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Executive Summary

This report summarizes the results of Phase 1, 2, and
3 hydrogeologic characterization studies for the
Hangman Creek watershed.

approximately four times per year. This work is part
of the Spokane County Conservation District’s program to monitor long-term water resource trends to
facilitate sustainable groundwater development in the
Hangman Creek watershed.

Â Section 9 presents recommendations for planning
future development, monitoring, and studies.

1.2 Key Findings

1.1 Scope of Investigation

1.2.1 Geology & Hydrogeology

The hydrogeology of the Washington state part of the
Hangman Creek watershed (WRIA 56) was characterized by reviewing records for existing wells, constructing five cross-sections, and installing six new
monitoring wells (MW-1, MW-2, MW-3, MW-4,
MW-5, and MW-6). In addition, the monitoring
wells, along with an existing supply well (Mur2),
were tested extensively to identify aquifer properties.
Fourteen samples were collected from selected zones
during the aquifer testing. These samples were analyzed for major ions and stable isotopes of oxygen
and deuterium. In addition, one or two samples from
each well was analyzed for carbon-13, a stable isotope, and for radioactive isotopes of carbon-14 and
tritium; the goal of this analysis was to provide information about the age of the groundwater and the
dynamics of recharge and flow in the basin. Surface
water samples were also collected at nine locations
and analyzed for routine chemistry and for stable isotopes of oxygen and deuterium.

• The dominant rock types throughout the watershed
are Columbia River Basalt (CRB) Group units with
local interbeds of Latah Formation (clays, silts, and
sands). Crystalline basement rocks (granite, gneiss,
and schist) and glaciofluvial / lacustrine / flood deposits also occur predominantly in the lower and
middle parts of the watershed. Minor creek alluvial
and colluvial deposits blanket the creek beds and
steep canyon walls.

Several other analyses were conducted as part of this
characterization. The degree of hydraulic continuity
between groundwater and surface water was evaluated using water level, seepage, and geochemical
data. Groundwater withdrawals from potential exempt wells in the watershed (in Washington and
Idaho) were also estimated.
Although not part of this project scope, monitoring
wells MW-1, -2, -4, -5, and -6 have been equipped
with transducers and data loggers to collect water
level data every four hours. Pressure readings in
wells MW-3 and Mur2 will be manually recorded

• Water-bearing zones (aquifers) occur predominantly in basalt, although the Latah Formation contains local permeable sand aquifers. Most waterbearing zones are confined by dense, poorly permeable basalt or by shale, clays, and silts. However, local unconfined water-bearing zones occur
within glaciofluvial and flood deposits, or within
basalt.
• Aquifers are generally limited in their lateral extent. Sand aquifers typically extend not much more
than 1 mile laterally; however, some basalt aquifers extend for 10 miles or more.
• Within basalt flow units, aquifers generally occur
in fractured or vesicular zones near the top or bottom of the flow. These aquifers range from 5 to 50
feet in thickness, averaging 25 feet.
• Locally, a single aquifer may comprise a combination of flow top and/or bottom, with or without a
sand interbed.
• An east-west-trending “granite” ridge occurs in the
middle part of the watershed. This basement rock
truncates subsurface geologic units, forcing local
upward groundwater flow.
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1.2.2 Aquifer Properties
Values of transmissivity and hydraulic conductivity
range over six orders of magnitude in aquifers tested;
they are highest in the MW-5 / Spangle area, along
the Highway 195 corridor, and locally within the
deep aquifer near MW-1. Likewise, hydraulic gradients from the shallowest to deepest aquifers differ
throughout the watershed; they are downward at sites
MW-1, MW-2, MW-5, and MW-6 and upward at
sites MW-3/4 and Mur2. At MW-3 and MW-4, the
hydraulic gradient is slightly upward between the
upper two aquifers but significantly upward from the
deepest aquifer to the upper two aquifers.
Storage capacity in the aquifers is relatively small as
these aquifers are limited to relatively thin fracture
zones or sand layers.
Groundwater temperature in the deep1 aquifers of
MW-2 / MW-5 / Mur2 vicinity is about 5°C higher
than the shallow aquifers.

1.2.3 Geochemistry
Stable isotope data indicate that the shallow aquifers
are recharged by local, low-elevation precipitation
and the deep aquifers are primarily recharged by distant, high-elevation precipitation. Based on carbon-14
(14C) results, the apparent groundwater age ranges
from about 1,240 to 16,880 years before present.
Significant tritium, detected in two shallow aquifer
wells, indicates that much of the recharge to these
aquifers occurred within the last 60 years. Insignificant tritium (less than the method error), detected in
one shallow and three deep aquifer wells, indicates
that all the recharge to these aquifers occurred more
1 The terms “shallow”, “intermediate” and “deep” describe the relative position of aquifers encountered during
well drilling. These aquifers may be unconfined or confined and occur within basalt, sand (Latah), or glaciofluvial deposits. These terms do not imply specific depth or
elevation.

than 75 years ago. Trace tritium (slightly larger than
the method error) detected in one deep well with an
old apparent 14C age, indicates that mixing of old and
young groundwater has occurred. Apparent 14C ages
indicate that recharge to the deep aquifers occurred
over 5 to 16 thousand years ago and that the shallow
aquifers receive some groundwater that was recharged at least a few thousand years ago.
Routine and stable isotope geochemistry indicates
that age corrections are not warranted and the apparent 14C age is representative of actual age.

1.2.4 Exempt Well Water Use
Under full build-out conditions, up to 10,122 new
exempt wells could be pumping in the Hangman
Creek basin. Water use was assumed to range from a
minimum of 250 gallons per day (gpd) per well (typical for a single-family residence) to 5,000 gpd, the
maximum rate allowed for an exempt well. Potential
future exempt water use is a significant percentage of
historic summer creek flow.

1.2.5 Regional Flow
• In general, groundwater moves both along the axis
of the watershed, towards the Spokane River, and
locally towards the mainstem of Hangman Creek,
Rock Creek, California Creek, and Marshall
Creeks.
• The large variation in horizontal gradient throughout the watershed is due to the large spatial variation in aquifer properties.
• Existing supply wells commonly produce water
from multiple aquifers. These wells likely act as
conduits for groundwater movement between aquifers, a condition that is particularly prevalent in the
MW-5 / Spangle / Highway 195 corridor and, to a
less degree, in the Freeman area.
• Seepage data indicate that gaining reaches occur
along most of Hangman Creek and its tributaries.
However, part of the lower reach of Hangman
Creek loses water during very low flow conditions.
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• A significant degree of hydraulic continuity occurs
between groundwater and surface water. Seepage,
water level, and geochemical data indicate that
groundwater discharges to surface water and contributes to the baseflow of Hangman Creek and its
tributaries. Remaining baseflow is from local precipitation runoff via the alluvial/colluvial deposits.
• Calculated recharge rate ranges from 1.0 to 1.9
inches per year (in/yr) for the shallow aquifer and
0.5 to 1.0 in/yr for the deep aquifer.

1.2.6 Recommendations
Specific planning and/or technical recommendations
are presented and organized by geographic area
where groundwater development is anticipated (see
Section 9). This hydrogeologic characterization indicates that the groundwater resource in the basin is
limited. Based on the limited groundwater resource in
the basin and the goal of sustainable groundwater
resources, general recommendations for the entire
basin are:
• Groundwater development should proceed cautiously and incrementally,
• Monitoring should precede and justify further development,
• Groundwater development should be focused on
deep groundwater, if less impact on local surface
water flows is desired,
• Groundwater age data should be used to understand the residence time of the groundwater being
developed and the relative risk of “mining” it.
• Wells should be properly sealed to minimize the
effects from “multi-aquifer” wells.

2

Introduction

Population growth is anticipated in the Hangman
Creek watershed. In particular, growth and development are expected in the Spangle vicinity, along the
Highway 195 corridor, and along the Highway 27
corridor from Spokane Valley southward through

Freeman to the towns of Fairfield and Rockford. The
Valleyford area may also experience growth and demand for water. Planners, concerned that future
groundwater development may impact groundwater
supplies for current users and groundwater discharge
to creeks, want to answer the fundamental question,
“What is the potential for significant sustainable
groundwater development?”
To answer this question it is necessary to understand
the groundwater system (recharge, storage, residence
time, and discharge) and the properties of local/regional aquifers. Furthermore, this question must
be paired with the question about what is the potential water demand in the future. In general, sustainable groundwater development is best accomplished
in areas where the groundwater development appropriately matches the constraints of an aquifer, i.e.
recharge rates and other properties (extent, thickness,
hydraulic conductivity, and storage).
In 2010, the Spokane County Conservation District
(SCCD) initiated a hydrogeologic study in the
Hangman Creek watershed. This work entailed drilling and testing of six monitoring wells and developing a hydrogeologic conceptual model using geologic, hydraulic, and geochemical data collected during drilling and testing. The conceptual model also
incorporated existing data from Washington Department of Ecology’s (Ecology’s) well log database and
seepage and surface water data from SCCD. The
monitoring wells will provide data to evaluate longterm groundwater trends at key locations in the
Hangman Creek watershed hydrogeologic system.

2.1 Previous Studies
The majority of the previous studies were completed
for the Hangman (Latah) Creek Groundwater Management Plan (2005). Hydrology of the Hangman
Creek Watershed (Buchanan and Brown, 2003) and a
surface geology map for the Spokane Southwest
quadrangle (Hamilton et al, 2004) were published as
appendices to the 2005 Plan. The 2003 report provides a general characterization of water resources
and hydrogeology in the Hangman watershed. SCCD
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(2009, 2010) conducted seepage studies on Hangman
Creek.

• Constructing three cross sections

2.2 Purpose

• Estimating water use by exempt wells

This study was initiated to characterize the hydrogeologic system, particularly at key locations within
the watershed. The goal was to provide information
to planners and community members about the aquifers and recharge characteristics to make informed
decisions about future groundwater development. As
part of meeting this goal, monitoring wells were installed to measure long-term groundwater levels. This
information will allow the local community to better
understand its groundwater resources with an emphasis on protecting this resource for water supply, and
for local creek flows.

2.3 Study Area
The Hangman Creek watershed includes parts of both
Washington and Idaho, as shown in Figure 2-1. The
part of the watershed that lies within Washington,
known as WRIA 56, occurs primarily in Spokane
County (south of the City of Spokane), with some
parts in Whitman County. Hangman Creek flows into
the Spokane River, a tributary of the Columbia River.
As such, the Hangman Creek watershed is part of the
regional Columbia River system. The watershed’s 11
sub-basins and their associated creeks are shown on
Figure 2-2.

2.4 Scope & History of Work
The scope of work for this project was modified several times. It was initially outlined in 2009–2010
Consultant Cost Estimate, Hangman Creek Project
(up to three wells). This document differs from the
larger-scoped original proposal because of a decrease
in funding related to the Washington State legislature’s late 2009 / early 2010 decision regarding watershed planning. Tasks included:

• Drilling, installing, and testing two monitoring
wells and testing one existing well
• Analyzing routine geochemistry for three samples
• Compiling, analyzing, and reporting data
In April 2010, the legislature reinstated funding for
watershed planning, and the budget and scope were
modified to include some original proposal tasks. The
new scope was divided into three phases.
Phase 1 — the original scope of work — was modified as described in Current MODIFIED Budget Status for Hangmen Creek Project. The modified scope
called for five final cross sections (instead of three)
and covered lab costs for tritium and carbon-14
analyses.
Work for Phase 2 was described in Consultant Cost
Estimate, Phase 2, Hangman Creek Project. Phase 2
tasks included:
• Expanding the conceptual hydrogeologic model
• Adding more well data to the cross-sections
• Analyzing SCCD’s seepage data
• Confirming the well locations used to construct the
cross sections
• Drilling, installing, and testing two monitoring
wells
• Sampling and analyzing for routine and stable isotope geochemistry
• Analyzing data and preparing a report
Work for Phase 3 is described in Consultant Cost
Estimate, Phase 3, Hangman Creek Project. Tasks
included:
• Sampling surface water under low-flow conditions
• Incorporating seepage and surface water data in
conceptual hydrogeologic model

• Developing a conceptual hydrogeologic model
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• Drilling one monitoring well; installing, and testing two monitoring wells

struction details are shown for MW-1 through MW-6
on Figures 3-1 through 3-6, respectively.

• Sampling and analyzing for routine and stable isotope geochemistry

Table 3-1: Wells Used in This Study

• Sampling and analyzing tritium and carbon-14 in
four samples
• Analyzing data and reporting
The budget for Phases 1 and 2 expired on June 30,
2010; the budget for Phase 3 expires June 30, 2011.
This draft final report addresses work conducted for
Phases 1, 2, and 3.

2.5 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

Six monitoring wells were drilled and installed in
spring through fall 2010. Their locations are shown
on Figure 2-2. The wells were drilled in five key areas. Geologic logging, hydraulic testing, and geochemical sampling were conducted at each site and at
an existing private well. The wells were configured to
allow long-term water level monitoring.
MW-1 and MW-2 were drilled as part of Phase 1.
Mur2 was tested and sampled in lieu of drilling a new
well. Wells MW-3 and MW-4 were drilled and installed as part of Phase 2. Because of budget constraints, Well MW-5 was drilled under Phase 2 but
installed under Phase 3. Well MW-6 was drilled, installed, and tested as part of Phase 3. Drilling was
completed in accordance with a quality assurance
plan (NLW, 2010a and b). Geologic logs and con-

Well

Type

Location

Depth (ft)

MW-1
MW-2
MW-3
MW-4
MW-5
MW-6
Mur2

New

Rock Creek
Middle Hangman Creek
Upper Hangman near Latah
Upper Hangman near Latah
Highway 195 near Spangle
Valleyford
Lower/Mid Hangman Creek

140
276.5
195
76
357
226
200

Existing

The Phase 1 well locations were selected to investigate conditions within a focus area in the middle of
the watershed, where future population growth and
land / groundwater development is anticipated. The
wells lie in the general vicinity of the Highway 195
and 27 corridors near the towns of Spangle, Fairfield,
Rockford, and Freeman. Once the project expanded
to include Phases 2 and 3, the study area also expanded. Well locations for these subsequent phases
were selected to provide geographic representation
within the watershed and to facilitate monitoring in
areas where impacts from future development are
anticipated.
Except for MW-4, all the wells were drilled into a
deep aquifer that supplies other wells in this vicinity.
MW-4 was completed in the shallow aquifer that was
encountered while drilling MW-3; consequently,
MW-3 and MW-4 represent a shallow/deep pair of
monitoring wells at the same site.
Although MW-5 is completed at a depth of 355 feet,
it was advanced to 501 feet to investigate a third
(very deep) water-bearing zone. MW-5 was completed at the second water-bearing zone — a regional
aquifer — because it warrants long-term monitoring.
The borehole was completed in June and the well was
installed in August.
For each well except MW-4, drilling was temporarily
suspended at the shallow aquifer to facilitate testing
and sampling. The monitoring well was installed in
the deeper aquifer, which was also tested and sam-
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pled. Three different aquifers were tested and sampled at MW-5.
The wells were drilled by H2O 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-, 8-, and/or 10-inch
“open-hole” drilling, using a stabilizer above the bit
to cut a straight hole. Local intervals were “casedoff” with either 5-, 6-, 8-, and/or 10-inch steel casing.
Â Details of aquifer testing are discussed in Section 5.

3.1 MW-1
MW-1 is located in the Rock Creek sub-basin near
the confluence of Rock Creek and a small tributary.
Because the land-surface elevation at this site was
relatively low, the deeper aquifer could be penetrated
with minimal drilled footage.
MW-1 was drilled to total depth of 155 feet; 6-inch
casing was driven to a depth of 10 feet. The remainder was drilled “open-hole.”
The first water-bearing zone, encountered at 20 feet,
occurs in the uppermost, fractured part of a basalt
unit. At 55 feet, drilling was suspended and the interval from 20 to 45 feet was tested. The well was completed at 140 feet and screened from 130 to 138 feet
in the lowermost sand layer of a sedimentary interbed
and the uppermost, fractured part of the underlying
basalt unit. The aquifer spans the interval from 125 to
140 feet.
During drilling, the “clean” sand encountered from
130 to 137.5 feet “heaved” into the borehole. This
required placing 5-inch steel casing to set the screen
at the desired depth of 130 to 138 feet.

3.2 MW-2
MW-2 is located in the uppermost part of the Middle
Hangman Creek sub-basin near Hangman Creek

(Figure 2-2). As with MW-1, the relatively low landsurface elevation allowed the well to penetrate the
deep aquifer with minimal drilled footage.
MW-2 was drilled to a total depth of 285 feet and 8inch casing was driven to 18 feet. From 18 to 138
feet, 8-inch open-hole drilling continued. Six-inch
casing was lowered to 138 feet and the remainder of
the borehole (to a depth of 285 feet) was drilled as a
6-inch open hole.
The first water-bearing zone was encountered at 123
feet in clayey sand and the uppermost, fractured part
of the underlying basalt unit. At 138 feet, drilling was
suspended to test the interval from 123 to 138 feet.
The monitoring well was completed at 277.5 feet and
screened from 267.5 to 276.5 feet in vesicular and
fractured basalt. The aquifer spans the interval from
265 and 285 feet.
During drilling, the vesicular and fractured basalt
encountered from 265 to 285 feet “caved-in” to a
depth of 277.5 feet. This indicates that the lowermost
10 feet of the aquifer is “loose.”

3.3 MW-3 & MW-4
Located near the town of Latah in the Upper Hangman Creek sub-basin, MW-3 and MW-4 are 15 feet
apart.
MW-3 was drilled to a total depth of 195 feet. A 10inch borehole was initially drilled to 12 feet and an 8inch casing was lowered in this hole. Eight-inch
open-hole drilling continued from 12 feet to the total
depth. Water was first encountered at 12 feet in fractured basalt. At 67 feet, drilling was suspended and
the interval from 12 to 40 feet was tested. Drilling
resumed and two more water-bearing zones were encountered (70–82 feet, 102–120 feet). The well was
completed at 195 feet and screened from 185 to 195
feet in vesicular basalt. The aquifer spans the interval
from 170 to 195 feet. MW-3 is completed in a flowing artesian aquifer; the well monument is constructed below grade to maximize wellhead tempera-
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ture and thus minimize the potential for damage to
the wellhead due to freezing water.

basalt. At 501 feet, drilling stopped, and the interval
from 483 to 493 feet was tested.

