temperature deg C 12.89 18.4 15.3 11.7 19.5 115 13.9 15.1 13.9
Physical
TDS mg/l 188 130 176 154 182 166 162 205 184
Isotopes
Carbon-13 permil -15.2 -14.5 -16.9 -17.9 -15.5 -15 -14.7
Carbon-14, years years 2360+/- 30y 10100+/- 40 790+/- 30y 8220+/-40y 3880+/- 30 1960+/- 30y 13080+/- 50
Deuterium permil -118.3 -126+/-0.4 -118.8+/-0.4 -124.8+/-0.4 -127.2+/-0.4 -119.5+/-0.4 -131.2+/-0.4
Oxygen-18 permil -15.4 -16.2+/-0.1 -15.4+/-0.1 -16.2+/-0.1 -16.6+/-0.1 -15.2+/-0.1 -16.8+/-0.1
Tritium TU 3.82+/-0.13 0.7+/-0.09 4.34+/-0.14 0.28+/-0.09 0.58+/-0.09 2.37+/-0.09 0.16+/-0.09

Trace Metals
Dissolved Iron mg/L 0.01ND 0.01ND 0.01ND 0.0604 0.01ND 0.0603 0.738 0.01ND 0.688

Dissolved Manganese ~ mg/L 0.0127 0.116 0.00699 0.00162 0.00212 0.517 0.0471 0.001IND 0.0593

Routine Constituents

Bicarbonate (as CaCO3 mg/L 118 116 124 103 86 214 142 5ND 144
Carbonate (as CaCO3) mg/L 142

Chloride mg/L 6.43 1.46 28.7 2.24 8.45 3.24 2.43 10.8 244
Dissolved Calcium mg/L 305 18 354 144 14.6 51.7 22 11.7 19.1
Dissolved Magnesium  mg/L 10 9.32 10.4 7.04 5.69 15.3 11.8 1.23 9.97
Dissolved Potassium ~ mg/L 2.57 2.85 2.06 1.76 4.9 3.17 2.48 8.99 2.05
Dissolved Silicon mg/L 20.2 19.5 15.9 18 18.7 13.2 28.1 15.4 23.2
Dissolved Sodium mg/L 4.03 10.3 7.72 7.77 11.8 9.28 12.2 28.3 10.1
NH3-N mg/L as N 0.02ND 0.02ND 0.0289 0.02ND 0.699 0.0664 0.0946 1.78 0.0945
NO3/N mg/L 1.73 0.IND 4.36 0.221 11 0.IND 0.IND 0.IND 0.IND
Sulfate mg/L 7.96 7.1 231 6.03 9.27 175 4.22 29.7 4.34

NORTHWEST . .
Land & Water. inC West Plains and Lower Hangman Creek Hydrogeologic Study

Addendum to Hangman Creek Hydrogeologic Study
Consulting in Hydrogeology Spokane County Conservation District




Table 6-5.

Calculated lon Balance Error for Groundwater Water Samples, 2012

West Plains and Lower Hangman Watershed

Units below reported in equivalents per liter

Sample Bicarbonate,

Name Potassium Magnesium Sodium Calcium Chloride 55 caco3 Sulfate NO3-N lon Balance
2012 drilling

BH-7 0.066 0.833 0.183 1.525 -0.184 -2.360 -0.166 -0.124 -4.1
MW-7 0.073 0.777 0.468 0.900 -0.042 -2.320 -0.148 0.000 -6.2
BH-8 0.053 0.867 0.351 1.770 -0.820 -2.480 -0.481 -0.311 -14.8
BH-8_2 0.045 0.587 0.353 0.720 -0.064 -2.060 -0.126 -0.016 -14.1
MW-8 0.126 0.474 0.536 0.730 -0.241 -1.720 -0.193 -0.079 -9.0
BH-9_2 0.064 0.983 0.555 1.100 -0.069 -2.840 -0.088 0.000 -56.2
BH-9_3 0.053 0.831 0.459 0.955 -0.070 -2.880 -0.090 0.000 -13.9
MW-9 0.231 0.103 1.286 0.585 -0.309 0.000 -0.619 0.000 -26.2
DW-G 0.081 1.275 0.422 2.585 -0.093 -4.280 -0.365 0.000 -4.1
2012 sampling

167996 0.085 0.599 0.605 1.320 -0.235 -2.480 -0.300 -0.471 -14.4
470237 0.077 1.050 0.527 1.995 -0.294 -3.880 -0.440 -0.209 -13.8
385958 0.021 0.758 0.323 1.305 -0.067 -1.800 -0.267 -0.771 -9.4
445291 0.048 1.458 0.795 1.715 -0.363 -3.640 -0.904 0.000 -10.0
472535 0.100 0.892 0.800 1.905 -1.297 -2.680 -0.423 -0.598 -15.0
369725 0.090 1.167 0.383 3.010 -0.657 -3.880 -0.344 -0.700 9.1
351696 0.069 0.724 0.468 1.060 -0.123 -2.560 -0.227 -0.009 -11.4
617922 0.031 0.384 0.288 0.640 -0.030 -1.680 -0.099 0.000 -14.8

Constituent values given in milliequivalents (milligrams per liter / milligrams per milliequivalent).

Positive value indicates cation, negative value indicates anion.

lon Balance = [(sum of cations - sum of anions) / (sum of cations + sum of anions)]*100,

where anions and cations are in milliequivalents

NORTHWEST
Land & Water, Inc.

b Consulting in Hydrogeology
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Addendum to Hangman Creek Hydrogeologic Study
Spokane County Conservation District
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DRILLING METHOD: Air Rotary
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FIRM: H20 Well Services, Inc

CONSULTING FIRM: Northwest Land & Water, Inc
REPRESENTATIVE: Jim Mathieu, Hydrogeologist
LOCATION: NE 1/4 SE 1/4 Sec 16, T24N, R42E
WELL NAME: MW-7

WELL TAG ID: BCL 667
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CONSULTING FIRM: Northwest Land & Water, Inc
REPRESENTATIVE: Jim Mathieu, Hydrogeologist
LOCATION: NE 1/4 SE 1/4 Sec 16, T24N, R42E

WELL NAME: MW-7

WELL TAG ID: BCL 667
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PROJECT NAME: West Plains and L Hangman Ck Study
DRILLING METHOD: Air Rotary

DRILLER: Jim McLeslie, Kevin Young (helper)

FIRM: H20 Well Services, Inc

CONSULTING FIRM: Northwest Land & Water, Inc
REPRESENTATIVE: Jim Mathieu, Hydrogeologist
LOCATION: SE 1/4 NE 1/4 Sec 17, T49N, R43E

WELL NAME: MW-9

WELL TAG ID: BCL 671
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Silt; sli f sndy, mod brn, v Is g [ sl He— Concrete monument seal
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Sand (f-c) & Gravel (f-m); sli slty, dk yel brn § % L
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Aqt = Aquitard

PROJECT NAME: West Plains and L Hangman Ck Study
DRILLING METHOD: Air Rotary

DRILLER: Jim McLeslie, Kevin Young (helper)

FIRM: H20 Well Services, Inc

CONSULTING FIRM: Northwest Land & Water, Inc
REPRESENTATIVE: Jim Mathieu, Hydrogeologist
LOCATION: SE 1/4 NE 1/4 Sec 17, T49N, R43E

WELL NAME: MW-10

WELL TAG ID: BCL 672

Figure 3-4 (pg 1/1)

MW-10 Geologic Log and
Well Construction Details

West Plains and L Hangman Ck Hydrogeologic Study
Addendum to Hangman Ck Hydrogeologic Study
Spokane County Conservation District

NORTHWEST
Land & Water, Inc.




D:\Projects\....\Borehole BH-7 Pumpng Test.xls v 5/10/2012

Drawdown (feet, below static water level)

'S L 4

16 +

18 +

20

10

100
Time (minutes, after pumping started)

Static Water Level: 228.42 feet below measuring point

Measuring Point: 7.9 feet above ground

Pumping Period: 11:10 to 12:42, April 19, 2012
Pumping Rates (Q): 2, 6.5, and 7.5 gallons per minute

Figure 5-1
BH-7 Drawdown
Test Depth Interval 233 - 240 feet

West Plains and L Hangman Ck Hydrogeologic Study
Addendum to Hangman Ck Hydrogeologic Study
Spokane County Conservation District




D:\Projects\....\Borehole MW-7 Pumpng Test.xls v 6/15/2012

Drawdown (feet, below static water level)

0.0 +

0.2 + 'S

0.4 +

1.6 +

1.8 +

2.0 1

Q=0.8 gpm %,

100
Time (minutes, after pumping started)

1,000

Static Water Level: 242.79 feet below measuring point
Measuring Point: 2.05 feet above ground

Pumping Period: 09:38 to 11:19, May 25, 2012
Pumping Rates (Q): 0.8 gallons per minute

Figure 5-2
MW-7 Drawdown ;
Test Depth Interval 355 - 360 feet

West Plains and L Hangman Ck Hydrogeologic Study
Addendum to Hangman Ck Hydrogeologic Study
Spokane County Conservation District

RTH
Land & Water, mc.