MW-4 was drilled to a depth of 76 feet. Six-inch casing was advanced to 13 feet and the remainder was
drilled as open hole. A minor seep was encountered
from 13 to 20 feet in fractured basalt. The well screen
extends from 66 to 76 feet in vesicular basalt. To
avoid penetrating the underlying confining layer,
drilling was stopped at 76 feet. Notably, the uppermost water-bearing zone observed in MW-3 was not
encountered in MW-4, demonstrating the extreme
spatial variability of fracture permeability in a basalt
unit over small distances — just 15 feet in this case.

The borehole was filled with layers of clean pea
gravel and bentonite pellets to 357 feet (the completion depth), and screened from 330 to 355 feet in
highly vesicular basalt. The aquifer spans the interval
from 305 and 355 feet.

3.4 MW-5
MW-5 lies north of the town of Spangle in the Spangle Creek sub-basin. It is located on Spokane County
property, outside the northwest corner of the fenced
county maintenance facility.
The borehole was drilled to a depth of 501 feet. Teninch casing was driven to 135 feet; 8-inch casing was
then lowered through hole and seated in bentonite to
a depth of 135 feet. From 135 to 255 feet, open-hole
drilling continued but no cuttings or air returned to
the surface, indicating a loss of circulation, which
prevented further progress. The borehole was filled
with cement from 255 up to 184 feet to stabilize and
plug the formation. After the cement set, 8-inch drilling continued through the plug to a depth of 405 feet.
A string of 6-inch casing with a drive shoe was driven into a layer of introduced bentonite and hard basalt at 405 feet. The remainder of the hole was then
advanced as a 6-inch open hole.
Three water-bearing zones were encountered during
drilling. The first zone was encountered at 52 feet in
fractured, vesicular basalt with zones of abundant
iron oxides / clay. At 85 feet, drilling was suspended
to test the interval from 52 to 78 feet. The second was
encountered from 305 to 355 feet in highly vesicular
basalt. Below 355 feet, “hard” basalt extended to 405
feet. The third was encountered at 483 feet in “soft”

Several notable conditions were observed during
drilling. First, the loss of circulation from 225 to 255
feet represents part of a large unsaturated zone between the shallow aquifer and the intermediate aquifer. Also, extra compressed air was required while
drilling from 305 to 355 feet to lift large gravel and
cobbles out of the borehole. This demonstrates the
loose, porous nature of this aquifer and the challenging drilling conditions at this depth and vicinity. Finally, the amount of upward airflow from the annular
space formed by 8- and 6-inch temporary casings
placed in the borehole was substantial. The airflow
was audible and noticeable as a breeze; it persisted
from June to August, indicating that air pressure
within the large unsaturated zone (depth from approximately 205 to 305 feet was consistently higher
than atmospheric pressure at the wellhead.

3.5 MW-6
MW-6 is located in the California Creek sub-basin
within the Valleyford area. The well site sits on a
former Spokane County sand and gravel pit property
between the higher elevation Krell Hill and Mica
Peak to the north and east, and California Creek to
the south.
The borehole was drilled to a depth of 387 feet.
Eight-inch casing (with a drive shoe) was driven
(“drill and drive”) to 78 feet; 8-inch open-hole drilling continued to a depth of 238 feet. Six-inch casing
was seated in a friable shale layer at 238 feet. Sixinch open-borehole drilling continued in competent
basalt to the total depth of 387 feet.
The first water-bearing zone, encountered at 49 feet,
occurs in a sand (locally with gravel) unit. At 78 feet
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drilling was suspended and the interval from 49 to 73
feet was tested. Beneath this interval, five additional
water-bearing zones were encountered. Except between the second and third zones, each zone is separated by a relatively thin aquitard (2 to 12 feet thick)
comprised of clay, wood, siltstone, shale, and/or basalt. Slow drilling rates allowed these thin aquitards
to be identified. However, under typical drilling rates
these units may not have been discernable.

4

Drilling was advanced below the lowermost waterbearing zone at 270 feet in an effort to identify the
contact between basalt and the underlying “granite”
bedrock. However, the hammer bit became “flooded”
and would not actuate below 387 feet because of the
high inflow of formation water. Therefore, drilling
stopped and the contact between basalt and granite
was not encountered.

4.1.1 Data Sources

The well was completed at 226 feet and screened
from 214 to 224 feet in the “clean” sand layer of a
sedimentary interbed which is considered a significant sub-regional aquifer. This aquifer spans the
depth interval from 208 to 231 feet.

Hydrogeology

This section summarizes the geology and hydrostratigraphy of WRIA 56.

4.1 Methodology

TOPO! (2006) was used to extract the digital landsurface elevations needed to construct cross-sections
and estimate wellhead elevations. In addition to the
logs for the new monitoring wells, data sources included 76 wells in Ecology’s database (Ecology,
2003). These wells, which are listed in Appendix B,
represent a subset of the 5,616 wells in the Washington state portion of WRIA 56. Appendix B provides
well identification numbers. To view a specific driller’s log, enter this number in the form on Ecology’s
website (http://apps.ecy.wa.gov/welllog/).

4.1.2 Well Locations

3.6 Water Level Monitoring Data
SCCD installed dataloggers and collected continuous
water level data in each of the new monitoring wells,
except MW-3 which is a flowing well and is completed with a manual-read pressure gage. Hydrographs for this data, prepared by SCCD and included
in Appendix A, indicate that water levels in MW-1,
MW-2, and MW-5 are relatively stable, and water
level in MW-4 is more variable, showing short-term
rise and decline. Water level in MW-6 has risen
steadily since it was installed. A complete year of
data will provide better information to interpret the
trends observed in each of the wells.

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. Accurate
well locations are required to calculate land surface
elevations from the digital elevation data. To improve
the accuracy of the well locations specified in the
Ecology database, parcel information was used where
possible — that is, in a small percentage of cases
where the well record contained a tax parcel identification number (PID). If a well could be associated
with a parcel, then the location was modified using
GIS. For wells without a PID, 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 the parcel.
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For wells without parcel information, the address on
the well log was used with Google address mapping
and/or GIS. Coordinates were obtained using GIS.

4.1.3 Drillers’ Logs
The driller’s log for each well was printed and compiled into a notebook. Well logs were analyzed and
simplified to reflect the rock/sediment type and the
texture, color, water-bearing properties, and other
characteristics of materials observed during drilling.
The accuracy of the described textures reflects the
experience, detail, and diligence of the person logging the well. Some logs are detailed; others include
minimal information, lumping multiple textures into
a single description.
The wells selected for the cross-sections were relatively deep and had relatively detailed logs and, if
possible, accurate locations. Logged materials were
assigned to one or more texture classes:
•
•
•
•
•
•
•

Clay
Silt
Sand
Shale
Basalt (hard, medium, or soft)
Basalt (fractured, broken, or vesicular)
Granite

The pertinent class was entered into an Access database, along with the screened or perforated interval
and water level. The database ultimately incorporated
lithologic data for 182 wells and water level data for
226 wells. It was linked to the software application
Viewlog to generate cross-sections and display the
geology, water level, and screen interval for individual wells.

4.1.4 Hydrogeologic Cross-Sections
Figure 4-1 shows the well locations and crosssection alignments. The color of the well symbol reflects the locating method as described in section
4.1.2. This same color scheme is used on the cross
sections.

Figure 4-2 provides a key to the lithologic textures
shown on cross sections.
Seventeen “working” cross-sections were prepared to
understand the general hydrogeology of the study
area. Of these, five final sections, Figures 4-3 (A-A’)
through 4-7 (E-E’), were prepared to characterize
the subsurface geology and identify aquifers and
aquitards. Note that these sections are based on a selected set of relatively deep, detailed well logs (Appendix B); as such, incorporating information from
new wells or data sources may change the interpretation of the contact positions.
Each well on the cross sections is labeled with the
WDOE the well log identification number. The cross
sections also show a graphical well log with three
columns: geologic log, groundwater level, and screen
interval(s). The screen-interval column is blank for
wells with open boreholes or open bottoms. In general, browns represent basalt and include hatching for
fractures or vesicles, beige is clay, sand and/or gravel
is blue, shale is dark grey, and granite is white with a
“crystalline” hatch pattern.
The land surface elevation of the well is based on the
digital elevation data at its location.
Each well log on a section was reviewed to identify
the water-bearing zones. Based on lithologic and water level information, hydrogeologic contacts corresponding to the tops and bottoms of aquifers were
identified. In addition, a contact was drawn to display
the top and/or bottom of the Latah Formation.

4.2 Geologic Features
4.2.1 Basalt
Columbia River Basalt (CRB) crops out throughout
and underlies most of the Hangman Creek watershed.
The units known to occur in the watershed include
the Wanapum (14.5–15.5 Ma) and Grande Ronde
(15.5–17 Ma) Formations.
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Basalt was the dominant rock type encountered during monitoring well drilling (Figures 3-1 through 35). The color of drill cuttings from these basalt units
varies from dark gray to black (wet samples) with
localized hues of brown, blue, or lavender. Characteristic textures include “hard,” “medium,” or “soft,”
typically describing the relative ease or difficultly in
advancing the drill. Other important textures that are
often visible in drill cuttings include “fractured,” “vesicular,” and “broken.” This textural nomenclature is
recorded in driller’s logs; it was also used in logging
drill cuttings for this project. Textures such as “vesicular” or “fractured” are commonly, but not always,
associated with water-bearing zones. “Soft” textures
may be associated with water. Fractures vary in degree, thickness, and spatially. The lateral extent of a
fractured zone is typically less than 3 miles. Similarly, the occurrence of vesicles varies in degree,
thickness and spatial distribution. The lateral extent
of vesicular zones is typically less than 5 miles.
Robert Derkey, adjunct professor at Eastern Washington University, collected 19 samples from the drill
cuttings at MW-1, MW-2, MW-3, and MW-5. The
samples were submitted to WSU for total rock chemistry. Results indicate that two distinct basalt formations were encountered during drilling — the
Wanapum and Grande Ronde Basalts. These are
shown on the geologic logs for MW-1 through MW6; basalt flow names on MW-6 are based on nearby
stratigraphy as identified by Robert Derkey (pers.
comm., 12/2010) (Figures 3-1 through 3-6). Within
the Wanapum, the Priest Rapids Flow is identified.
At MW-5 three basalt flows were identified within
the Grande Ronde. From top to bottom, they are Spokane Falls, Airway Heights, and California Creek.

4.2.2 Non-glacial Sedimentary Deposits
Alluvial/Colluvial Deposits
Minor creek alluvial and colluvial deposits blanket
the creek beds and steep canyon walls.

Latah Deposits
Sand, silt, clay, and shale occur as interbeds within
the basalt. These interbeds vary in thickness throughout the watershed from 1 to 200 feet, and commonly
attain thicknesses of about 20 feet. Except for the
recent near-surface deposits along creeks and drainages, the sedimentary deposits in the Hangman Creek
watershed are part of the Latah Formation, a deposit
of lacustrine/fluvial clays, silts, and sands. Locally,
the fine-grained deposits are cemented, forming relatively hard shales or, less commonly, siltstones. Thin
shale layers from one-half to 2 feet thick are found
inconsistently throughout the watershed. Sand deposits of the Latah Formation typically occur in direct
contact with clays and less commonly as isolated layers within basalt units.

4.2.3 Glaciofluvial/Lacustrine/Flood Deposits
Sands, locally with gravel, fine-grained lakes sediments, and poorly sorted flood deposits occur in the
lower to middle part of the Hangman Creek watershed. These sediments were deposited during the last
glacial period (10 – 20K bp). Lake varves interbedded with high-energy, poorly-sorted flood deposits,
on the order of hundreds of feet, are exposed in the
canyon walls of lower Hangman Creek. Landslides
along these canyon walls demonstrate the instability
of these deposits. Drillers’ logs indicate thicknesses
are on the order of tens of feet.

4.2.4 Basement Rock
Basement rock occurs at depths greater than several
hundred feet in the upgradient part of the watershed
and at (or near) land surface in the downgradient part.
Granite is the primary basement rock in the subsurface; however, quartzite and schist are also reported
on drillers’ logs. For the purpose of this report, all
basement rocks are referred to as “granite.”
A prominent, east-west-trending, “granite” ridge occurs in the subsurface from the settlements of Mica /
Valley Ford west to Cheney (cross-sections A-A′, CC′, D-D′, and E-E′, Figures 4-3, 4-5, 4-6, and 4-7).
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The ridge features a trough in the Hangman Creek
vicinity. Many additional working cross-sections
were prepared to identify the depth to the surface of
the granite.

4.3 Hydrostratigraphic Features
4.3.1 Occurrence of Aquifers
In general, aquifers in the study area are formed by
the sedimentary sandy layers between basalt flows or
by fractured or vesicular basalt (however, not all fractured or vesicular basalt bears water). Although the
lateral continuity of these aquifers is limited, typically extending over ranges of about less than 1 mile,
in some areas they may extend for 5 miles or more.
The basalt aquifers generally occur in fractured or
vesicular zones near the top or bottom of a flow. The
thickness ranges from 5 to 50 feet, averaging about
25 feet.
Alluvial and colluvial deposits locally contain water
from local precipitation runoff (aka interflow). In
addition, these deposits may receive discharge from
underlying aquifers or may receive water from losing
creeks. In general, these deposits do not provide water to wells and therefore are not discussed as aquifers in this section.

4.3.2 “Multi-Aquifer” Wells
Wells in the project area often produce water from
multiple aquifers because they seldom have screens
or perforated casing. Such wells include open boreholes and open-bottom wells, which may not be
sealed, creating a conduit for water to cascade down
the outside of the casing. These “multi-aquifer wells”
(sometimes referred to by some as comingling wells)
tap water-bearing zones over depths ranging from 50
to as much as 2,000 feet. Low-yield domestic wells
are generally about 50 to several hundred feet deep.
On the other hand, some high-yield municipal wells
are up to 2,000 feet deep. Like domestic wells, they
can act as conduits for groundwater movement between aquifers at different depths when unsealed.

4.3.3 Conceptual Hydrogeology by Area
This section describes the conceptual hydrogeologic
model for the Hangman Creek watershed. It is organized by the five geographic areas where the monitoring wells are located and where data are most reliable
and detailed.
Several hydrogeologic characteristics play an important role in controlling groundwater flow within this
watershed. Perhaps most importantly, most of the
water-bearing units are limited in their areal extent.
In addition, characteristics such as thickness, fractures, and vesicles vary significantly, resulting in a
wide range of hydraulic conductivity values. Other
significant features affecting flow include the “granite” ridge and local artesian conditions.
MW-1: Rock Creek / Freeman Area
Â The hydrostratigraphy of this area is shown on
Figures 3-1, 4-1, 4-5, and 4-7.

Shallow aquifer. The uppermost units in this area
consist of an unsaturated zone of poorly permeable
clay or silt (Latah Formation) overlying basalt. Well
logs in this area (section E-E′, Figure 4-7) indicate
that the basalt is dense or non-water-bearing. However, at MW-1 near Rock Creek, the basalt is fractured and water-bearing, and it includes the uppermost aquifer. This aquifer is underlain by an aquitard
consisting of a thick sequence of dense basalt over
fine-grained Latah sediments.
Deep aquifer. Beneath this aquitard is a deep, subregional aquifer that consists of a sand layer within the
Latah formation (Figure 4-7) and the top of an underlying fractured basalt unit. The deep aquifer in this
vicinity is encountered at about 2,050 feet mean sea
level (msl) and is about 15 feet thick, although the
depth to the top of this aquifer varies significantly
given the steep local topography. Section E-E′ indicates that depth to the basement rock decreases from
MW-1 toward Freeman and Highway 27. The nearby
shallow basement rock likely truncates the subregional aquifer.
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Hydraulic gradients. At MW-1, a downward hydraulic gradient between the shallow and deep aquifers indicates the potential for downward flow. North
and east of MW-1, toward Freeman and Highway 27,
there is likely a downward gradient from ground surface to depth; however, most logs for deep wells
show only one deep, water-bearing zone.
Reports indicate some “multi-aquifer” wells in this
area.
MW-2: Middle Hangman Creek Area
Â The hydrostratigraphy of this area is shown on
Figures 3-2, 4-1, and 4-3.

Shallow aquifer. The uppermost units in this area
consist of an unsaturated zone of poorly permeable
clay or silt overlying thick, dense, low-permeability
basalt unit that bears no water. At the bottom of this
basalt are fine-grained Latah sediments. Thin aquifers
locally underlie these deposits and consist of sand
layers (Latah formation, Figures 3-2 and 4-3) and
the fractured top of a basalt unit. This shallow aquifer, which lies at an elevation of about 2,150 feet msl,
is about 17 feet thick. The stratigraphic sequence
from land surface to the top of this aquifer is similar
to the sequence observed at MW-1.
Deep aquifer. Beneath this shallow aquifer, a thick,
dense, basalt aquitard overlies a fractured, vesicular
basalt aquifer. MW-2 is completed in this deep aquifer. Logs for wells in the vicinity describe a similar
stratigraphy; therefore, the deep aquifer is regionally
significant (Figures 4-1 and 4-3).
Hydraulic gradients. At MW-2, a downward hydraulic gradient between the shallow and deep aquifers indicates the potential for downward flow. North
and south of MW-2, along the main stem of Hangman Creek, are wells logs also suggesting a downward hydraulic gradient in this vicinity.
MW-3 & MW-4: Latah Area
Â The hydrostratigraphy of this area is shown on
Figures 3-3, 3-4, 4-1, and 4-3.

Shallow aquifer. The uppermost units in this area
generally consist of a thin to moderate unsaturated
zone and underlying aquifer in basalt. Well logs in
this area (section A-A′, Figure 4-3) indicate that the
basalt is locally fractured and water-bearing. One
well indicates a substantial upper clay layer above the
basalt aquifer. This aquifer is underlain by an aquitard consisting of dense basalt.
Intermediate aquifer. An intermediate aquifer,
about 15 feet thick, underlies this dense basalt. It has
a relatively broad extent and is identified in the City
of Tekoa well approximately 7 miles to the south. At
the MW-3 site, an additional intermediate vesicular
basalt aquifer, about 30 feet thick, occurs beneath an
aquitard of shale and clay (Latah sediments). Regionally, an aquitard of dense basalt ranging from about
45 to 175 feet thick underlies the intermediate aquifer(s).
Deep aquifer. Beneath this aquitard is a deep, regional aquifer that consists of highly vesicular basalt
(Figure 4-3). The deep aquifer in this vicinity is encountered between 2,200 to 2,300 feet msl and laterally extensive—occurring to the north and south of
MW-3/4. The City of Tekoa’s wells in this vicinity
suggest that very deep water-bearing zones occur at
about 1,500 feet msl and deeper (see well log ID
178365, Figure 4-3).
Hydraulic gradients. At MW-3 there is a strong upward gradient between the shallow and deep aquifers,
indicating the potential for upward flow. There is a
slight upward gradient between the shallow aquifer at
MW-3 and the upper intermediate aquifer at MW-4.
MW-5: Spangle Area
Â The hydrostratigraphy of this area is shown on
Figures 3-5, 4-1, 4-4, and 4-6.

Shallow aquifer. The hydrostratigraphy in this area
is characterized by about 50 feet of unsaturated, locally fractured basalt, with zones of clays and iron
oxides. The shallow aquifer occurs within this unit
and comprises two fractured zones separated by 15
feet of dense basalt. Dense basalt also underlies the
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shallow aquifer and functions as an aquitard. Unsaturated conditions occur at depth at MW-5 and other
nearby wells where “lost circulation” is commonly
noted on logs. At MW-5, this zone extends from
about 225 to 300 feet and consists of highly fractured
and/or vesicular basalt. Wood, peat, shale, and clay
of the Latah Formation are also locally present.
Intermediate aquifer. An intermediate aquifer,
about 50 feet thick, underlies this permeable basalt.
This aquifer occurs in the elevation range of 2,000 to
2,200 feet msl. Many wells produce water from this
sub-regional aquifer; it has a relatively broad extent
and spans the topographic divide along the Highway
95 corridor. It is likely hydraulically connected to
surface water in both WRIA 34 to the west and
WRIA 56 to the east. An aquitard of dense basalt,
100 to 150 feet in thickness, underlies the intermediate aquifer.
Deep aquifer. The deep aquifer is a thin zone below
450 feet (approximately 1,950 feet msl)
Hydraulic gradients. Wells in this area yield water
from the both the shallow and intermediate aquifers,
and sometimes from the deep aquifer. Because the
gradient is large and downward, these multi-aquifer
wells serve as conduits for groundwater to move
from the shallow aquifer to the intermediate and deep
aquifers (Figure 3-5).
MW-6: Valleyford Area
Â The hydrostratigraphy of this area is shown on
Figures 3-6, 4-1, and 4-7.

Shallow aquifer. The uppermost unit in this area
consists of permeable glaciofuvial deposits. These
deposits comprise a shallow, unconfined aquifer. The
lateral extent of this aquifer is uncertain. A long-time
resident of Valleyford describes the yield of this aquifer as variable; some wells produce substantial water (i.e. 10s of gpm) while others do not. Beneath the
shallow sand aquifer at MW-6 is vesicular and fractured basalt which is also water-bearing. Where this
water-bearing basalt occurs immediately below the
water-bearing sand, together they form a vertically

continuous aquifer. The shallow aquifer is underlain
by a thick aquitard comprised of dense basalt.
Deep aquifer. Beneath the basalt aquitard is a deep,
subregional aquifer comprising a sand layer within
the Latah formation (Figure 4-7). Water-bearing
fractured/vesicular basalt occurs above and below
this subregional aquifer at MW-6. While thin, low
permeable clay and shale layers separate this subregional sand aquifer from the over- and underlying
basalt water-bearing zones, some exchange of water
may occur through fractures.
The deep aquifer in this vicinity is encountered at
about 2,200 feet msl and is about 20 feet thick, although the depth to the top of this aquifer varies significantly due to the steep local topography. Section
E-E′ indicates that depth to the basement rock is relatively shallow in the Valleyford area and has been
encountered in nearby wells. Well 545177, 3,000 feet
east of MW-6, penetrates bedrock at about 2,000 feet
msl. Wells to the northwest are completed entirely in
granite, indicating that basement rock truncates the
sub-regional aquifer to the northwest of MW-6.
Hydraulic gradients. At MW-6, a downward hydraulic gradient between the shallow and deep aquifers indicates the potential for downward flow. It is
likely that a downward gradient occurs in much of
the Valleyford area where shallow and deep aquifers
exist. Water well reports indicate some “multiaquifer” wells occur in this area.
Mur2: Confluence Area
Mur2 is located in the “confluence area” — where
Rock, California, and Spangle Creeks join Hangman
Creek (Figure 4-1). The driller’s log for Mur2 indicates that this wells produces water from a relatively
thick sequence of fractured basalt that lacks aquitards. These fractures occur within a 60 foot interval
that spans elevation 1,850 feet msl.
Like others in this area, Mur2 is a flowing artesian
well. This condition is likely related to the upwelling
of groundwater as it flows northward along the axis
of the watershed and encounters the “granite” ridge
(Figure 4-3).
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4.3.4 Aquifer-Basalt Flow Relationship
Table 4-1 lists the aquifers encountered during drilling, of wells MW-1 through MW-6. For each aquifer
encountered, the basalt unit name and the relative
position within it i.e. near the basalt flow ‘top’ or
‘bot’ (bottom) is indicated.

Basalt Flow ID

Aquifer Position
in Bassult Unit

Table 4-1: Local Aquifer Position in Basalt Flows

MW-1

20–45

B

Top

PR

Upper sub-unit

MW-1

125–140

S,B

Top

PR

Lower sub-unit

Notes

5

Aquifer Testing & Analysis

Aquifer testing was conducted to evaluate yield and
water quality at the six new well sites and at one existing well. Tests were usually conducted in open
boreholes after encountering the first water-bearing
unit (“the shallow zone”) and after well completion
(“the deep zone”). Table 5-1 summarizes pertinent
test interval information. Drilling continued after the
shallow zone testing. Water samples were collected.
Drawdown (with some recovery) data for pumping
tests are shown for each well on Figures 5-1 through
5-14.
Table 5-1: Pumping Tests

MW-2

123–145

B,S

Top

SF

---

MW-2

265–285

B

Bot

SF

---

Well

Tested Interval
(ft, bgs)

Basalt (B)
Sand (S)

Basalt (B)
Sand (S)

Well

Aquifer
Depth
(ft, bgs)

Basalt flow identification is based on work done by
Robert Derkey (2011). Groundwater may occur in the
top and/or bottom of the Priest Rapids, Spokane
Falls, and California Creek flows.

MW-3

12–40

B

Top

PR

---

MW-1

20–45

B

125–140

S,B

MW-3

70–82

B

Bot

PR

---

MW-1

MW-3

102-130

B

Top

SF

---

MW-2

123–145

B,S

265–285

B

Bot

SF

---

MW-2

Top

PR

---

MW-3

12–40

B

B

Bot

PR

---

MW-3

175–195

B

Top

PR

---

MW-4

70–76

B
B

MW-3

175–195

MW-4

13-20

B
B

MW-4

70–76

MW-5

52–78

MW-5
MW-5

92-127

B

305–355

B

Top
Bot

SF

x

Q ( gpm)
1.3

x
x

1.5 & 4.4
0.5

x
x

1.9 & 3.1
25

x

>4.8 & >1.9

x

2.7 & 3.6

---

MW-5

52–78

B

---

MW-5

305–355

B
x

25 & 37.5

x

0.75 & 0.5

x

20
x

17

---

MW-5

483–493

B

na

Glaciofluvial

MW-6

49 – 73

S

SF?

ID uncertain

MW-6

208 – 231

S

SF?

ID uncertain

Mur2

145 – 207

B

x

>6.3 & 30.5

na

na

---

Mur2

188 – 207

B

x

>5.2

B

all

AH?

ID uncertain

B

Top

CC?

ID uncertain

483–493

B

MW-6

49 – 73

S

na

MW-6

85 – 105

B

Top

MW-6

179 – 203

B

Bot

MW-6

208 – 231

S

MW-6

243 – 255

MW-6

257 – 270

MW-5

PR

Open Borehole
Installed Well

The downhole video for Mur2 reveals extensive fractures, like those observed in nearby outcrops. These
fractures, which may control the movement of some
groundwater to wells in this area, may be related to
the Latah fault. The fault has been mapped very near
Mur2 along the axis of the Hangman Creek watershed (Hamilton et al, 2004).

Top

CC

x

2.2 & 3.8

Basalt Flow ID: PR=Priest Rapids, SF=Spokane Falls,
Airway Heights, CC=California Creek,
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5.1 Methodology
5.1.1 Pre-Test Monitoring
Water levels were monitored in each well for 1 to 6
hours before each test.

5.1.2 Pumping Tests
Monitoring Wells
Pumps were installed to facilitate testing. H2O Well
Services provided a 1.5HP, 4-inch submersible pump
for open-borehole testing. For tests run in the completed 2-inch monitoring wells, a Grundfos Rediflow2 pump was used; at MW-5 (a 4-inch well), a
1.5HP, 3-inch submersible Grundfos pump was used.
Water levels were measured using pressure transducers (vented or non-vented, along with a barometer)
plus data loggers and/or a manual sounder. Data loggers were synchronized to a web-connected laptop
clock. Pumping rates were measured using an inline
flow meter and/or a calibrated 5-gallon bucket plus a
stopwatch.
Mur2
Mur2 is located in the confluence area. It is cased
from 0 to 146 feet and open from 146 feet to 209.5
feet, the well depth. The artesian flow rate was between 20 and 30 gpm.
A video log was performed by H2O Well Services to
identify the condition of the casing and the distribution of fractures in the open borehole. A copy of this
video is on file with the SCCD. The video log revealed the casing is in good condition with a ring-bit
at its base. Fractures occur throughout the borehole
but the density was lower in the interval from 171 to
183.
Packer tests were attempted to determine whether the
upper and lower fractures were yielding distinct water. Based on the fracture distribution and “flow
rates” shown on the Mur2 well report, an attempt was

made to install a packer at 180 feet to test above and
below this depth. Unfortunately, the packer unit
could not be lowered below the ring-bit at 146 feet,
which is probably not horizontal.
Instead, two pumping tests were conducted: one with
the pump intake at 145 feet below the top of casing
(btc) and the other at 188 feet btc. The pump was operated at relatively low rates — 6.3 gpm for the 145foot intake and 5.2 gpm for the 188-foot intake — to
minimize flow changes adjacent to, and inside of, the
open borehole. The upper test was expected to integrate water from all fractures (146 to 209.5) and
lower test would target the low fracture zone.

5.1.3 Aquifer Parameters
Aquifer parameters were estimated using well information and pumping test data.
Aquifer thickness (b) was assumed to equal the water-bearing interval. These zones are identified in
Table 5-1 and on the geologic log and well construction details for each well (Figures 3-1 through 3-5).
Transmissivity (T) was estimated using data from the
pumping tests and the Cooper-Jacob (1946) method.
Hydraulic conductivity (K) was calculated for individual zones by dividing transmissivity by aquifer
thickness. K is the volumetric flow rate per unit hydraulic gradient per unit area of aquifer.

5.2 Results
The results and parameters used in the pumping test
analysis are summarized in Table 5-2.
Figures 5-1 through 5-14 show drawdown and/or
recovery during testing. Because the aquifer thicknesses (b) for all tested zones is within one order of
magnitude, the large range in transmissivity (T) and
hydraulic conductivity (K) primarily reflects variations in texture (Table 5-2). The largest T and K values are for MW-5 and the lowest are for MW-1.
These values are consistent with the observed tex-
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tures at these sites: At MW-5, the basalt is extremely
fractured and porous; at MW-1 fractures are sparse.
The sand aquifer at MW-1 has a relatively high T and
K in contrast to the sand/basalt aquifer at MW-2.

D
D
D
R
R
D
D
R

175–195
70–76
52–78
305--355
305–355
483–493
49-73
208-231
145–207
188–207

Thickness

MW-2
MW-2
MW-3
MW-3
MW-4
MW-5
MW-5
MW-5
MW-5
MW-6
MW-6
Mur2
Mur2

D 20–45
R 20–45
R 125–140
D 123–145
R 123–145
D 265–285
D 12–40

K
(ft/d)

25
25
15
22

1.3E+0
8.4E-1
1.0E+3
4.4E-1

1.7E-1
1.1E-1
1.3E+2
5.9E-2

6.9E+0
22
3.1E-1
1.4E+3
20
7.0E+1
1.7E+4
28
6.1E+2
flowing; no drawdown
4.5E+3
6
7.5E+2
1.2E+3
26
4.6E+1
2.3E+4
50
4.6E+2
7.5E+4
50
1.5E+3
1.5E+5
10
1.5E+4
1.1E+2
24
4.6E+1
3.3E+3
23
1.4E+2
2.7E+2
NA
flowing; no drawdown

4.1E-2
9.4E+0
8.2E+1

Q (gpm)

MW-1
MW-1
MW-1
MW-2

Test*

Well

K
(gpd/
ft2)

T
(gpd/ft)

1.3
1.3
4.4
0.5

3.2E+1
2.1E+1
1.5E+4
9.6E+0

0.5
3.1
25
2.7
20
17
17
25
.75
2.2
30

5.3 Temperature
Groundwater temperatures ranged from 10 to 16°C in
the tested wells and are summarized below in Table
5-3.

Table 5-2: Pumping Test Results
Tested
Interval
(ft, bgs)

able drawdown during testing at 188 feet, even with
pumping.

1.0E+0
6.1E+0
6.1E+1
2.0E+2
2.0E+3
6.1E+0
1.9E+1

D=drawdown during pumping, R=recovery
‘E’ notation, for example, 3.3E+1 =3.3x101=3,300

Analysis of the recovery trend for MW-2 (depth 265285) indicates a transmissivity of approximately
20,000 gpd/ft. While this trend is linear on a semilog
graph (Figure 5-4), it is believe this relative flat trend
resulted from the short pumping duration and/or
leakage from the overlying clay. Short pumping duration and/or leakage can result in a flatten recovery
trend which when analyzed produces erroneously
high transmissivity (Streltsova, 1988).

Temperatures were elevated (14 to 16°C) at the MW2 (deep), MW-5 (intermediate and deep), and Mur2
wells. Drillers who have installed wells in this area
have observed similar elevated temperatures. The
temperatures shown below were measured using field
meters for the discharge water and downhole thermistors /dataloggers. Some measurements (not included
in Table 5-3) of discharge water were impacted by
heat from the pump.

Table 5-3: Temperature Data
Well

Tested Interval

Temp (°C) in
Discharge Water

Temp (°C) in
Borehole or Well

MW-1

20–45

12.3

na

MW-1

125–140

na

11.7

MW-2

123–140

11

na

MW-2

265–285

na

14.1

MW-3

12–40

11.1

na

MW-3

175–195

11.7

na

MW-4

70–76

na

9.9

MW-5

52–78

11.1

na

MW-5

305–355

15.3

15.1

MW-5

483–493

na

15.9

MW-6

49-73

12.2

na

MW-6

208-231

9.5

na

Mur2

145–207

14.1

14

Mur2

188–207

14

14.1

Although the deep flowing artesian aquifer at MW-3
was pumped at 8 gpm, no drawdown was observed,
so T and K could not be estimated. Similarly, at
Mur2, flowing conditions persisted without observ-
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6

Geochemistry

Geochemical data can provide insights into the origins, flow patterns, and residence time of groundwater. This section discusses the methods used to analyze the results, describes the sampling and laboratory analyses, and presents the results. The results are
interpreted with respect to the groundwater flow system in Section 8.
Fourteen samples were collected during the monitoring well and Mur2 testing to assess:
• The source and age of groundwater recharge
• The degree of mixing between aquifers
• The degree of continuity between groundwater and
surface water

6.1 Background on Method
This section provides some background on how major and minor ions and stable isotopes are used to
characterize water quality.

6.1.1 Inorganic Major & Minor Ions
Inorganic constituents can be useful for identifying
geochemical “signatures,” or unique water types. Data points from many samples can be plotted on a single trilinear diagram, or Piper plot. The trilinear diagram features two ternary plots – one for cations and
the other for anions. Points on each ternary are projected onto a diamond-shaped plot that summarizes
the cations and anions. Waters that plot in the same
vicinity have similar chemistry. The trilinear plots
show specific ion concentration as a percentage of
the total ion concentration, but do not indicate absolute concentration. Therefore, circles are used on trilinear diagrams to indicate concentration; the radius
is proportional to the total dissolved solids (TDS).
The diagram allows us to simultaneously compare
geochemical signatures for many samples.

6.1.2 Stable Isotopes
Oxygen and hydrogen stable isotopes provide information about the source of groundwater and define
its isotopic signature. Stable isotopes are reported
using the δ (delta) notation in units of permil relative
to standard mean ocean water (SMOW). The results
are typically plotted with the meteoric water line
(MWL) — a line along which all global precipitation
generally falls (Craig, 1961). While the wide range in
isotopic signature of global precipitation falls along
the MWL, locally, the meteoric water line is commonly different, shifted slightly from the global
MWL, but with a similar slope. The local meteoric
water line for southwestern Idaho was used for this
study (Adkins and Bartolino, 2010). Samples that
plot along or near this line originate from precipitation; they have not been affected or modified by
processes that changed the isotopic signature, such as
evaporation or geothermal activity. Relatively light
isotopic signatures have large negative values, containing significantly less O-18 relative to SMOW;
they characterize high-elevation precipitation. Conversely, relatively heavy isotopic signatures have
smaller negative values, containing slightly less O-18
relative to SMOW; they characterize low-elevation
precipitation.

6.1.3 Tritium
Tritium, a radioactive form of hydrogen, has a halflife of 12.32 years and acts as a groundwater tracer.
Tritium occurs naturally in the atmosphere due to
interaction of cosmic rays with atmospheric gases;
background atmospheric tritium in the Pacific
Northwest is reported to range from 4 to 6 TU
(IAEA, 1992). Atmospheric tritium concentration
increased significantly due to bomb testing in the
1950s and early 1960’s; maximum northern hemisphere atmospheric tritium of over 1000 TU occurred
in 1963. Atmospheric tritium declined rapidly to
background levels due to natural radioactive decay
and replacement due to natural atmospheric water
circulation patterns.
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Because tritium decays over time, it provides information about the age of groundwater — specifically,
whether it is older or younger than about 60 years. If
more than 1 tritium unit (TU) is detected in a sample,
it contains water that was recharged after the early
1950s, when atomic bomb testing began, releasing
this radioactive isotope into the atmosphere. If no
tritium is detected in a sample, recharge occurred
more than approximately 75 years ago, as that is the
time (about 6 half-lives) required for natural levels
of tritium to decay to the below the method error (detection limit).
Because tritium levels have fluctuated historically,
this method does not provide absolute or precise
dates.
Tritium is measured by counting radiation units in the
sample. For each sample, both the result and the potential measurement error are reported. In some
cases, negative TU values are reported, reflecting the
difference between the count rate of the sample and
that of a tritium-free sample, which should have 0
TU. Negative values are reported to allow the user
unbiased treatment of the data. If the “negative valued” data are not statistically analyzed, a value of 0
TU should be used.