D:\Projects\....\Borehole BH-8 Pumpng Test.xls v 5/10/2012

Static Water Level: 24.52 feet below measuring point
Measuring Point: 4.2 feet above ground

Pumping Period: 10:47 to 14:30, May 1, 2012
Pumping Rate (Q): 1 gallon per minute

BH-8 Drawdown
Test Depth Interval 100 - 105 feet

West Plains and L Hangman Ck Hydrogeologic Study
Addendum to Hangman Ck Hydrogeologic Study
Snokane Countv Conservation District
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Figure 5-3

NORTHWEST
Land & Water, mnc.




D:\Projects\....\Borehole BH-8_2 Pumpng Test.xls v 5/9/2012

Drawdown (feet, below static water level)

16

18

20

Samples Collected

A

10
Time (minutes, after pumping started)

Static Water Level: 56.40 feet below measuring point
Measuring Point: 2.4 feet above ground

Pumping Period: 11:55 to 13:20, May 2, 2012
Pumping Rate (Q): 29.4 gallons per minute

Figure 5-4
BH-8 2 Drawdown
Test Depth Interval 100-141 feet

West Plains and L Hangman Ck Hydrogeologic Study
Addendum to Hangman Ck Hydrogeologic Study
Spokane County Conservation District

NORTHWEST
Land & Water, inc.




D:\Projects\....\Borehole MW-8 Pumpng Test.xls v 6/15/2012

Drawdown (feet, below static water level)

0.00 +

0.02 +

0.04 +

0.06 +

0.08 +

0.10 +

0.12 +

0.14 +

0.16 +

0.18 +

Q=04 gpm

0.20

10

100

Time (minutes, after pumping started)

1,000

Static Water Level: 273.82 feet below measuring point
Measuring Point: 2.56 feet above ground

Pumping Period (Day 1): 12:52 to 13:40 5/24/12 (no data)
Pumping Period (Day 2): 08:26 to 11:03 5/25/12

Pumping Rates (Q): 0.5 gpm 5/24/12, 0.4 gpm 5/25/12

Figure 5-5
MW-8 Drawdown
Test Depth Interval 354 - 365 feet

West Plains and L Hangman Ck Hydrogeologic Study
Addendum to Hangman Ck Hydrogelogic Study
Spokane County Conservation District

NORTHWEST
Land & Water, mvc.




D:\Projects\....\BH-9 Pumpng Test.xls v 6/18/2012

Drawdown (feet, below static water level)

10 +

12 +

20 +

22 +

24

Pumping Sand, Valve Clogging

0.1

1.0

Time (minutes, after pumping started)

Static Water Level: 14.73 feet below measuring point
Measuring Point: 3.17 feet above ground

Pumping Period : 13:42 to 14:11 May 15, 2012
Pumping Rates (Q): 3.3 gallons per minute

1

Figure 5-6
BH-9 Drawdown
Test Depth 56.5 feet

West Plains and L Hangman Ck Hydrogeologic Study
Addendum to Hangman Ck Hydrogeologic Study
Spokane County Conservation District

NORTHWEST
Land & Water, inc.




D:\Projects\....\Borehole MW-9 Pumpng Test.xls v 6/15/2012

Drawdown (feet, below static water level)

Pump Off / On

FA_\

2+ ¢ o .
.
. ...0000“0“0“00
'S * ¢ O
Q=21 gpm

3,,
4 : - |
1 10 100

Time (minutes, after pumping started)

Static Water Level: 11.87 feet below measuring point
Measuring Point: 2.42 feet above ground

Pumping Period : 15:01 to 16:32 June 13, 2012
Pumping Rates (Q): 2.1 gallons per minute

Figure 5-7
MW-9 Drawdown
Test Depth Interval 77 - 130 feet

West Plains and L Hangman Ck Hydrogeologic Study
Addendum to Hangman Ck Hydrogeologic Study
Spokane County Conservation District

NORTHWEST
Land & Water, inc.




D:\Projects\....\Monitoring Well MW-10 during MW-9 Pumpng Test.xls v 6/15/2012

Drawdown (feet, below static water level)

-0.10

-0.05

0.00

MW-9 Pump Off / On

Recharge from recent rain event?