6.1.4 Carbon-14 & Carbon-13
The age of groundwater is defined as the period of
time elapsed since the water moved deep enough into
the groundwater zone to be isolated from the earth’s
atmosphere (Freeze and Cherry, 1979). Radiocarbon,
carbon-14 or 14C, is used to date water that is less
than about 35,000 years old. Analytical methods
measure the activity of 14C in the sample and in a
standard for modern atmosphere; results are reported
as fraction modern carbon (fmc) and calculated years
before present using the decay equation and the halflife for 14C. A fmc value of 1.0 reflects current conditions (0 years), and fmc of 0.5 is half of the current
(modern) 14C activity (concentration) — that is, the
amount remaining after half the original amount of
dissolved inorganic 14C has decayed. Thus, a sample
with fmc 0.5 is assigned an apparent age equal to the
half-life of 14C. Two different half-lives are com-

monly referenced; the Libby half-life is 5,568 years
and the Cambridge half-life, a more recently reported
value, is 5730 years.
The actual groundwater age may differ from the “apparent” age reported by the lab if the water has reacted with carbon-bearing minerals or decayed organic matter, or has lost carbon due to degassing.
Dissolved inorganic carbon (DIC) originating from
“dead” carbonates contains no 14C. Carbonate rocks
are assumed to be old enough that there is no longer
any significant amounts of radioactivity from 14C and
are thus considered to contain “dead” carbon. DIC
from “dead” carbonate rocks would “dilute” the 14C
concentration of a groundwater sample, causing the
apparent age to be older than the actual age and
would indicate need for an age correction. DIC from
dissolved soil gas contains 14C in concentrations that
reflect the time since the groundwater equilibrated
with the gas; if all DIC were from soil gas, the apparent age would equal the actual age and no age correction would be needed.
13

C is commonly used to provide information about
the source of DIC in groundwater, which is crucial to
interpret the 14C analytical results. Apparent age dates
can be adjusted, using the 13C data to identify reactions along the groundwater flow path that diluted the
14
C activity. While some of these corrections can be
complex and involve a significant amount of work,
some simple and useful corrections are available. A
more detailed discussion of 14C age adjustment calculations and a comparison of apparent and adjusted
ages is included in Appendix C.
Analytical results for 13C in DIC are reported using
the δ (delta) notation in units of permil relative to a
standard belemnite or PDB2. The δ 13C in carbonate
rock is typically about 0 permil. Conversely, the δ 13C
in soil gas is typically around -14 or -24 permil, depending on the dominant vegetation and can be about
-14 permil (more detail in Appendix C).

2

The common reference for δ 13C Marine Carbonate Standard was obtained from a Cretaceous marine fossil, Belemnitella americana, from the PeeDee Formation in South
Carolina.
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Well

Sample
Name

Tested
Interval

O-18 & D

Tritium, C14, C-13

Table 6-1: Groundwater Samples
Routine

6.2 Sampling & Analysis

MW-1

BH1_55

20–45

x

x

MW-1

MW1_137

125–140

x

x

MW-2

BH2_138

123–145

x

x

MW-2

MW2_276

265–285

x

x

• MW-1, MW-5, and MW-6 were selected because
they are located in areas where significant development is anticipated.

MW-3

BH3_67

12-40

x

x

x

MW-3

MW3_195

175–195

x

x

x

MW-4

MW4_76

70–76

x

x

• MW-3 and Mur2 were selected because they are
located along a groundwater flow path beneath the
axis of Hangman Creek watershed. MW-3 is on the
upper part of the flow path and Mur2, a flowing artesian well, is on the flow path near where it encounters the subsurface ridge.

MW-5

BH5_85

52–78

x

x

MW-5

MW5_355

305–355

x

x

MW-5

BH5_501

483–493

x

x

x

MW-6

BH6_78

49 - 73

x

x

x

MW-6

MW6_224

208 - 231

x

x

x

Mur2

Mur2_145

145

x

x

x

Shallow/deep sample pairs at MW-3, MW-5, and
MW-6 were selected to compare aquifer chemistry.
The names in Table 6-1 denote the location and
depth of the sample. They also indicate whether the
sample was collected from the borehole (BH) or the
completed monitoring well (MW). For example,
sample BH1_55 indicates the sample was collected
from the location of MW-1, during a borehole test
(i.e. an hiatus in drilling) when the borehole depth
was 55 feet. Similarly, sample MW1_137 was collected from MW-1 during testing after the well was
constructed to a depth of approximately 137 feet (see
Figure 3-1 for exact well construction details).

Mur2

Mur2_188

188

x

x

x

O-18 & D

Table 6-2: Surface Water Samples
Routine

Samples were field-filtered and analyzed by Anatek
Labs, Inc. Stable isotopes samples were collected
without headspace to avoid changes to their signature
and submitted to Zymax, Inc. Radiocarbon samples
were collected in Nalgene™ bottles, treated with potassium hydroxide, and stored in a cool place. Tritium samples were also collected in Nalgene bottles
and stored in a cool place. No glow-in-the-dark
watches or other items were worn during the collection of the tritium samples.

x

Surface water samples were collected during lowflow conditions in early September 2010 and analyzed for field parameters, routine chemistry, and
stable isotopes of oxygen and deuterium. Sample location is indicated by sample name and river mile in
Table 6-2.

HC at Latah

46.2

HC46

x

x

HC near MW-2

31

HC31

x

x

HC U/S Rock Ck

21

HC21

x

x

Rock Creek

0.4

RC.4

x

x

California Creek

0.1

CC.1

x

x

HC D/S California Creek

18.2

HC18

x

x

HC U/S Marshall Creek

4.6

HC4.6

x

x

Marshall Creek

0.5

MC.5

x

x

USGS Gage site

0.8

HC.8

x

x

Site

Creek
Mile

Sample
Name

All samples were analyzed for field parameters, routine chemistry, and stable isotopes of oxygen (O-18)
and deuterium (D). In addition, eight samples were
selected for analysis of the stable isotope carbon-13
(13C) and the radioactive isotopes tritium and carbon14 (14C).
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The locations of the surface water samples are shown
on Figure 2-2. The sample names indicate the creek
and the distance from the confluence with the Hangman Creek (for tributaries) or the Spokane River (for
Hangman Creek). For example, HC31 was collected
from Hangman Creek, 31 miles upstream from the
confluence with the Spokane River. RC.4 was collected from Rock Creek, 0.4 miles from the confluence with Hangman Creek.

6.3 Results
Chemistry data is maintained in a water-quality database for this project. For major ions, an ion balance
was calculated as a quality-assurance measure. Routine constituents were plotted on trilinear diagrams as
described in Section 6.1.1. Stable isotopes were plotted on a graph with the global and local MWL. Other
graphs are shown to illustrate important geochemical
relationships.
Tables 6-3 and 6-4 summarize the field and laboratory results for samples collected during well testing
and surface water sampling, respectively. The ion
balances are summarized in Table 6-5. Water is electrically neutral; therefore, 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.

6.3.1 Routine Constituents
TDS concentration in groundwater ranges from a low
of 76 mg/L in BH6_79 to a high of 289 mg/L in
BH1_55, except for BH5_85, which has a high concentration of 927 mg/L.
The major ion chemistry for groundwater and surface
is plotted on separate trilinear diagrams (Figures 6-1
and 6-2, respectively) and together on a single diagram (Figure 6-3). The tight cluster in the anion ternary plot indicates that all the groundwater and surface water samples (Figure 6-3) are characterized by
bicarbonate as the dominant anion, except for
BH5_85, which has a very high chloride concentra-

tion. Conversely, the cation ternary shows a wide
range in relative concentration of major cations, and
indicates that the dominant cation ranges from calcium to sodium/potassium while magnesium is stable. The range in cation distribution is wider for the
groundwater than for the surface water.
Water quality data for selected constituents is shown
on Figure 6-4, along with river mile. The tributary
samples are plotted at the river mile of its confluence
with Hangman Creek. Similarly, the groundwater
samples are plotted at the nearest river mile and wells
near tributaries are plotted at the river mile of tributary confluence.
The groundwater and surface samples have similar
concentrations of most constituents except for calcium and bicarbonate (Figure 6-4; Tables 6-3 and 64). In general, calcium concentrations are higher in
shallow groundwater than surface water, and are
lower in deep groundwater than surface water. Calcium and bicarbonate increase slightly in the downgradient direction for both groundwater and surface
water. Bicarbonate and calcium concentrations are
greater in surface water and groundwater in the lower
part of the watershed, north of the subsurface granite
ridge, suggesting that significant groundwater discharges to Hangman Creek in the vicinity of Mur2.
This is consistent with geologic conditions whereby
the subsurface ridge forces groundwater toward the
surface. Evidence of this vertical upward discharge is
suggest by several wells in the Mur2 vicinity (including Mur2) that have static water pressures above
ground surface, i.e. flowing artesian conditions
The calcium and sodium data indicate that cation exchange causes calcium to decrease and sodium to
increase as groundwater reacts with minerals in the
aquifer. The longer the groundwater residence times
in the aquifer, the larger the difference between calcium and sodium. This reaction path explains why
the deep groundwater has less calcium than the shallow groundwater. This reaction path is well documented in CRB groundwater systems (Hearn et al,
1985, Papadopoulos et al, 2009).
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6.3.2 Stable Isotopes
O-18 and deuterium indicate a range in the elevation
of precipitation recharge (Figure 6-5). The data plot
along a slope that is similar to, but offset from, the
global MWL, and they plot closely to the local meteoric water line for southwestern Idaho (Adkins and
Bartolino, 2010). The quality-assurance data was reviewed, and all standards and duplicates were within
the acceptable criteria.
On Figure 6-5, the well pairs share a similar color,
but the samples from shallow aquifers are denoted by
squares and those from deep aquifers are denoted by
triangles. Surface water samples are all denoted by
blue dots; the river mile or the tributary abbreviation
is indicated next to each surface water data point. In
general,
• Surface water samples have a significantly heavier
isotopic signature compared to groundwater.
• Surface water samples from the upper reaches have
the heaviest signature, indicating the water is from
direct runoff of precipitation or interflow (local,
very shallow groundwater).
• Surface water samples get progressively lighter in
the downstream direction, indicating a mixture of
local precipitation and groundwater discharge.
• Marshall and California Creeks have the heaviest
isotopic signature of all the surface water samples,
similar to shallow groundwater, indicating that
these creeks are predominantly comprised of
groundwater discharge.
• In general, the shallow aquifers have a heavier signature, indicating that they are recharged by lowelevation precipitation or a mixture of local and
more distant intermediate or high elevation precipitation.
• The deeper aquifers have a lighter isotopic signature, indicating that they receive recharge from
high-elevation precipitation.
• The intermediate MW4 aquifer and the deep aquifer at MW3 have the lightest signature, indicating
recharge from highest elevation. The uppermost
reaches of the Upper Hangman sub-basin has the

highest elevations in the watershed. This uppermost basin contributes flow to the deep aquifer at
MW-3, and a substantial amount to the intermediate aquifer at MW-4 via upward moving water
from the deep to the intermediate aquifer.
The deep sample MW5_501 is an exception. to the
general pattern for groundwater. Its isotopic signature
is only slightly lighter than in the shallow aquifer at
this well, and it is identical to the signature for the
intermediate aquifer at this well, indicating either a
downward gradient or that both the intermediate and
deep aquifers are recharged from relatively local precipitation. The downward gradient and the occurence
of multi-aquifer wells in the Spangle area may introduce shallow groundwater into the intermediate and
deep aquifers resulting in the observed mixing.

6.3.3 Carbon-14 & Carbon-13
14

C and 13C data are listed in Table 6-3. 14C data is
given as both the fraction modern carbon (fmc) and
the apparent age. Apparent age ranges from 1,240 to
16,880 years. δ 13C ranges from -14.2 to -19.6 permil.
The δ 13C data indicate that the groundwater is enriched (heavier) relative to typical soil gas and suggests that carbon mass transfer has occurred since the
groundwater infiltrated through the soil zone. The
enriched δ 13C values suggest either 1) degassing of
carbon dioxide—as reported for groundwater in the
CRB near Skamania (Hinkle, 1996) and in the Palouse basin (Douglas et al, 2007)—in which case the
actual age would be nearly equal to the apparent age,
and no adjustment would be required, or 2) dissolution of carbonate—as is reported for a basalt
groundwater in southwestern Idaho (Adkins, 2010)—
in which case an adjustment would be required. The
routine chemistry and the δ 13C are used to identify
the carbon mass transfer mechanism.
The two likely processes are either degassing or carbonate dissolution. Degassing would remove DIC
from the groundwater; the lighter isotopes would be
more likely to go into the gas phase and groundwater
would become enriched in 13C, but the amount of 14C
would be relatively unchanged. Carbonate dissolution
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would contribute DIC to the groundwater; the
groundwater would become more enriched in 13C (it
would get heavier) and the radioactivity of 14C would
be diluted with “dead” carbon.
Dissolution of carbonate would be indicated by a
strong correlation between bicarbonate and δ 13C.
Figure 6-6 indicates little correlation between δ 13C
and bicarbonate when Mur2 and MW5_85 are excluded. Figure 6-4 corroborates the idea that
MW5_85 and Mur2 are outliers for the general trends
observed for the shallow and deep aquifers. The relative stability of bicarbonate over a wide range in δ
13
C, suggests that degassing is responsible for the
observed heavy δ 13C in the groundwater.
Figure 6-7 reveals the inverse relationship between
sodium and calcium and the direct relationship between sodium and 14C, indicating that cation exchange progresses with groundwater age.
Robust geochemical modeling was conducted for the
Douglas et al (2007), Hinkle (1996) and Hearns
(1985) studies. Each of these indicates that dissolution of volcanic minerals and subsequent degassing is
the dominant geochemical process. Additionally,
these studies also document cation exchange—the
increase in sodium and decrease in calcium with
groundwater age—as is discussed in Section 6.3.1
and indicated on Figure 6-7.
Based on the geochemistry and the fact that dead carbon is unlikely to contribute significantly to the DIC
because carbonate rocks are not present in the vicinity (pers. comm., Derkey, 12/2010), it is concluded
that the apparent age is representative of actual age
and age corrections are not required. The close proximity, similar geology, and δ 13C values to the Skamania and Palouse study areas further support this
conclusion. Conversely, the Idaho study (Adkins,
2010) assumed carbonate dissolution based solely on
the enriched δ 13C signature of the groundwater relative to soil gas.
Apparent age and fmc are summarized in Table 6-3
and used in the discussions in the remainder of this
report. A more detailed discussion about 14C age adjustments is given in Appendix C. The implications

of the occurrence of very old water is discussed in
section 8.0

6.3.4 Tritium
Tritium results range from -0.03 to 4.87 TU (Table
6-3). Five of the eight samples contain 0.08 TU or
less, with an error (+/- 0.09) that exceeds the result;
therefore, they effectively have 0 TU. BH3_67 and
BH5_85 have 2.99 and 4.87 TU, respectively, indicating that they contain water that was recharged
within the last 60 years. MW6_224 has 0.12 TU; suggesting minor mixing with younger water. However,
it is surprising that the deep aquifer at MW-6 has detectable tritium and the shallow aquifer does not.
Figure 6-8 shows the relationship between tritium,
C, and O-18. As discussed above, the lighter O-18
signature is associated with an older 14C age. Similarly, samples with the lightest isotopic signature
contain no tritium and therefore no recent recharge.
Samples with the heaviest isotopic signature contain
tritium, indicating the presence of recharge from recent precipitation.
14

The tritium and 14C results for the shallow aquifer at
MW-3 and MW-5 indicates groundwater that has
been recharged along both slow and fast preferential
flow paths, most likely reflecting the variation in
fractures vesicles, and alteration of volcanic minerals
to clay in the basalt aquifer. Large fractures transmit
water quickly, while small fractures and clay (from
alteration) would transmit water slowly.
This apparent contradiction — water with old 14C and
tritium — could also indicate a mixing of water
within the borehole because of variation in traveltime of groundwater recharge to an aquifer. For example, BH5_85 was collected from the shallowest
water-bearing unit at MW-5. It is not surprising that
this sample has 4.87 TU. However, it also has a 14C
age of 1,240 years, suggesting origins along some
relatively slow flow paths — as well as along much
faster ones — a reflection of the varying basalt textures observed during drilling.

22

HANGMAN CREEK HYDROGEOLOGIC STUDY
SPOKANE COUNTY CONSERVATION DISTRICT

BH5_501 was collected at about 483 feet bgs from
the deepest aquifer encountered at MW-5. Given the
depth of this sample, an old 14C age is expected. Yet,
the apparent age of 7,670 years is relatively young
compared to the age of deep groundwater from MW1, MW-3, and Mur2 wells (14,730, 16,880, and
15,450 years, respectively), again suggesting the
presence of recharge via both fast and slow flow
paths. The combination of downward gradients, preferential flow paths, and multi-aquifer wells in the
Spangle area may contribute to the young apparent
age and the presence of tritium in this deep sample.

7.2 Data Sources
Electronic parcel data is available for Spokane
County but not for areas of the basin within Whitman
County and Idaho. SCCD provided all the data for
this analysis, including the County Assessor’s database, GIS shapefiles for land-use zoning, and zoning
subdivision guidelines. For Whitman County and
Idaho, analyses were based on GIS land coverages.

7.3 Method

14

Implications of the C age and tritium data is discussed in Section 8.0.

7

Exempt Wells

7.1 Objective
The Hangman Creek watershed features substantial
areas of rural, undeveloped land. Given its proximity
to Spokane, populations are expected to increase in
the future, especially around Spangle, Freeman, Fairfield, and Rockford, and the pressures to develop
land and water will increase to meet these growing
demands. Because this basin discharges into the Columbia River system, groundwater development will
impact streamflow in the Spokane and Columbia
Rivers.
Basin-wide withdrawals can be estimated using water
rights information and water purveyor records, which
are publicly available from Ecology and Department
of Health. However, wells that pump less than 5,000
gpd are exempt from the state’s water right permit
process. Because these exempt wells typically supply
a significant amount of water in rural areas, the
SCCD is interested in quantifying their cumulative
effect on the water resources in the basin. Such an
understanding is critical to managing growth and sustaining water resources, especially in areas such is
this, where supplies are limited.

7.3.1 Spokane County
“Developable” land in Spokane County was identified using the assessor’s database. Developable parcels satisfied the following criteria:
• Any parcel located outside of a zone that would
have a public water supply (for example, City,
low-density residential, and regional commercial
lands)
• Any parcel not zoned such that it is undevelopable
(such as an urban reserve)
Spokane County’s land use categories (pers. comm.,
M. Hermanson, SC Div. of Utilities., 5/14/2010) are
summarized in Table 7-1. Note that parcels within
zones that are served or anticipated to be served by a
public water supply or is not developable (designated
N/A) were excluded from this analysis.
Each parcel was assigned to the appropriate sub-basin
of the Hangman Creek watershed. The number of
possible exempt wells was calculated based on full
build-out conditions—maximum allowed parcel subdivisions. One exempt well is assumed per subdivided parcel. These wells were then summed within
each sub-basin. For example, consider a 100-acre
parcel. If this parcel is within a Rural-5 zone, it could
be subdivided into 20 parcels; in this case, 20 possible exempt wells are assumed under full build-out. If
the parcel were zoned for large-tract agriculture,
however, only two possible exempt wells were added—fractions of subdivisions are not counted. If that
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parcel lies within an urban reserve or other zone
where development is prohibited, no possible exempt
wells were added.
Table 7-1: Spokane County Land Use Categories
Category

Minimum Acres / Subdivision

City
Community Commercial
Forest Land
Large Tract Agriculture
Light Industrial
Low Density Residential
Medium Density Residential
Mineral Land
Regional Commercial
Rural Activity Center
Rural Conservation
Rural Traditional
Rural-5

N/A
N/A
20
40
N/A
N/A
N/A
20
N/A
N/A
20
10
5

Urban Reserve

N/A

Figure 7-1 uses a hatching pattern to indicate parcels
without current improvements—i.e.without some
type of building or structure. Conversely, nonhatched parcels have an improvement(s). An existing
exempt well is assumed for each improved parcel
located outside of a public water supply service area.
Although a moderate number of parcels have improvements and already may have a well, it would
not preclude them from being subdivided, as large
parcels with existing improvements are commonly
subdivided. Therefore, all parcels with appropriate
zoning were considered subject to subdivision. The
assumed existing exempt wells were added up for
each sub-basin.
Potential future exempt wells represent the exempt
wells that that are additional to the current existing
exempt wells to complete full build-out, and were
calculated by subtracting the assumed existing wells
from total possible exempt wells.

7.3.2 Whitman County & Idaho
Land coverage for the entire Hangman Creek watershed is shown on Figure 7-2. All Idaho lands were
considered developable except those designated as
commercial, open water, or woody wetland. Again,
undevelopable land was excluded from the analysis.
The land cover categories are also summarized in
Table 7-2. Because these Idaho lands were similar to
the Spokane County area, they were assumed to be
zoned as large-tract agriculture and assigned a minimum of 40 acres / subdivision, except for areas designated low-density residential.
Table 7-2: Land Coverage in Hangman Watershed
Land Cover Description

Minimum Acres / Subdivision

Open Water
Low Density Residential
Commercial
Bare Rock/Sand/Clay
Transitional
Deciduous Forest
Evergreen Forest
Mixed Forest
Shrubland
Grasslands/Herbaceous
Pasture/Hay
Small Grains
Fallow
Woody Wetland

N/A
5
N/A
40
40
40
40
40
40
40
40
40
40
N/A

For each land-cover area in the GIS coverage, the
maximum number of potential exempt wells was calculated as the area divided by the minimum number
of acres per subdivision. Each area polygon in the
coverage was assigned to a sub-basin. The maximum
number of wells per area was then summed for each.

7.4 Results
Table 7-3 summarizes the results by sub-basin. Under full build-out conditions, up to 10,122 wells
could be pumping in the Hangman Creek basin. Water use was assumed to range from 250 gpd per well
(a single-family residence) to 5,000 gpd (the maximum allowed for an exempt well). Water use by subbasin, expressed in units of cubic feet per second
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(cfs) for easy comparison to streamflow, ranges from
0.1 to 21.4 cfs.
Water use from potential future exempt wells is compared to creek flow measurements for two sub-basins
and the Hangman watershed. The summer low flows
represent the range (min and max values) of the
measured flows (Table 7-4). Collectively, exempt
well water use would have a significant impact on
creek flows.

cfs @ 5000 gpd

cfs @ 250 gpd

594
California Creek
188
Cove Creek
67
Little Hangman Creek 930
723
Lower Hangman
1,366
Marshall Creek
637
Middle Hangman
170
Rattlers Run Creek
989 1,359
Rock Creek
215
Spangle Creek
122
Stevens Creek
2,319 443
Upper Hangman
Total potential exempt wells:

Total Wells

SC

Sub-basin

ID & W

Table 7-3: Potential Future Exempt Wells & Water
Use

594
188
997
723
1,366
637
170
2,348
2215
475
122
2,762
2 808
10,122

4.6
1.5
7.7
5.6
10.6
4.9
1.3
18.2
1.7
0.9
21.4
78.3

0.2
0.1
0.4
0.3
0..5
0.2
0.1
0.9
0.1
0.05
1.1
3.9

Tottal Wiithdrawal cfs*

Summer Low (min) Flow,
cfs1

Use as % Flow

Summer Low (max) Flow
cfs1

Use as % Flow

594

0.2

0.12

>100

0.45

51

Rock

2,348

0.9

0.30

>100

1.42

64

Hangman

10,122

3.9

5.10

77

14.0

6

Sub-basin

Future Exempt Wells

Table 7-4 Potential Future Exempt Wells, Water Use,
and Percent of Creek Flow

California

* assumes each well pumps 250 gpd
1 - At sub-basin outlet, and measured by SCCD, 2001 – 2010

7.5 Limitations of This Analysis
Estimating the number of exempt wells per sub-basin
entails some error. It is likely that the full buildout
scenario overestimates total possible exempt wells.
Similarly, assuming each improved parcel has a well
may overestimate existing exempt wells and would
underestimate potential future exempt wells. In addition, a single parcel in the assessor database commonly comprises multiple sub-parcels if the parcel is
broken up by roads or other features (several records
in the database per parcel). The exempt well calculation is made for each sub-parcel area (each record in
the database). For example, consider the 200-acre
parcel comprised of two 100-acre sub-parcels within
a Large Tract Agriculture zone; as a single parcel it
could be subdivided into 5 parcels, but as two subparcels it would be subdivided into 2 each, or 4 parcels. This would underestimate total possible exempt
wells
To help minimize errors, the parcel database was
queried to remove duplicate records. In addition, after
parcels and land-use polygons were assigned a subbasin field, these areas were summed and checked
against the area calculated for the sub-basin coverage. The sub-basin assignments were viewed in GIS
to verify that they were reasonable.
Some insignificant errors were introduced because of
differences in watershed and parcel boundaries. In
Spokane County, some parcels are large and extend
into a neighboring sub-basin or watershed. In addition, because exempt wells are calculated using the
entire parcel area, estimates for the entire basin may
be slightly high while estimates for sub-basins may
be slightly high or low. However, the associated error
is very small, as indicated on Figure 7-1, which
shows that the area extending beyond the boundaries
is a small fraction of the watershed or sub-basins.
Similarly, each parcel was assigned to a single land
use, even if a small portion straddled more than zone.
The overall error within a sub-basin or the entire watershed is likely insignificant because the percentage
of affected parcels is very small. In addition, the
number of exempt wells would be overestimated for
some parcels but underestimated for others.
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Parcels were excluded from the analysis based on the
assumption that they would be served by a public
water supply. However, this may not always be the
case. Excluding such parcels would underestimate the
maximum number of exempt wells at full build-out.
Finally, zoning for the Idaho/Whitman County area
was based on land coverage information and the assumption that land use is similar to that in nearby
Spokane County. Most of the Idaho land is tribal,
however, and future development scenarios are unknown.

8

Regional Flow System

This section integrates the results of geologic, hydrologic, geochemical, and seepage data to describe
groundwater flow, groundwater/surface water interactions, and groundwater residence time.

from dates that span decades, and may be from
multi-aquifer wells.
Specific aspects of the groundwater flow system are
described in this section: 1) precipitation and recharge address how water enters the watershed and
its aquifers, 2) recharge rate addresses the rate at
which water enters aquifers by using groundwater
age, 3) vertical hydraulic gradients address the relationship between shallow and deep aquifers, and 4)
the subsurface granite ridge and how it affects
groundwater flow patterns.
The SCCD (pers. comm. Rick Noll, 2011) has an alternative mechanism for recharge to aquifers in the
lower to middle part of the watershed. Their alternative mechanism is the emplacement of water from
glacial Lake Columbia, approximately 10 to more
than 20 thousand years ago. This idea is presented in
Section 8.3.

8.1.1 Precipitation & Recharge

8.1 Groundwater Flow
A groundwater level contour map based on review of
800 water wells (Buchanan and Brown, 2003) shows
two noteworthy features:
• In general, groundwater flows towards specific
creek reaches: upper, middle, and lower Hangman;
Rock, California, and Marshall Creeks,
• Closed contours occur at different areas in the basin with significant variation in distance between
contours. These features demonstrate high variability in horizontal gradient throughout the watershed.
• Water level data collected during testing conducted
for this study are consistent with the general features shown on the Buchanan water level contour
map.
It is important to note that the groundwater level contours by Buchannan and Brown (2003) should be
used to provide a general sense to groundwater flow
directions. The water level data from which the contours were constructed has poor elevation control, are

Groundwater in the Washington portion of the watershed (WRIA 56) is recharged not only by local precipitation falling at relatively low elevations but also
by distant precipitation at higher elevations in the
watershed. Buchanan (2003) reports that precipitation
in the watershed ranges from less than 16 incher per
year (in/yr) in low elevation areas to more than 40
in/yr in high elevation areas. Figure 8-1 shows subbasin boundaries and groundwater ages on a topographic map. In general:
• High-elevation precipitation recharges deep aquifers where groundwater moves north-northwest,
downgradient, ultimately discharging to WRIA 54
(Spokane River) with some groundwater likely
moving westward to WRIA 34. Regardless of
where groundwater leaves WRIA 56, it is part of
Columbia River system.
• The age of the deep aquifer samples shown on
Figure 8-1 indicate that the oldest groundwater
occurs in sub-basins with the largest area and
likely the longest groundwater travel distance. For
example, the apparent age of the deep sample from
MW-3 is 16,880 years and the distance to the fur-
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thest upgradient sub-basin boundary is about 25
miles, while the age of the deep sample from MW6 is 5,870 years and the distance to the furthest upgradient sub-basin boundary is about 8 miles.
• The majority of recharge to the deep aquifers is
from precipitation at the higher elevations (light
δ18O) within a sub-basin. Wells with the lightest
δ18O occur in sub-basins with the largest area of
high land-surface elevation.
• Lower-elevation precipitation recharges the shallower groundwater systems that discharge to
Hangman Creek and its tributaries.
• The shallow aquifers may also receive upward
leakage from underlying aquifers, discussed in the
section below.

8.1.2 Recharge Rate
Buchanan (2003) reported that, based on a water
budget analysis, recharge to groundwater is about 1%
of precipitation. SCCD (pers. comm. Rick Noll,
2011) estimates recharge of about 5% of precipitation, using data modified from Buchanan. The remaining precipitation leaves the basin by evapotranspiration and runoff.
Rough estimates of recharge rate were made using
groundwater travel time and groundwater travel distance for each well/aquifer pair with age data. For
each well, travel distance was estimated separately
for the shallow and deep aquifers, as the isotopic signatures suggest different recharge source elevation.
The travel distance for the shallow aquifer is the approximate distance to the extent of the low elevation
area within the sub-basin, and for the deep aquifer it
is the approximate average distance from the well to
the upgradient sub-basin boundary. Travel time was
estimated directly from the age of the groundwater.
Assuming bulk (effective) porosity of 1 to 2%, these
estimates indicate that recharge rate ranges from 1.0
to 1.9 in/yr to the shallow aquifer, and 0.5 to 1.0 in/yr
to the deep aquifer. Assuming a basin average precipitation of 20.6 in/yr (calculated based on Buchanan, 2003), these rates represent 5 to 9% of pre-

cipitation for the shallow aquifer and 2 to 5% of precipitation for the deep aquifer. These results suggest
that recharge to the groundwater system is likely
more than the 1% of precipitation reported by Buchanan, and bracket the 5% of precipitation estimated
by SCCD.

8.1.3 Vertical Hydraulic Gradient
The spatial variability in the basin of the vertical hydraulic gradient (upwards or downwards) is yet another expression of the variation in the lateral extent
of aquifers in this watershed.
Downward Gradient
In much of the watershed, water levels in the shallow
aquifer are higher than in deeper aquifers which results in downward hydraulic gradients (sections A-A′,
B-B′, and E-E′; Figures 3-1 through 3-6; 4-3, 4-4,
and 4-7). Such conditions occur in the vicinities of
MW-1/Freeman, MW-2, MW-5/Spangle, and MW6/Valleyford. Where fractures are hydraulically continuous between shallow and deep aquifers, there is
potential for downward vertical flow. Similarly, an
individual well open to both shallow and deep aquifers would allow water to flow downward through
the borehole.
The downward gradient at MW-5 also suggests that
the intermediate/deep system is recharged from
above and that flow within the intermediate aquifer is
both towards WRIA 34 to the west and WRIA 56 to
the east.
Upward Gradient
In the vicinities of MW-3/4 and Mur2 flowing artesian conditions occur and indicate an upward gradient. The mechanisms that cause the artesian conditions may be somewhat different for the two vicinities and each is described below.

MW-3/4: The observed water levels, gradients, and
isotope data at the MW-3/4 site indicates that
groundwater in the deep aquifer at MW-3 is re-
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charged from high elevation precipitation in the upper watershed and is confined from the shallow and
intermediate aquifers.
Figure 8-1 also shows deep groundwater 18O. The
Cove Creek sub-basin discharges into the Upper
Hangman sub-basin immediately upgradient from
MW-3. Land surface elevation of Cove sub-basin is
significantly higher than elevation in the vicinity of
MW-3. Recharge from the high elevations in Cove
sub-basin would provide sufficient hydraulic head
and isotopically lighter precipitation to cause both the
observed artesian conditions and the isotopic signature in the deep aquifer at MW3. Furthermore, recharge from high elevation areas in the Upper Hangman sub-basin would result in the observed isotopic
signature and provide the groundwater travel distance
which results in the old apparent 14C groundwater age
of 16,880 years.
The isotopic signature at MW-4 (15 feet from MW-3)
indicates that the upper intermediate aquifer is recharged from high elevation, distant precipitation,
and its water level (lower than the deep aquifer at
MW-3) indicates that it is in hydraulic connection
with features that release water pressure, such as
wells, creeks, high conductivity zones within the aquifer, or upward leakage to the shallow aquifer.
Age data for the shallow aquifer at MW-3 is consistent with upward leakage from the underlying aquifer. Detected tritium and the apparent 14C age of
4,750 years indicate a mixture of old and young water. The isotopic signature of the shallow aquifer at
MW-3 (Figure 6-5) indicates recharge is a mixture of
local, low-elevation precipitation (in the immediate
vicinity of low-elevation mainstem reaches in Upper
Hangman Creek) and high elevation precipitation in
the mountainous areas within the Upper Hangman
(and possibly Cove) sub-basin (similar to MW-4).

Mur2: Mur2 produces water from a single aquifer.
The isotopic signature of the two tested zones and
apparent age of the upper zone indicate a mixture of
old recharge from distant, high-elevation precipitation and younger recharge from local, low-elevation
precipitation (Figure 6-5). The artesian conditions
could result from strong lateral hydraulic connection

with areas of recharge in the distant, upgradient part
of the watershed, similar to the deep aquifer at MW3. However, artesian conditions at Mur2 may also be
caused, in part or entirely, by its proximity to the
subsurface granite ridge; this is discussed in the section below.

8.1.4 Subsurface Granite Ridge
The low-permeability subsurface ridge in the vicinity
of the confluence area—where California, Rock, and
Spangle Creeks join the mainstem of Hangman
Creek—affects groundwater flow patterns. Deep
groundwater moving down-gradient parallel to
Hangman Creek is forced upwards when it encounters the granite. Water levels in granite wells are
higher than in nearby basalt wells, (Figure 4-3) further demonstrating that the subsurface granite ridge
strongly affects groundwater level patterns in its vicinity.
Groundwater age data is not available in the Lower
Hangman Creek sub-basin, north of the granite ridge
(Figure 8-1). It is unclear if groundwater moves
downgradient from the Middle Hangman Creek subbasin into the Lower Hangman Creek sub-basin.
MW-3 and Mur2 are the only two wells with age data
that occur along the mainstem of Hangman Creek. If
groundwater moved downgradient and it was not
forced upward in the vicinity of Mur2, the expected
groundwater age at Mur2 would be significantly
older than at MW-3 due to the time it would take to
travel from MW-3 to Mur2. The similar ages for
groundwater at Mur2 compared to the deep aquifer at
MW-3 suggests that mixing with younger water occurs at Mur2. The heavier isotopic signature at Mur2
further suggests mixing.
Buchanan (2003) reported the significance of a subsurface structure such as a fault or lineament that
controls groundwater movement from the middle to
lower Hangman Creek sub-basins. He may have been
referring to a fault or lineament that coincides with
the lower reaches of Hangman Creek and crosses or
deforms the subsurface ridge in the confluence area.
The work of this study neither supports nor refutes
Buchanan’s speculation about this fault or lineament
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The SCCD conducted seepage runs to better understand the locations and rates of gaining (groundwater
discharges into the creek) and losing (creek recharges
underlying aquifer) conditions along creeks in WRIA
56. Streamflow measurements were made at 10 to 45
stations (each seepage run used a different number of
stations) along Hangman Creek during the low-flow
conditions of 2001, 2002, and 2009, along Rock
Creek in 2009, and along California Creek in 2002
and 2009 (SCCD 2005 and 2009). These data were
summarized and reported by SCCD (2005, 2009).
SCCD collected seepage data along Hangman Creek
on September 8, 2010. All the seepage data were reviewed for this report.