00 00

F ° ° o ¢ ¢ % 0 00 L0, 00000% %%
. MW-9 Pump Off
Nearby Domestic Well(s) Pumping?

0.05 +
0.10 1 1 1

1 10 100 1,000

Time (minutes, after pumping started)
Figure 5-8
Static Water Level: 11.89 feet below measuring point MW-10 Drawdown during
Measuring Point: 1.75 feet above ground MW-9 Test

Pumping Period : 15:01 to 16:32 at MW-9 June 13, 2012

Pumping Rates (Q): 2.1 gallons per minute at MW-9

West Plains and L Hangman Ck Hydrogeologic Study
Addendum to Hangman Ck Hydrogeologic Study
Spokane County Conservation District

ter, INC.
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Explanation
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Major Roads
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Figure 4-1.
Wells and Cross-Section Alignments
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Upper reaches of Hangman Creek
95 comprised of local, low-elevation ppt ] >
7~ @ 46
7~
7~
-100 - 7~
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Decreasing elevation
-105 - precipitation
Groundwater recharged from
E moderate elevation precipitation or
5 mixture of distant high and nearer
o -110 - moderate to low elevation ppt
S Middle and lower reaches of Hangman
§ Creek comprised of mixture of local, low-
9 -115 + elevation ppt and groundwater recharged
S . .
2 GW recharged from distant, from high elevation ppt
high-elevation ppt
-120 Shallow groundwater similar to
surface water: 1) gw a mix of local
ppt and groundwater recharged
from more distant higher elevation
-125 ppt and 2) Surface water is gw
Incréasing elevation discharge
precipitation
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Addendum Appendix E.

Wells Included on Hydrogeologic Cross Sections, West Plains and Lower
Hangman Creek Hydrogeologic Study

X, in feet | Y, in feet
= state state
2 Wwell WDOE Well plane plane LSE, in
&% | Log ID [ Well Tag | Depth | NAD 27 | NAD 27 | feet msl Location Source
1 99908|BCL 667 365| 2739830 829991| 2332.79|Jim Mathieu
1 99910|BCL 671 300] 2769006] 829243| 1857.05|Jim Mathieu
1 | 152608 460| 2729522| 832064| 2517.00]WDOE qq section
1 [ 155121 655| 2726664 830793| 2477.00{WDOE qq section
1 | 157498 62| 2768836 829814| 1860.00|Jim Mathieu
1 [ 157951 465| 2759093| 829583| 2349.00|WDOE qq section
1 | 159725|AHC092 964| 2674373| 831078| 2422.00|SC Geologic DB
1 | 160437 560| 2683425| 839382| 2395.00|SC Geologic DB
1 | 164483 675 2714180| 831293| 2409.75|SC Geologic DB
1 | 172372 260| 2723397| 831542| 2442.97|SC Geologic DB
1 | 253440|]ACY003 500 2701856] 835024| 2404.57|SC Geologic DB
1 | 257173|AFL386 430 2741755 830109 2264.00{WDOE qq section
1 | 257174|AFL407 130[ 2734303 832149 2368.00[SC Geologic DB
1 | 293144 650| 2747736 829717| 2156.00{WDOE qq section
1 | 373879]AHJ715 280| 2744609| 829805| 2071.00|SC Geologic DB
1 | 385125|AHJ447 360] 2761785 825983| 2283.00|SC Geologic DB
1 | 396865|AKO506 625 2699155| 835810| 2622.00|Mike H, from PID
1 | 506576 800| 2706045| 830854| 2362.00|Mike H, from PID
2 99910|BCL 671 300] 2769006] 829243| 1857.05|Jim Mathieu
2 | 150694 381| 2734448 851574 2336.00{WDOE qq section
2 | 151301 700| 2761439 833752| 2261.00|WDOE qq section
2 | 151985 195 2692313 837346 2406.00{SC Geologic DB
2 | 153573 420| 2764168| 831202| 1975.00)WDOE qq section
2 | 155350 400| 2762801] 832499| 2162.00]WDOE qq section
2 | 157498 62| 2768836 829814| 1860.00|Jim Mathieu
2 | 163433 240| 2685553| 851308| 2319.37|SC Geologic DB
2 | 167534 480| 2698606] 854202| 2441.00)WDOE qq section
2 | 168926 445] 2691279] 852970| 2432.90|SC Geologic DB
2 | 172795 397| 2714569 853436 2421.00{WDOE qq section
2 | 175583|ABW407 240| 2687222| 851185| 2326.47|SC Geologic DB
2 | 176586|ACW503 124 2694085 837235 2417.96[SC Geologic DB
2 | 252892|AEL745 380| 2749999| 844364| 2297.00]WDOE qq section
2 | 371438|AHE234 439] 2707946] 853201| 2405.00)WDOE qq section
2 | 382028|AHJ419 557| 2753391] 843601 2054.00]WDOE qq section
2 | 511345|AKT973 540] 2752526 843337 2159.00(Mike PID
2 | 545133|AHC446 500] 2755377 838965| 2104.00|SC Geologic DB
2 | 547602|AKA185 830| 2721415| 853700| 2370.66|SC Geologic DB

NORT
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Addendum Appendix E.