2010 seepage data is summarized below in Table 81. Groundwater inflow at a given RM is the difference between flow at that RM and the nearest upgradient site minus tributary inflow. Inflow rate per mile
(IRPM) is calculated as the groundwater inflow divided by the reach length.
Table 8-1. 2010 SCCD Seepage Data

Site Name

Inflow Rate per
mile (cfs/mi)

8.2.1 Seepage Data

Also shown in Appendix D (lower graph) is an elevation profile of the Hangman Creek bed and baseflow. The baseflow profile shows a relatively large
increase in groundwater inflow to Hangman Creek
immediately upstream of the Rock Creek (at approximately river mile (RM) 21) and downstream of
the Marshall Creek (at approximately RM 4.6). Gaining conditions at these two locations are likely controlled by a combination of the down-cut creek bed
and poorly-permeable rock that forces groundwater
flow upwards. Just as the subsurface granite ridge
forces groundwater flow upwards near RM 21 (Section 8.1.4), low-permeable basalt likely forces
groundwater flow upwards below RM 4.6.

GW inflow (cfs)

Hangman Creek and its tributaries 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 intersection creek beds, or indirectly via the alluvial/colluvial deposits.

Discharge (cfs)

8.2 GW/SW Interactions

2001 low flow was approximately 5 cfs at the Hangman Creek outlet compared to the 2002, 2009, and
2010 low flow of 10 cfs or greater. This suggests that
Hangman Creek changes from a stream of predominately gaining conditions in “normal” low-flow years
to a stream of both gaining and losing conditions during “extreme” low-flow years.

River Mile

and its potential influence on groundwater flow patterns.

HC at Latah
HC near MW-2
HC upstrm Rock Ck
Rock Ck
California Ck
HC dwnstrm Ca Ck
HC upstrm Marshal Ck
Marshall Ck
USGS Gage Site

46.2
31
21
0.4
0.1
18.2
4.6
0.5
0.8

0.626
0.626
2.26
0.3
0.399
3.28
5.13
1.60
12.0

na
0.0
1.63
na
na
0.32
1.85
na
5.27

na
0.0
0.16
na
na
0.12
0.14
na
1.39

Hangman Creek
Comparison of the data indicate that low-flow conditions in 2002, 2009, and 2010 show a similar gain
and loss pattern along Hangman Creek. This pattern,
shown on Figure 8-2 using the 2009 data from
SCCD, indicates that, except for a small reach near
Tekoa, gaining conditions predominate along Hangman Creek.
Unlike the other years, 2001 data indicate that about
half of Hangman Creek is gaining and half is losing.
A graph of 2001 creek flow and baseflow is shown in
Appendix D (upper graph). 2001 low flow was significantly less than 2002, 2009, and 2010, i.e. the

Note Tributary creek flow indicated in italics
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Groundwater inflow occurred along all reaches except from RM 46.2 to 31. Combined tributary inflow
is 2.3 cfs (no flow observed in Spangle Creek). Total
groundwater inflow along the entire seepage run
length is 9.07 cfs. The reach from RM 4.6 to 0.8,
within the Lower Hangman sub-basin, has the most
significant IRPM; it comprises 8% of the entire seepage run length and 58% of the total groundwater inflow. RM 46.2 to 31, within the Upper Hangman subbasin comprises 33% of the entire seepage run length
and none of the total groundwater inflow. RM 31 to
21, approximately extends the length of the Middle
Hangman sub-basin; it comprises 22% of the entire
seepage run length and 18% of the total groundwater
inflow. RM 21 to 4.6, within the Lower Hangman
sub-basin, comprises 36% of the entire seepage run
length and 24% of the total groundwater inflow.
Tributaries
The following discussion of tributary seepage is
based on 2009 data. Both gaining and losing conditions occur along Rock and California Creeks (Figure 8-2). These creeks exhibit similar low-flow conditions:

cross sections in the MW-3 and Mur2 vicinities) indicate that groundwater levels are above stream bottom elevation. Major ion and stable isotope chemistry
also suggests that groundwater discharges to surface
water (Section 6).
Locally, upward gradients and preferential flow paths
may force some deep groundwater to flow into shallow aquifers, which in turn discharge to creeks.
Water levels in some deep aquifers are lower than
creek bed elevations (Figures 4-3, 4-5, and 4-7), indicating a lack of connection to some creek reaches
in the watershed. However, deep groundwater flows
in the same general direction as Hangman Creek and
ultimately discharges to the Spokane and Columbia
River system.
In the vicinity of MW-5 / Spangle, groundwater in
the shallow, intermediate, and deep aquifers likely
flows west toward WRIA 34, where it may ultimately
discharge to surface water. However, the SCCD has
observed seasonal flow in Spangle Creek during the
winter and spring, suggesting that recharge in the
MW-5 / Spangle / Highway 195 corridor area may
also contribute to Hangman Creek via Spangle Creek.

• Losses in the upper reaches
• Gains the middle to lower reaches within steep
canyons
• Insignificant surface contribution from springs and
tributaries
California Creek has a short losing reach immediately
before its confluence with Hangman Creek, whereas
Rock Creek shows consistent gaining conditions
from the area downstream of Rockford to its confluence with Hangman Creek.

8.2.2 Hydraulic Continuity
Seepage, water level, and geochemical data all indicate a significant degree of hydraulic continuity between the shallow aquifers and surface water. As
noted above, predominantly gaining conditions occur
along Hangman, and parts of California, and Rock
Creeks. Furthermore, monitoring data (shown on

8.3 Alternative Deep Aquifer
Groundwater Emplacement
The above discussion explains the occurrence of old
deep groundwater using a conventional hydrogeologic model of slow recharge rate and a long
groundwater flow path. An alternative explanation,
provided by SCCD, posits that groundwater was emplaced into the deep aquifer by glacial Lake Columbia which occurred during the Wisconsonian glaciation which ended 10,000 years ago. The pressure
from hundreds of feet of lake water would have
pushed water under high hydraulic pressure into subsurface aquifers. Later, when the lake drained the
overlying hydraulic pressure was removed, fractures
may have collapsed causing the groundwater within
the aquifers to be somewhat trapped as fracture permeability decreased.
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8.4 Residence Time
Regardless of whether the deep groundwater is recharged slowly from distant locations, or if it was
emplaced by glacial Lake Columbia, the residence
time of the groundwater in the deep aquifer is very
large. If the groundwater is recharged by the conventional model, the old age indicates that excessive
groundwater development would remove water faster
than it can be replenished. If groundwater in the deep
aquifer was emplaced from glacial Lake Columbia,
then the risk of irreversibly ‘mining’ groundwater
from the deep aquifer is even greater.

where population growth and groundwater development is anticipated:
• The MW-5 area, which includes Spangle and
Highway 195
• The MW-1 area, which includes Rock Creek,
Freeman, and Highway 27
• The MW-6 area, which includes California Creek
and Valleyford
• The Cheney area and other parts of the Marshall
Creek sub-basin
• The Mid to Lower Hangman Creek area

9

Recommendations

This section presents recommendations made that, in
general, address the following:
• Guidance with respect to future groundwater development,
• Concern for impact to existing groundwater users,

For each of these areas, key issues precede the recommendations, which are categorized as “planning”
or “technical.”

9.1 MW-5 Area
9.1.1 Key Issues

• Concern for impact to streamflow, and
• Concern for groundwater and surface water quality.
The limited extent and thickness of the aquifers, the
low recharge rate, and the old groundwater age are
indicators of limited groundwater resources and affect future groundwater development and impact on
existing groundwater users. However, certain areas
may be more amenable to groundwater development
than others. In general, the deep groundwater contributes less to surface flows in Hangman Creek and
its tributaries compared to shallow groundwater. As
such, groundwater development should proceed cautiously and include appropriate decision-making and
monitoring to ensure a sustainable groundwater supply.
Specific recommendations are made below to extend
or refine the hydrogeologic characterization in the
Hangman Creek watershed in five sub-regional areas

Impacts of multi-aquifer wells
Multi-aquifer wells, which are common in WRIA 56,
connect the shallow, intermediate, and deep aquifers
along this corridor. They could potentially “drain”
groundwater from the shallow or uppermost aquifer
to the underlying intermediate and deep aquifers.
Lowering the water level in the shallow aquifer system would:
• Reduce yield from domestic wells that produce
from this aquifer, which is a problem because it is
costly to pump from greater depth, and/or deepen
wells
• Reduce the amount of discharge to creeks
Similarly, if the shallow aquifer becomes contaminated from land use activities, these wells could introduce these contaminants into the intermediate
and/or deep aquifers. The high chloride concentration
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detected at MW-5 demonstrates the vulnerability of
the upper aquifer to land use activities.
Although WAC 173-160-181 explicitly prohibits
multi-aquifer wells, it remains a practical challenge
to install deep seals in this area, because deep seal
construction significantly increases drilling costs.
Aquifer Recharge or Aquifer Storage and Recovery potential
The unsaturated zone above the intermediate aquifer
in the MW-5 area is thick and porous. Combined
with the relatively high transmissivity of the intermediate aquifer, hydrogeologic conditions may be favorable for aquifer recharge (AR) or aquifer storage
and recovery (ASR) of surplus water. However, feasibility of AR/ASR relies on a source of surplus water and favorable economic benefit. A source of surplus water is not currently apparent.
AR could mitigate the impacts of future water rights
and associated groundwater development in WRIA
56 and WRIA 34. Additionally, a properly sited and
seasonally operated recharge facility near Spangle
Creek and/or Courtney Canyon could potentially enhance low flows in Hangman Creek downstream of
the confluence area.
ASR could provide a seasonal water supply for potable or irrigation use, and could be considered if demand warrants.

9.1.2 Recommendations

[3] Conduct workshops to educate land developers,
drillers, and others about the benefits of and regulations for proper wells seals.
[4] Site future industrial and commercial facilities
downgradient and sufficiently far from existing multi-aquifer wells, particularly if a planned facility
could potentially discharge contaminant waste or
spill chemicals.
[5] Identify this area as a potential location for AR or
ASR when planning long-term, regional supply or
mitigation strategies associated with new water rights
in WRIAs 56 and 34.
Technical
[6] Refine the conceptual hydrogeologic model in the
MW-5 area by digitizing pertinent water well reports,
accurately locating wells, and defining the top and
bottom of each aquifer. This information would be
useful to help identify where deep seals are most
needed, to site industrial facilities, and to better define the potential for AR or ASR, as specified in
Recommendations 2–5.
[7] Install a monitoring well in the shallow aquifer
near MW-5 to facilitate long-term, water level monitoring. Alternatively, retrofit an existing (unused or
infrequently pumped) supply in the shallow aquifer
with instrumentation to monitor water levels. At a
minimum, identify and collect monthly or quarterly
manual water level measurements from a shallow
aquifer well.

Planning

9.2 MW-1 and MW-6 Areas

[1] Integrate the management of land and groundwater development along the MW-5 / Spangle / Highway 195 corridor.

9.2.1 Key Issues

[2] Encourage, perhaps using incentives, the installation of deep seals to ensure that new wells produce
water from a single aquifer. One such incentive could
include a requirement that proper well seal design
and verification be part of the land permitting and
development process.

Discontinuous aquifers
Existing wells in the Freeman and Valleyford areas
tend to have low yields and produce water from thin,
discontinuous aquifers. However, sub-regional aquifers of moderate thickness and lateral extent occur
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south of Freeman, near MW-1 and Rock Creek; and
near MW-6 in the Valleyford area.

contributes runoff to MW-1 and Ochlare Creek (see
Recommendation 11).

Impacts of future exempt wells

Technical

Water withdrawals from exempt wells associated
with substantial population growth in the Freeman
and Valleyford areas could impact flows in Rock,
California, and Hangman Creeks. The location, magnitude, and timing of such impacts would depend on
the specifics of how much and where future development occurs.

[10] [a]Refine the conceptual hydrogeologic model in
the Freeman and Valleyford areas by digitizing pertinent water well reports, accurately locating wells, and
defining the top, bottom, and lateral extent of the subregional aquifer. Surficial mapping of geology and
features such as springs and wetlands would improve
understanding about the occurrence and movement of
groundwater.[b]Evaluate sustainable yield from the
sub-regional aquifer based on aquifer dimensions,
recharge rates from age-dating, hydraulic parameter
estimates, and projected population growth.
[c]Expand continuous monitoring of groundwater
withdrawals and water levels (shallow and deep aquifers) to the Valleyford and Freeman areas to validate
or revise sustainable yield estimates. [d] Conduct a
water demand forecast and supply feasibility study to
examine the options for future water supply in the
Freeman area.

High nitrate concentrations (only applies to MW-1
area)
The nitrate concentration in the shallow aquifer at
MW-1 near Rock Creek is 8.74 mg/L — significantly
higher than natural concentrations — indicating the
impacts of land use activities in the upgradient area
towards Highway 27. The maximum contaminant
level (MCL) for nitrate in groundwater is 10 mg-N/L.
It is likely that the shallow aquifer at MW-1 is hydraulically connected to adjacent Ochlare Creek and
nearby Rock Creek.

9.2.2 Recommendations
Planning
[8] Identify specifically where exempt well withdrawals are expected in the Freeman and Valleyford
areas and how this would impact both long-term aquifer yield and creek flows. Guide future groundwater development in ways that meet the water supply
needs of the community and minimize impacts on
existing well users and priority creek reaches / key
aquatic habitats (see Recommendation 10).

This work will support sustainable groundwater development (Recommendation 8)
[11] (Only applies to MW-1 area)
Because follow up sampling for nitrate in the shallow
aquifer at MW-1 is not possible, seasonal sampling
and analysis of nitrate from nearby Ochlare Creek is
recommended (based on the presumed hydraulic
connection) to identify if upgradient land use activities impact creek and shallow groundwater quality.
Define the area that drains to Ochlare Creek (adjacent
to site MW-1) and contributes surface water runoff to
the MW-1 vicinity. Work with landowners in this
area to reduce nitrogen compounds in run-off.

[9] (Only applies to MW-1 area)
If elevated nitrate occurs in Ochlare Creek, then
landowner education may be warranted about practices that contribute nitrate to runoff. Alternatives
that would reduce nitrate concentration should be
offered. Focus these education efforts in the area that
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9.3 Cheney Area and Marshall Creek
Sub-basin

isting, unused production wells with transducer/dataloggers is a reasonable alternative.

9.3.1 Key Issue

[16] Constructing and monitoring shallow wells or
configuring existing unused shallow supply wells
would provide data on how withdrawals in the Cheney area affect shallow groundwater that supplies
domestic needs and locally feed Marshall Creek.

The subsurface geometry and water yield and storage
properties of the “granite” basement rock in the Cheney area may limit the quantities of groundwater that
can be sustainably pumped from basalt, sand, and
basement-rock aquifers. As demand for water grows
in the Cheney and surrounding area, there is potential
for large water purveyors and nearby domestic wells
to experience declines in well yields.

9.3.2 Recommendations

[17] Geochemical, isotope, and age-dating sampling
and analysis for select Cheney area wells would also
shed light on the question of long-term sustainable
groundwater supply in the Marshall Creek sub-basin
and adjacent areas.

9.4 Middle and Lower Hangman
Creek Sub-basins

Planning
[12] Cheney area water purveyors should collect and
analyze the appropriate water resource data so that
planners can understand how to best supply water to
current and future population.
Technical
[13] Comprehensive monitoring of pumped volumes
and water levels should be conducted by the major
water purveyors in the Cheney area, if such data are
not currently being collected. Ideally, pumping and
water level data should be collected at high frequencies using pressure transducers and flow sensor connected to data logging devices. Water levels should
be measured both in pumping wells and dedicated
monitoring wells. Locally collected barometric and
precipitation data would add value to understanding
short- and long-term groundwater level trends.
[14] The data collected in [13] should be reviewed
and analyzed, annually, to discern trends and project
future conditions.
[15] Because City of Cheney supply wells are very
deep, it may not be feasible to construct very deep
dedicated monitoring wells. However, equipping ex-

9.4.1 Key Issue
The subsurface connection between middle and lower
Hangman Creek sub-basins is poorly understood.
Researchers have postulated that a hydraulic connection may occur in the subsurface via a fault oriented
along the trace of the Hangman Creek. Furthermore,
if such a fault exists, it remains unknown whether or
not it cross-cuts the east-west trending “granite” ridge
and serves as a flow path for groundwater to move
from the middle to lower Hangman Creek sub-basin.
Groundwater age from a deep well in the Lower
Hangman Creek sub-basin that is older than Mur2
would suggest that deep groundwater moves downgradient from the Middle to Lower Hangman Creek
sub-basin. An age significantly younger than Mur2
would suggest that groundwater may discharge from
the Marshall and California Creek sub-basins and that
appreciable water does not move downgradient from
the Middle Hangman Creek sub-basin through the
granite ridge into the Lower Hangman sub-basin. If
deep groundwater is impeded from moving into the
Lower Hangman sub-basin by the granite ridge, it
may move west, into WRIA 34.

34

HANGMAN CREEK HYDROGEOLOGIC STUDY
SPOKANE COUNTY CONSERVATION DISTRICT

9.4.2 Recommendation
Technical
[18] A deep well in the Lower Hangman Creek subbasin should be sampled and analyzed for 14C.
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Table 6-3. Summary of Water Quality Data for Groundwater Samples from 2010 Sampling
Location Description: MW1-S

MW1-D

MW2-S

MW2-D

Mur2-S

Mur2-D

MW3-S

MW3-D

MW4-S MW5-S MW5-M MW5-vD MW6-S MW6-D

Sample Name: BH1_55 MW1_137 BH2_138 MW2_276 Mur2_145 Mur2_188 BH3_67 MW3_195 MW4_76 BH5_85 BH5_355 BH5_501 BH6_79 MW6-224
Constituent
Units
Field
Conductivity, field

umhos/c

Odor

443

306

334

258

349

350

365

269

275

1565

227

236

281

365

None

None

None

None

None

None

None

None

None

None

slig

None

0

0

6

1<

4.5

1<

1<

4

1<

1<

3

0.5<

0.5<

3.75

0.025

Oxygen, Dissolved

mg/l

pH field

std. units

6.91

7.65

7.35

7.65

8.68

8.63

7.17

8

7.92

6.41

7.87

8.04

7.03

7.14

Temperature

deg C

12.3

11.7

11

14.1

14

14.1

11.1

11.7

9.9

11.2

15.1

15.9

14.8

9.8

mg/l

289

195

184

178

174

202

188

183

166

927

200

166

76

264

Physical
TDS

Isotopes
Carbon-13

permil

-16.1

-14.2

-15.8

-15.2

-19.6

-15.6

-18.4

-15.7

Carbon-14, fmc

fmc

0.1598

0.1461

0.5536

0.1223

0.857

0.3849

0.7066

0.4816

Carbon-14, years

years

14730

15450

4750

16880

1240

7670

2790

5870

Deuterium

permil

-113.61

-128.2

-121.93

-123.8

-128

-128.4

-115.5

-132.9

-131.9

-114.3

-120.4

-120.2

-121.4

-123.1

Oxygen-18

permil

-14.55

-16.1

-15.66

-15.9

-16.2

-16.1

-14.5

-17.1

-17.3

-14.6

-15.4

-15.4

-15.7

-15.8

Tritium

TU

0.03+/- 0.09

-0.03+/- 0.09

2.99+/- 0.10 0.08+/- 0.09

4.87+/- 0.16

0.03+/- 0.09 0+/- 0.09

0.12+/- 0.09

Trace Metals
Dissolved Iron

mg/L

0.0419

0.141

5.71

0.01

0.152

0.0858

0.0175

0.114

0.0634

0.01

0.0307

0.0663

7.74

0.0393

Dissolved Manganese

mg/L

0.00533

0.0218

0.127

0.0663

0.0281

0.0301

0.015

0.0365

0.0542

0.0041

0.0483

0.0106

0.407

0.119

Bicarbonate (as CaCO3 mg/L

181

143.5

155

130

173

175

121

122

130

61.5

112

120

138

151

Chloride

mg/L

1.82

2.55

3.04

2.14

2.66

2.71

2.8

2.69

2.7

437

1.47

0.907

1.14

18.9

Dissolved Calcium

mg/L

59

19.7

35.1

18.7

16.9

16.8

29.7

17

17.7

164

20.6

18.8

28.5

33.4

Dissolved Magnesium

mg/L

18.2

17.8

16.8

9.87

10.1

9.67

13.8

10.7

10.7

43.1

10.6

9.18

10.7

11.9

Dissolved Potassium

mg/L

3.72

3.4

3.31

2.96

3.43

3.31

2.4

3.16

3.19

2.68

1.47

1.49

3.34

5.31

Dissolved Sodium

mg/L

11.2

17.4

13.5

18.4

39.4

39.1

14.4

18.5

18.5

13.1

13.3

13.1

14.2

20.6

NH3-N

mg/L as

0.11

0.116

0.168

0.0977

0.174

0.188

0.05

0.156

0.144

0.05

0.0822

0.0743

0.0863

0.533

NO3-N

mg/L as

8.74

0.1

0.1H2

0.1

0.1

0.1

5.41

0.1

0.1

0.574

0.1U

0.1

0.1ND

0.1ND

Sulfate

mg/L

12.8

8.09

14

4.79

0.1

0.1

32.2

3.66

3.95

8.76

10.1

3.61

2.11

21.9

Routine Constituents
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Table 6-4. Summary of Water Quality Data for Surface Water Samples, Low Flow 2010

Location Description:
Constituent

USGS
Gage
site

Sample Name:

HC.8

HC
HC
upstream downstream
Marshall Ck
Calif. Ck
HC4.6

HC18

HC
upstream
Rock Ck

HC near
MW-2

HC at
Latah

Marshall
Ck

California
Ck

HC21

HC31

HC46

MC5

CC1

Rock
Ck
RC.4

duplicate
Dup 1

NX211

Field
Temperature

deg C

16.5

18.5

16.6

16.7

13.7

13.8

14.2

13.4

17.4

pH field

std. units

8.7

8.68

8.81

8.75

8.39

8.5

8.61

8.61

8.07

Oxygen, Dissolved

mg/l

7.56

5.82

7.15

5.82

5.59

4.58

6.93

5.26

6.78

Conductivity, field

umhos/c

401

367

259

240

233

232

252

288

236

mg/l

284

248

116

156

146

149

126

177

156

Oxygen-18

permil

-13.8

-13.3

-13.6

-13.4

-11.5

-11.9

-14.4

-14.8

-13.4

Deuterium

permil

-112

-106.6

-109.2

-107.5

-91.5

-96.3

-114.2

-116.1

-110.6

Physical
TDS

166

200

Isotopes

Routine Constituents
Sulfate

mg/L

17.7

16.3

4.97

5.19

7.32

8.06

9.7

7.32

4.24

5.32

4.94

NO3-N

mg/L as

0.738

0.1U

0.1U

0.1U

0.1U

0.1U

1.03

0.72

0.1U

0.1U

0.1U

Dissolved Sodium

mg/L

13.4

13.7

14.8

16.2

14.8

15.6

10.7

10.7

13.4

14.7

14.7

Dissolved Potassium

mg/L

4.27

3.82

3.25

3.12

2.42

2.26

4.44

3.17

3.67

3.19

3.23

Dissolved Magnesium

mg/L

15.5

14.6

9.94

9.86

8.76

8.74

9.2

9.63

11

9.9

9.84

Dissolved Calcium

mg/L

48.4

43.4

25.8

21.9

21.4

20.5

25.8

32.6

21.6

25.4

25.4

Chloride

mg/L

17.9

11.4

3.68

3.96

6.6

6.11

9.4

5.59

3.53

3.67

3.5

Bicarbonate (as CaCO3)

mg/L

157

169

123

112

102

101

102

126

103

122

126
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Table 6-5.
Calculated Ion Balance Error for Groundwater and Surface Water Samples
Units below reported in equivalents per liter
Sample
Name

Potassium Magnesium

Sodium

Calcium Chloride Bicarbonate

Sulfate

NO3-N

Ion Balance

Groundwater Sampling
BH2_138

0.085

1.400

0.614

1.755

-0.087

-3.100

-0.292

0.000

5.114

BH3-67

0.062

1.150

0.655

1.485

-0.080

-2.420

-0.671

-0.386

-2.984

BH5_501

0.038

0.765

0.595

0.940

-0.026

-2.400

-0.075

0.000

-3.357

BH5_85

0.069

3.592

0.595

8.200

-12.486

-1.230

-0.183

-0.041

-5.620

BH6-78

0.086

0.892

0.645

1.425

-0.033

-2.760

-0.044

0.000

3.590

BHI_55

0.095

1.517

0.509

2.950

-0.052

-3.620

-0.267

-0.624

5.275

MUR2_145

0.088

0.842

1.791

0.845

-0.076

-3.460

0.000

0.000

0.416

MUR2_188

0.085

0.806

1.777

0.840

-0.077

-3.500

0.000

0.000

-0.980

MW1_137

0.087

1.483

0.791

0.985

-0.073

-2.870

-0.169

0.000

3.639

MW2_276

0.076

0.823

0.836

0.935

-0.061

-2.600

-0.100

0.000

-1.679

MW3_195

0.081

0.892

0.841

0.850

-0.077

-2.440

-0.076

0.000

1.341

MW4_76

0.082

0.892

0.841

0.885

-0.077

-2.600

-0.082

0.000

-1.100

MW5_355

0.038

0.883

0.605

1.030

-0.042

-2.240

-0.210

0.000

1.251

MW6_224

0.136

0.992

0.936

1.670

-0.540

-3.020

-0.456

0.000

-3.639

Surface Water Sampling
CC.1

0.081

0.803

0.486

1.630

-0.160

-2.520

-0.153
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1.980

DUP-1

0.082
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0.000

3.441

HC.8

0.109

1.292
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HC18
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0.828
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1.290
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-2.460
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0.000

3.711

HC21

0.080
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-2.240
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0.000

5.232

HC31
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HC4.6

0.098
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-0.326
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0.000
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HC46

0.058

0.728
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1.025

-0.175

-2.020

-0.168

0.000

3.233

MC.5

0.114

0.767

0.486

1.290

-0.269

-2.040

-0.202

-0.074

1.386

NX211

0.083

0.820

0.668

1.270

-0.100

-2.520

-0.103

0.000

2.122

RC.4

0.094

0.917

0.609

1.080

-0.101

-2.060

-0.088

0.000

9.106

Constituent values given in milliequivalents (milligrams per liter / milligrams per milliequivalent).
Friday, April 29, 2011
Positive value indicates cation, negative value indicates anion.
Ion Balance = [(sum of cations - sum of anions) / (sum of cations + sum of anions)]*100,
where anions and cations are in milliequivalents

Hangman Creek Hydrogeologic Study
Spokane County Conservation District

59
52

55
54
53

Idaho

Washington

58

57

56

d:\projects\Hangman_SCCD\GIS\mxds\For Report\Final\Figure 2-1 Regional Map2; april 26, 2011

43

34
41

Explanation

Figure 2-1

36

Hangman Creek Watershed
WRIA Boundary and number, varied by color
Major Rivers of the Columbia R. System
Rivers

33County Boundary
0 3.5 7

14

21
32

28
Miles

±

35

Hangman Creek Watershed
(WRIA 56), other Watersheds,
and Rivers

Hangman Creek Hydrogeologic Study
Spokane County Conservation District

e
f
f
e

f
e

290

HC.8

"

f
e

290
002

090

To Spokane

002

f
e

" Lower

902

$

MW-6#

Marshall Ck

LE
NG

MW-5#
195

M

IC

$

RO C

&"

RO C

f
e

K CR

EEK

$

RO
C

*B

Fairfield

K

CR

,S

FK

R

CR

NC

N PI

R

NE C

EC

NG

MA

MW-3
HC46
MW-4#$
"

TLE

HA

Spokane County

f
$e

L IT

Whitman County

274

Tekoa

L
CK

PI
N

RO

D:\projects\HangmanCreek_SCCD\GIS\mxds\ForReport\Figure 2-2 wells and subbasins.mxd, 3/1/2011

N FK

ROCK CR

HC31

MW-2
ERS

CR

278

$
Spangle

SA N D

A

MW-1&

Middle
Hangman Ck

f
e

K CR

Cheney

R

Rock Ck

HC21

SPA

MA

RS

$

AC

Freeman

CR

CR
HA

904

"" Mur2
&"RC.4
"

RN I

$

HC18.2CC.1

LL

f
e

CA

O
LIF

LAKE CR

Hangman Ck

Marshall

PI N

Washington
Idaho

HC4.6

MC.5"

E

f
e

C

271

f
e

f
e

023

027

Legend
"

2010 Surface Sample Sites

#

Phase 2 & 3 Monitoring Wells

&

Phase 1 Monitoring Wells

$

Town
Highways
Streams
County

0

5

±

10
Miles

Figure 2-2
Monitoring Well Locations,
Surface Water Sample Sites,
and Watershed Sub-basins

Hangman Creek Hydrogeologic Study
Spokane County Conservation District

A'

f
e

To Spokane

"

002

"
" E', D' """
Lower "
Hangman
#" Ck
"

"

#

MA

"

C

CR
LE
NG

"

L

IF

"
"

Mur2

"
&

"

IA

CR

f
e
027

#

"

$"
MW-1
"
""

"
" #MW-5
"
Middle
"195
Hangman Ck

f
e

"

RO C K

" Rockford
"

CREE
K

RO C K C

#

N FK

R

E

"

MW-2

D

&

$
"

Fairfield

RO

Wells with accurate WDOE location

CK

CR

,S

FK

SANDERS CR

"

Wells with location from PID or address

#

WellsRwith
no WDOE location info
O
CK

CR

PINE C

"

*B
INE

CR
Section Alignments

"

Phase 3 Monitoring well

#

Phase 2 Monitoring Wells

NP

D:\projects\HangmanCreek_SCCD\GIS\mxds\ForReport\Figure 4-1 wells and alignments2.mxd, 3/1/11

"

"
#
"
" $

$

Spangle

B'

"

&

"

"

"

C'

"

Freeman
Rock "
Ck

"

SPA

B

CA

N
OR

R

"
"

"

NC

#

"$

Cheney
"

#

"

NG

#

MW-6
HA

"

"#

CR

A LL C R

"

"

#
#

#

Marshall Ck
"

"

"

MIC A

#

MA R SH

$

""

Idaho

090

LAKE CR

f
e

Washington

#

&

Phase 1 Monitoring Wells

$

Town
Highways Whitman County
Streams
0

PINE C

4

±
8
Miles

Figure 4-1
Cross-Section Alignments and
Wells on Cross-Sections

Hangman Creek Hydrogeologic Study
Spokane County Conservation District

MW-4

#$

Spokane County

MW-3Latah
"

$

"
Tekoa

A

-110

Deuterium, permil

-115

-120

-125

-130
-17

-16

Oxygen-18, permil

-15

-14

Figure 4-2
Key to Lithology in Hydrogeologic
Cross Sections

Hangman Creek Hydrogeologic Study
Spokane County Conservation District

West

East

472796 (49.3)

149978 (-31.2)

155444 (-92.0)

150675 (-28.0)

Rock Creek
503178 (-5.6)

459373 (12.1)

594184 (86.3)

157361 (25.8)

369109 (-88.8)

E-E'

A-A' Hangman Cr
flowing
artesian
well

151633 (22.0)

159111 (-15.5)

149261 (15.7)

MW-5 (-39.8)

154253 (-19.8)

2100

B'

DRY

DRY

1800

0

10000

Explanation
Bedrock
Basalt where not
indicated otherwise

20000

Well Log
Description*

SAND
Hard Basalt

Glacial deposits

CLAY

Groundwater flow
direction

40000

(# = Feet from
section trace)

Fractured
Basalt

Latah Formation
top or bottom

Aquifer

30000
Well
Log
ID (#)

d:\projects\Hangman (SCCD)\Viewlog\crosssections\finalAlignments\B-B', 2/9/2011

Elevation, feet msl
2400

2700

D-D'

3000

B

Water Level

Screen or
perforations

Granite

* See Figure 4-2 for complete key to lithology

50000
60000
Section Distance, in feet

70000

80000

90000

Location information
coded by Well ID color:
182422 confirmed to be
same as location
in WDOE database

Figure 4-4.
Hydrogeologic Section B-B'

153000 different from WDOE,
based on address
or Parcel ID # (PID)
585737 no address or PID,
no location
confirmation
MW-1 Installed for project

Hangman Creek Hydrogeologic Study
Spokane County Conservation District

100000

308608 (-17.5)

151780 (19.7)

418101 (3.6)

152822 (2.2)

E-E'
149864 (-29.0)

152010 (23.3)

155131 (17.8)

A-A'

150290 (31.2)

154306 (-14.3)

D-D'
149664 (5.0)

160253 (1.6)

408240 (-2.8)

295519 (15.8)

362144 (4.7)

179764 (-3.3)

178251 (-12.9)
417841 (-4.0)

178257 (37.6)

2500
500
0

20000

Explanation

40000

Basalt where not
indicated otherwise
Bedrock
Latah Formation
top or bottom
Glacial deposits
Aquifer

60000

Well Log
Description*
Well
Log
ID (#)

d:\projects\Hangman (SCCD)\Viewlog\crosssections\finalAlignments\C-C', 3/1/2011

1000

Elevation, feet msl
1500
2000

California Cr.

C'
Hangman Cr.

C
Marshall Cr.

East

3000

3500

West

(# = Feet from
section trace)

Fractured
Basalt
SAND

Granite

Location information
coded by Well ID color:
182422 confirmed to be
same as location
in WDOE database

Water Level

153000 different from WDOE,
based on address
or Parcel ID # (PID)

Screen or
perforations

585737 no address or PID,
no location
confirmation

Hard Basalt
CLAY

80000
100000
Section Distance, feet

MW-1

Groundwater flow
* See Figure 4-2 for complete key to lithology
direction

Installed
for project

120000

Figure 4-5
Hydrogeologic
Cross Section C-C'

Hangman Creek
Hydrogeologic Study
Spokane County
Conservation District

140000

3300

C-C'

3000

South

1500

DRY

0

10000

Explanation

20000

Well Log
Description*
Well
Log
ID (#)

1200

d:\projects\Hangman (SCCD)\Viewlog\crosssections\finalAlignments\D-D', 5/31/2011

1800

153106 (-97.3)

153573 (11.8)

A-A', E-E'

416221 (-75.5)

385125 (52.4)

D'

156226 (-109.1)

149664 (-116.3)

152893 (109.7)

494510 (-99.7)

150426 (-76.2)

Elevation, feet msl
2100
2400

185888 (-117.5)

2700

D

MW-5 (87.7)

B-B'

North

Bedrock
Basalt where not
indicated otherwise
Latah Formation
top or bottom
Glacial deposits

(# = Feet from
section trace)

182422 confirmed to be
same as location
in WDOE database

Water Level

153000 different from WDOE,
based on address
or Parcel ID # (PID)

Screen or
perforations

585737 no address or PID,
no location
confirmation

60000

Aquifer
Granite

MW-1

* See Figure 4-2 for complete key to lithology

Installed
for project

70000

Figure 4-6
Hydrogeologic Cross
Section D-D'

Hard Basalt
CLAY

Groundwater flow
direction

Location information
coded by Well ID color:

Fractured
Basalt
SAND

30000
40000
50000
Section Distance, feet

Hangman Creek
Hydrogeologic Study
Spokane County
Conservation District

155322 (-32.9)
157648 (41.4)

Elevation
2100

WLE
in upper
aquifer

1800

153106 (53.8)

DRY

Hangman Creek

381911 (-6.1)

A-A', D-D'

149892 (-67.1)

408136 (58.6)

454302 (54.1)

153000 (55.5)

MW-6 (-3.7)

California Creek

E'

MW-1 (105.6)

159538 (-159.8)

Rock Creek

619655 (-34.5)

Rock Creek

Northwest

1500

DRY
25000

50000

75000

100000

Section Distance

Explanation
Basalt where not
indicated otherwise
Bedrock

Latah Formation
top or bottom
Glacial deposits
Aquifer
Groundwater flow
direction

Well Log
Description*

Well
Log
ID (#)

d:\projects\Hangman (SCCD)\Viewlog\crosssections\finalAlignments\E-E', 5/31/2011

149864 (51.7)

C-C'

B-B'
594184 (114.3)

182422 (88.3)

565737 (12.7)

3000

E

2400

2700

Southeast

(# = Feet from
section trace)

Fractured
Basalt
SAND

Water Level

Hard Basalt
CLAY

Screen or
perforations

Granite

* See Figure 4-2 for complete key to lithology

Location information
coded by Well ID color:
182422 confirmed to be
same as location
in WDOE database