Wells Included on Hydrogeologic Cross Sections, West Plains and Lower
Hangman Creek Hydrogeologic Study

X, in feet | Y, in feet
= state state
2 Wwell WDOE Well plane plane LSE, in
&% | Log ID [ Well Tag | Depth | NAD 27 | NAD 27 | feet msl Location Source
2 | 547602|AKA185 830| 2721415 853700| 2370.66|SC Geologic DB
3 99909|BCL 668 380| 2724874 862370| 2359.04|Jim Mathieu
3 | 164483 675| 2714180| 831293| 2409.75|SC Geologic DB
3 | 164484 300] 2715362| 825865| 2418.00|WDOE qq section
3 | 164653 0| 2719027 876705 2262.97|SC Geologic DB
3 | 165247 400| 2714776 823852| 2398.00|WDOE qq section
3 | 167998 130[ 2714884 886648 2336.07|Mike H, email
3 | 178251 1236| 2720941| 798332| 2425.00|googlearth
3 | 178258 550| 2722812] 803596| 2425.00|WDOE qq section
3 | 294615 565| 2720979 800200| 2428.00]WDOE qq section
3 | 308233|AGC214 550 2718635 867834| 2300.32|SC Geologic DB
3 | 344207|AGG478 440 2719741] 850261| 2367.73|SC Geologic DB
3 | 417068|AHC095 1404| 2713955| 837505 2400.00|SC Geologic DB
3 | 435795|AKL320 811| 2719584| 872487| 2262.16|SC Geologic DB
3 | 470237 292| 2716979 888628| 1949.00|Mike H, email
3 | 547602|AKA185 830| 2721415 853700| 2370.66|SC Geologic DB
3 | 617922 450| 2719615] 842258| 2421.00|Mike H, email
4 99908|BCL 667 365| 2739830 829991| 2332.79|Jim Mathieu
4 | 150694 381| 2734448 851574 2336.00{WDOE qq section
4 | 151674 400] 2734389] 856104| 2283.00|SC Geologic DB
4 | 152058 450| 2739795 831773| 2333.00|SC Geologic DB
4 | 155347 325| 2738910 833939| 2343.00|WDOE qq section
4 | 155447 400 2739505 822040 2175.00{WDOE qq section
4 | 159478 400| 2734788| 836500 2379.00|WDOE qq section
4 | 169122 527| 2733893| 873930| 2221.00|SC Geologic DB
4 | 174865|AAN575 600| 2733902 868729| 2165.00|WDOE qg section
4 | 176755|AEB900 340| 2734035 864794 2225.00{WDOE qq section
4 | 344216|AAJ804 782| 2737051] 877813| 2112.00|SC Geologic DB
4 | 362144|ACH629 320| 2743797 807950| 2382.00|Mike H, from PID
4 | 369725(AHJ092 300] 2734916| 860912| 2254.00|SC Geologic DB
4 | 472535 185 2732623 858727 2280.00[Mike H, email
4 | 472800[|APC646 460| 2739398| 828687| 2330.00|SC Geologic DB
4 | 512124|{AEL723 500| 2737491] 875506| 2160.00|SC Geologic DB
4 | 545189|AK0963 380] 2733812 870002| 2112.00|SC Geologic DB
4 | 555374|ABZ019 500 2733765 871251 2150.00{SC Geologic DB
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Addendum Appendix F. Drillers’ Log for Well DW-G

ol 8ed First Lopy wilh tarl Card No __ 0576
;:D:r)lﬁ?enl ot E::oar g WATER WELL REPORT Stant Gard N S7621_

Second Copy — Cwner's Copy

Thud Copy—Drnilar a Copy STATE DF WASHINGTON
- Water Right Parmit Ne -
(1) OWNER: name ____ “eter Grunte  Address 9
T 1) LOCATION OF WELL: County. Spokane SW . SW g 16 2k, o L3 .