Figure 4-7.
Hydrogeologic Section E-E'

153000 different from WDOE,
based on address
or Parcel ID # (PID)
585737 no address or PID,
no location
confirmation
MW-1 Installed for project

Hangman Creek Hydrogeologic Study
Spokane County Conservation District

0

2

Drawdown (feet, below static water level)

D:\Projects\Hangman Creek _ SCCD\Pumping Tests\Analysis\MW1&2\MW1.xls, v 4/30/2011

4

6

8
Drawdown, Q = 1.3 gpm

10

12
Recovery

14

16
1

10

100

Time (minutes, after pumping started) or T/T' (recovery)

Static Water Level: 12 feet below measuring point
Measuring Point: 2.25 feet above ground
Pumping Period: 08:00 to 10:47 (107 minutes), Apri 21, 2010
Pumping Rate (Q): 1.3 gallons per minute

Figure 5-1
MW-1 Drawdown
Test Depth Interval 20 - 45
Hangman Creek Hydrogeologic Study
Spokanne County Conservation District
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Static Water Level: 24.24 feet below measuring point
Measuring Point: 1.5 feet above ground
Pumping Period: 10:45 to 12:56 (191 minutes), May 12, 2010
Pumping Rate (Q): 1.5 and 4.4 gallons per minute

Figure 5-2
MW-1 Drawdown
Test Depth Interval 125 - 140
Hangman Creek Hydrogeologic Study
Spokanne County Conservation District
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Static Water Level: 117.51 feet below measuring point
Measuring Point: 2.75 feet above ground
Pumping Period: 09:50 to 10:12 (22 minutes), Apri 28, 2010
Pumping Rate (Q): 0.5 gallon per minute

Figure 5-3
MW-2 Drawdown
Test Depth Interval 123 - 145
Hangman Creek Hydrogeologic Study
Spokanne County Conservation District
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Static Water Level: 187.57 feet below measuring point
Measuring Point: 0.17 feet below ground
Pumping Period: 14:21 to 16:20 (119 minutes), May 11, 2010
Pumping Rate (Q): 1.9 and 3.1 gallons per minute

Figure 5-4
MW-2 Drawdown
Test Depth Interval 265 - 285
Hangman Creek Hydrogeologic Study
Spokanne County Conservation District
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Static Water Level: 13.48 feet above measuring point
Measuring Point: 2.54 feet above ground
Pumping Period: 09:10 to 13:25 (255 minutes), June 22, 2010
Pumping Rate (Q): 25 gallons per minute

Figure 5-5
MW-3 Drawdown
Test Depth Interval 12 - 40
Hangman Creek Hydrogeologic Study
Spokanne County Conservation District
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Time (minutes, after pumping started)

Static Water Level: 10.69 feet above measuring point
Measuring Point: 1.7 feet above ground

MW-3 to MW-4 is 15 ft
MW-3 Test Interval 170 - 195 ft
MW-4 Interval 70 - 76 ft

Pumping Period: 09:40 to 11:55 (135 minutes), June 22, 2010
Pumping Rate (Q): 4.8 gpm and 1.9 gpm + flow over top of 2-inch casing

Figure 5-6
MW-4 Hydrograph During MW-3 Test
Hangman Creek Hydrogeologic Study
Spokanne County Conservation District
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Static Water Level: 10.63 feet above measuring point
Measuring Point: 1.7 feet above ground
Pumping Period: 13:50 to 15:24 (94 minutes), June 22, 2010
Pumping Rate (Q): 2.7 gpm and 3.6 gpm

Figure 5-7
MW-4 Drawdown
Test Depth Interval 70 - 76
Hangman Creek Hydrogeologic Study
Spokanne County Conservation District
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Static Water Level: 26.685 feet above measuring point
Measuring Point: 2.52 feet above ground
Pumping Period: 09:55 to 13:06 (191 minutes), June 2, 2010
Pumping Rate (Q): 20 gallons per minute

Figure 5-8
MW-5 Drawdown
Test Depth Interval 52 - 78
Hangman Creek Hydrogeologic Study
Spokanne County Conservation District
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Static Water Level: 275.50 feet below measuring point
Measuring Point: 2.04 feet above ground
Pumping Period: 12:45 to 14:18:30 (93.5 minutes), August 13, 2010
Pumping Rate (Q): 17 gpm

Figure 5-9
MW-5 Drawdown
Test Depth Interval 305 - 355
Hangman Creek Hydrogeologic Study
Spokanne County Conservation District
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Static Water Level: 277.24 feet above measuring point
Measuring Point: 5 feet above ground
Pumping Period: 11:05 to 14:48 (223 minutes), June 15, 2010
Pumping Rate (Q): 25 gpm and 37.5 gpm

Figure 5-10
MW-5 Drawdown
Test Depth Interval 483 - 493
Hangman Creek Hydrogeologic Study
Spokanne County Conservation District

10,000

0

Q = 0.75 gpm

Drawdown (feet, below static water level)

D:\Projects\Hangman Creek _ SCCD\Pumping Tests\Analysis\MW6\MW6.xls v 4/30/2011

5

10

Q = 0.5 gpm

15

20

25
1

10

100

Time (minutes, after pumping started) or T/T' (recovery)

Static Water Level: 55.18 feet above measuring point
Measuring Point: 6 feet above ground
Pumping Period: 12:40 to 14:51 (131 minutes), December 1, 2010
Pumping Rate (Q): 0.75 and 0.5 gallons per minute

Figure 5-11
MW-6 Drawdown
Test Depth Interval 49 - 73
Hangman Creek Hydrogeologic Study
Spokanne County Conservation District
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Static Water Level: 91.19 feet above measuring point
Measuring Point: 2.63 feet above ground
Pumping Period: 14:54 to 16:26 (92 minutes), December 17, 2010
Pumping Rate (Q): 2.2 and 3.8 gallons per minute

Figure 5-12
MW-6 Drawdown
Test Depth Interval 208 - 231
Hangman Creek Hydrogeologic Study
Spokanne County Conservation District
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Figure 5-13
Mur2 Drawdown
Test Depth 145
Hangman Creek Hydrogeologic Study
Spokanne County Conservation District
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Static Water Level: 50.8 feet (22 psi) above measuring point
Measuring Point: Top of 6-inch casing
Pumping Period: 11:31 to 12:04 (33 minutes), May 6, 2010
Pumping Rate (Q): 5.2 gallons per minute + flow over top of 6-inch casing

Figure 5-14
Mur2 Drawdown
Test Depth 188
Hangman Creek Hydrogeologic Study
Spokanne County Conservation District
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Spokane County Conservation District
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Appendix A.

Water level hydrographs for new monitoring wells (Rick Noll, email, April 27, 2011).
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Appendix B. Wells Included on Hydrogeologic Cross Sections
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LSE, feet
msl

Section

Well Log ID

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

178365
186371
99904
173652
253429
179516
99903
182141
151633
385290
151539
154306
157495
156451
616760
151991
153106
158341
152263

CITY OF TEKOA
WALTER RAMM
MW-3
TOWN OF WAVERLY
PAUL KETTNER
DWANE W. SCHEELE
MW-2
JOHN GILBERT
DICK FLOWERS
LAMONT MURDOCH
DENNIS KUKUK
JEFF & CAROLYN GAY
PETER DIX
MARY JANE STANTON
Mike Shadduck Latah Properties LLC
DOUGLAS SCHNEIDER
GEORGE CHICHA
ROBERT ROY YEAGER
EDWARD FIELDS

1400
360
76
245
475
400
195
367
100
200
360
860
600
570
590
435
380
445
340

2503
2572
2453
2368
2539
2522
2257
2322
1932
1995
2184
2230
2162
2158
1991
1955
1879
2053
2266

B
B
B
B
B
B
B
B
B
B
B
B
B
B

154535
99906
149261
159111
151633
369109
157361
594184
459373
503178
150675
155444
149978
472796

JIM BARKER
MW-5
AL HUBER
STEVE BARRETT
DICK FLOWERS
PATRICK FERGEN
PAUL DASHIELL
Chapel Valley LLC
PAUL DASHIELL
CITY OF ROCKFORD
CITY OF ROCKFORD
KEN WIGEN
BOB BJORNSTAD
JOHN GRANDINETTI

385
501
310
460
100
560
330
500
380
330
375
390
360
310

2391
2430
2460
2388
1932
2614
2503
2621
2490
2348
2519
2585
2512
2575

C
C
C
C
C
C
C

178257
178251
417841
179764
362144
295519
408240

CITY OF CHENEY
CITY OF CHENEY
EASTERN WA UNIVERSITY
ELDON/NITIA PEDERSON
DON CREAGER JR
ROBERT SNODDY
CHRALES PIERCE

2134
2136
839
430
320
665
400

2385
2427
2421
2266
2385
2276
2332
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Well
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LSE, feet
msl

Section

Well Log ID

C
C
C
C
C
C
C
C
C
C
C

160253
149664
150290
154306
155131
152010
149864
152822
418101
151780
308608

WAYNE MC KNIGHT
BERT LOUCKS
CARL BLOWER
JEFF & CAROLYN GAY
JOHN SMITH
DR. IAN NAPIER
BOB BENSON
FREEMAN SCHOOL DISTRICT #358
CHUCK LAMPHIER
DON LEWIS
JOHN HINDMAN

400
360
385
860
365
320
360
375
380
303
600

2319
2539
1945
2230
2358
2244
2594
2565
2811
2627
2696

D
D
D
D
D
D
D
D
D
D
D

185888
150426
99906
494510
152893
149664
156226
416221
153573
151991
153106

TOWN OF SPANGLE
CHADWICK BAXTER
MW-5
NICK BUNN
GARY ANDERBERG
BERT LOUCKS
M. PAUL BUDGE
PETER VASILENKO
HAROLD HAUER
DOUGLAS SCHNEIDER
GEORGE CHICHA

566
480
501
380
505
360
405
400
420
435
380

2424
2427
2430
2388
2417
2539
2352
2276
1988
1955
1879

E
E
E
E
E
E
E
E
E
E
E
E
E
E

153106
565737
182422
594184
99901
619655
159538
149864
454302
153000
408136
149892
381911
155322

GEORGE CHICHA
Greg Hart
KENNETH B. HERSCHEL
Chapel Valley LLC
MW-1
JAMES & ALYSSA ROIBAL
TIM SCHMIDT
BOB BENSON
FRANK HONOROF
GARY OWENS
DAVID AND LISA SPRINGER
BOB GOERTZ
DAN SHERFEY
KATHY STREETER

380
520
420
500
155
360
370
360
505
520
840
460
600
477

1879
2545
2555
2621
2207
2408
2427
2594
2581
2555
2676
2716
2490
2214

E

157648

R. J. SMITH

395

2194

E

153106

GEORGE CHICHA

380

1879
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Appendix C.
Carbon-14 Age Adjustment
Discussion

1

Introduction

2

Age Calculation

Groundwater age is calculated using the decay function (Clark and Fritz, 1997):
Age, in years = (-λ/0.693)*ln[a14Cw/(q*a14Catm)]
Where:
•
•

Carbon-14 occurs naturally and is created in the uppermost part of the earth’s atmosphere as a result of
the interaction between cosmic rays and nitrogen.

•
•

As groundwater infiltrates through soil, carbon dioxide in the soil gas equilibrates with the water and the
water gains dissolved carbon dioxide. In this process,
the water gains 14C from the soil gas. If the 14C
gained in the soils remains with the groundwater
along the flow path, without subsequent dilution, its
decay can be used as a measure of age. It is rarely the
case that dilution or loss of 14C by geochemical reactions does not occur, and therefore geochemical reactions may need to be considered (Clark and Fritz,
1997).
Because 14C undergoes exponential decay, a 14Cdetermined age of a mixed groundwater sample does
not represent a mean age of the sample, and in the
absence of supplemental data from other dating tools,
identification of components of different age may not
be possible. These limitations result in 14Cdetermined ages, or apparent age, that only approximate the true age, actual age, of the water. Thus, a
14
C-determined age should be considered a model age
or apparent age. The term apparent age implies that
there are uncertainties associated with the age determination.
Geochemical reactions that cause 14C to be diluted or
lost could cause the apparent age to be less than the
actual. In such cases, apparent age can be adjusted to
account for these reactions. If the geochemical reaction is by carbonate dissolution, apparent age would
be less than actual age and could be adjusted using a
mixing model (discussed below).

a14Cw = activity of 14C in groundwater sample
a14Catm = activity of 14C in atmosphere at the time
of infiltration
λ = half-life of 14C (Libby half-life = 5568, Cambridge half-life = 5730)
q = dilution factor, calculated using an appropriate adjustment equation

Beta Analytic reports sample results as both percent
modern carbon and age, using the Libby half-life.
These results are unadjusted and use a dilution factor,
q, of 1. Unadjusted age is the apparent age of the
groundwater.

3

Adjusting Apparent
Groundwater Age

Many geochemical models have been developed to
account for carbon mass transfer along the groundwater flow path and the resultant 14C concentrations in
groundwater. Procedures and equations have been
developed to calculate the dilution factor, q. The δ13C
of the dissolved organic carbon (DIC) can be used to
evaluate the feasibility of a particular mass transfer
model. If dissolution of carbonate is the mechanism
considered, a simple mixing model can be used to
calculate q (Mazor, 1991; Clark and Fritz, 1997);
δ13C of the soil gas and the solid carbonate are also
required information to calculate q. It is commonly
assumed that the δ13C is about 0 permil for carbonate
rock and about -24 permil for soil gas.
The dilution factor can be used to adjust the fraction
modern carbon (fmc) and/or adjust the apparent age
using the decay equation. The adjusted ages can be
used to evaluate the validity of the assumptions for
δ13C for carbonate and soil gas (Mazor, 1991).
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from carbonate and as such applied the simple mixing model.

4

Is Age Adjustment Necessary For Hangman Creek
Groundwater?

It is not likely that significant dilution of the activity
of 14C occurred in the Hangman groundwater because
there is no obvious source of carbonate as the dominant rock type is basalt. Thin sand and gravel aquifers occur, but carbonate rocks are not reported. Secondary calcite may occur in trace amounts, but was
not observed. However, the observed δ13C indicate
that some type of carbon mass transfer has occurred.
The study, Age of Ground Water in Basalt Aquifers
Near Spring Creek National Fish Hatchery, Skamania County, Washington completed by the USGS,
reports that the primary reaction that occurred involving carbon was degassing (Hinkle, 1996). This study
area is also in the Columbia River Basalts (CRBs)
and also documents minimal observed calcite. The
conceptual geochemical model that the 1996 Hinkle
study used was drawn from conceptual model developed by Hearn and others (1985) to describe the geochemical evolution of the groundwater in the Columbia River Basalt Group – which is primarily governed
by dissolution of volcanic glass and degassing of carbon dioxide. NETPATH was used in the 1996 Hinkle
study to model the reactions described in Hearn 1985
and results match the observed values for δ13C. Degassing enriches the groundwater in δ13C, as observed, but does not have a significant effect on the
model age based on 14C. As such, uncorrected ages
provide a good estimate for groundwater age.
However, the recent USGS study, Distribution of
Isotopic and Environmental Tracers in Ground Water, Northern Ada County, Southwestern Idaho, was
also conducted in a study area comprised of CRB,
and it attributes the groundwater carbon chemistry to
dissolution of calcite (Adkins and Bartolino, 2010).
The 2010 Idaho study did not involve the detailed
geochemical modeling as the 1996 Hinkle study.
Rather, it assumed that the heavier observed δ13C was

4.1 Degassing as Carbon Geochemical Process
If the groundwater chemistry in the Hangman watershed is the result of dissolution of volcanic glass and
degassing of carbon dioxide, as is believed to be
likely, then no corrections would need to be made
(q=1) because the unadjusted age is nearly equal to
the adjusted age, and therefore apparent age is representative of actual age.

4.2 Carbonate Dissolution as Carbon
Geochemical Process
If carbonate dissolution accounts for the observed
δ13C, 14C concentration would be diluted, the apparent age would need to be adjusted, and the dilution
factor would need to be calculated.

5

Comparison of Apparent
and Adjusted Ages

While it is believed that the apparent ages do not require adjustments, it is valuable to make the adjustments so that the implications of this decision can be
identified. To observe the effect of age adjustments,
the dilution factor was calculated for each sample
using a simple δ13C mixing model for carbonate dissolution (Mazor, 1991; Clark and Fritz, 1997). The
mixing model uses the δ13C of the soil gas and the
carbonate to calculate the amount of “dead” carbon
that has dissolved into the groundwater and diluted
the 14C concentration. Fraction modern carbon and
age adjustments were made using this dilution factor.
Sample BH5_85 has an unadjusted fmc of 0.857 and
age of 1240 years; Tritium is present in this sample at
4.7 TU, suggesting that the groundwater is 60 years
or less. Age adjustments made using soil gas δ13C of

Appendix C, page 2

HANGMAN CREEK HYDROGEOLOGIC STUDY
SPOKANE COUNTY CONSERVATION DISTRICT

-25 permil indicate groundwater age of -715 years,
and indicates that this soil gas value is too light. Adjustments were made with different assumptions for
soil δ13C until a reasonable adjusted age was obtained. A soil gas δ13C of -22.7 yielded an adjusted
age for BH5_85 of 60 years, and therefore this soil
gas value was used to calculate q. Table B-1 summarizes the adjusted and apparent ages for the data
collected for this study. These results indicate that in
relative terms, the adjusted groundwater ages are
similar to the apparent ages, and the implications
with respect to water resource planning are similar
for the apparent or unadjusted ages, as for the adjusted ages.

Table B-1. Apparent and Adjusted Age
Sample
BH3-67
BH5_501
BH5_85
MUR2_145
MW1_137
MW3_195
BH6_78
MW6_224

C-13
-15.8
-15.6
-19.6
-14.2
-16.1
-15.2
-18.4
-15.7

Appar.
Age

fmc

q

Adj.
fmc

Adj.
Age

4,750
7,670
1,240
15,450
14,730
16,880
2,790
5,870

0.55
0.38
0.86
0.15
0.16
0.12
0.71
0.48

1.44
1.46
1.16
1.60
1.41
1.49
1.23
1.45

0.80
0.56
0.99
0.23
0.23
0.18
0.87
0.70

1,893
4,793
62
12,025
12,322
14,058
1,135
2,993

6
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Appendix D. Creek Flow, Baseflow, and Streambed Profile,
Hangman Creek, September 6, 2001 (SCCD, 2009).
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