(23) STREET ADDDRESS OF WELL (or nesrest adaress)_ J112 Hangmen VAlley Rd. Spokane, WA.

(3) PROPOSED USE: 3 Domestic |4, aigl
- Irrigation

] Municipal (] (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION

(9) WELL TESTS: om.aS mﬁm water lavel In lowered beiow static level w@l 12, mmm_lm 103

Was a pump test made? Ye It you, by whom? WELL CONSTRUCTOR CEHTIFlCATlON’
Yield: _ gal./min. with g alter hea.

- - | ted and/or ibility for ¢ ion of this well,
,__"_AiLtast_apnm;._jw;_ 0 and its compliance with all Wnlhlnglon well construction standards.

B Materiale used and the information reported above are true to my best

Recovery data (time taken a3 2er0 when pump lumed off) (water level measwred knowledge and belief.
trom wall top to water lavel}
Ti w (X Time Ti
me ater Lavel Water Lovel ime Water Level NAME J & J DRILLI“G INC- B N
_ S . (PERSOM, FIRM, OR CORPORATION) ITYPE OR PRINT)

- — Address _ S 5613 Linke RD. Greenacres, WA. 99016

Date of 1ast ﬂ
. . CSiUnOG)&M—# License No._1Ul7
Baiter toat . __ gal./ min, with H. dr aher L

(WELL DRWLLER)
. Contractor's
Airtant

hra
_ gal. /min. with stem aet al . tor hra. R
Aesien flow oom Oate N PRTT_177K0  oae 10716 / 1891

Temperature of water Was a chemical anaiysis made? Yes D No D

-

—

(o}

=8

[+]

o

o

2 ] DeWaler Test Well [] Other [ Formation: Describe by colof. ¢h . size of and structure, and show
[7,] 1] and tha kind and nature of the material in sach atratum penetrated,
— (4) TYPE OF WORK: Owner's number of weil with at least one @ntry for aach change ol information.

= (it more than one) _— T

= lurtm.u FROM TO

c Abendoned L New well :q Method: Dug m] Bored [ - S ER e — — "—[ -
° Deepened 1 Cable [J Driven = | Send - o 23
hu Reconditioned L) Rotary B8 Jetted J [ Clay-grey - 23 | oc

O (5) DIMENSIONS: pigmeterotwell_ 6 incnes. | Cl8Y=brn. w/sand 25 30

© Driles__ 02 ___reet. Depih of completed weil__ O2 . #]—‘QI grey - i Eg L8

E (6) CONSTRUCTION DETAILS: __clﬂn“! hrn_u_.{sand T T | ) 6?_23_
O Casinginstatied: _ O piam.trom___*+1 nto 51 f ~ T

L x R — Il -
= 3::::‘“".“.6' * Diam. trom —Hh.to L

a _Thrud-d i * Diam. from ft.to H {

= o - = - T

] erforations: veal No — e 4 -

| Type ol parforator uaed

-....o_ SIZE of perforations in, by .

-g - perforations from ___. fi. to .

o perforations from fi. 1o n.

E per from —_f.1o .

1] Screens: YealX  NoLJ r- -

a Manutaciurer's Name_—__HOoust.on

Q Type —Staénleea—gteelﬁ— - -

o= ;

-t Diam, Siot size. trom #f to_.

?_\ = Diam 5 Stotsize__12 trom_ 57 H.1o n _ ” T _ -
E Gravel packed: ves |  NoX] Shze ol gravet

t Gravel placed from f.lo ft. - —
s — - — 1

g Surtaceseat: ves[H  No[] Towhm d"“m—18+—-—“'

— Materiaivssd inaeai._ Bantonite ) i

O Did any sirais contain unusable water? yes [:l Nolﬁ — ” i

z Typs of waler? Depthofetrata_______ - T T
n Method of ing etrats off

g (7) PUMP: penuraciurers Name - h T

K=} Type. H.P. N . ]

2 (8) WATER LEVELS: gantsursce siceiicn n

o Statictaval 18 . beiowtopotwanl Dare 10710791 ~ S
[=] Artesianpreasure . bs.peraquareinch Date ) |

L‘Ij Artesian water s lled by — TR !

Y

(o]

)

c

a

£

®

j= 8

]

(]

Q

K —

-

i

(USE ADDITIONAL SHEETS IF NECESSARY)
ECYO080-1:20 (10/87) -132%- <

West Plains & Lower Hangman Creek Hydrogeologic Study NORTHWEST
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