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Executive Summary

A field investigation, hydrogeologic evaluation and water use analysis was conducted for
the Alpowa Creek and Asotin Creek sub-basins. The study area included the Alpowa
and Asotin Creek sub-basins as well as the Town of Anatone and Tenmile and Mill Creek
sub-basins.

Field Investigation

The field investigation included a physical reconnaissance of the study area, interviews
with residents residing outside the boundary of Asotin Public Utility District to determine
water used characteristics such as irrigated lawn size, household population and
irrigation practices, interviews with other landowners and with persons familiar with the
area to determine irrigated acreage and livestock within the project area, groundwater
level measurements permit exempt wells and a seepage run.

An average of 2.4 persons per household and an average lawn size of 2,500 square feet
were identified during the survey. A total of about 1,900 livestock are located in the basin
during the year. Ground water level measurements were recorded at about 59 wells in
the fall of 2008 and spring of 2009. Twenty six of the wells were measured once during
the fall and again in the spring. Creek flow measurements were taken during the
September of 2008 to determine groundwater gains and losses (seepage run) for Asotin
Creek (North Fork, South Fork and Mainstem), George Creek, Charley Creek, Alpowa
Creek, Mill Creek and Tenmile Creek.

Hydrogeologic Evaluation

Geology

The predominant geologic formation in the project area is the Columbia River Basalt
Group (CRBG), a thick sequence of flood basalt prevalent throughout the region. The
project area is within the western half of the Lewiston Basin, which is a structural basin
bounded by folded and faulted CRBG. The CRBG formations on the western edge of the
basin down-dip to the east to the center of the basin. The western edge of the basin and
the formation anticline runs through the Town of Anatone and the northern portion of the
town is on the northeastern limb of the anticline and the area south of the town is on the
southwestern limb of the anticline. The structural dip (to the east) ranges from 2 to 10
degrees and the CRBG formations found exposed in the project area highlands are well
below the Snake River in the center of the basin. The strong down-dip in the CRBG
formations cause over one mile of structural relief in the project area. There is significant
faulting on the western portion of the Lewiston basin in the project area. A number of
generally east-west oriented faults are mapped in associated with the anticline on the
southern edge of the project area and generally north-south faults occur from the mouth
of Alpowa Creek south to the lower portion of Asotin Creek. Faulting is also evidenced in
many areas throughout the upper portions of the basins. The Asotin and Alpowa Creek
and their tributaries have eroded steep canyons which have truncated and divided the
CRBG formations. Canyon depths are in excess of 1,500 feet.

The oldest geologic formation evaluated for this project in the study area is the CRBG.
The CRBG is classified by a vertical sequence of mappable formations including (from
youngest to oldest), the Saddle Mountains Basalt, Wanapum Basalt, Grande Ronde
Basalt and Imnaha Basalt. The Saddle Mountain and Wanapum basalt units are the
upper units and are present in eastern portion of the Asotin Creek sub-basin (they are
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eroded from the western portion of the basin). The creek valleys completely truncate and
erode these units in most areas. The Grande Ronde Basalt forms the deeper basalt unit
in the study area. This unit is exposed in the deeper canyons in the upper portion of the
sub-basins and because of down-dip and structural relief they are buried below the
bottom of the canyons in the middle and lower portions of the basin.

The CRBG is overlain by younger Pleistocene deposits in the valley bottoms mostly
composed of alluvial sand, gravel and cobbles ranging from less than 20 feet deep in the
upper basin to 50 to 100 feet deep in the middle areas of the valleys and from 50 to over
150 feet deep in the lower valley. Asotin Creek and Alpowa Creek flow directly on these
alluvial deposits. More recent silt overbank deposits are located atop the alluvial sand
and gravel deposits in the middle and lower portions of the valleys.

Hydrogeology

The sand and gravel alluvial deposits present in most of the valleys form a shallow
unconfined aquifer ranging from less than 50 to over 150 feet in thickness that is in direct
hydraulic-continuity with the creeks flowing in the valley bottoms. Few wells are
completed in this aquifer.

The principal groundwater supply aquifers in the study area are the confined, shallow and
intermediate basalt hydrostratigraphic unit (SBHU and IBHU) aquifers. The SBHU is
intersected and eroded by the tributary and mainstem creek canyons and the aquifer
discharges to springs in the upper portion of the Alpowa and Asotin Creek sub-basins.
The IBHU displays characteristics of both the shallow and deep units, depending on
location. In the Alpowa Creek and upper Asotin Creek areas, the unit is deeply incised
by canyons; aquifers likely display limited lateral continuity, water production is low, and
many water-bearing zones discharge to springs in the headwaters areas of these
streams. In the Lower Asotin Creek area this unit is generally at or below most canyon
bottoms.

The lateral continuity of the SBHU and IBHU units is controlled by faults, feeder dikes
and other geologic features in the formation and the deeper canyons which partially to
completely truncate these units. Most faults are expected to form flow barriers in basalt
aquifers. Most of the groundwater flow from these aquifers to surface water appears to
be within the upper portions of the basin and small springs are observed emanating from
the basalt in the headwaters. There is little hydrologic evidence that the basalt aquifers
are in continuity with surface water in the middle and lower portions of the sub-basins.

An exception is Alpowa Creek, where seepage run data indicate a cumulative gain in flow
from groundwater of about 5 to 6 cfs, which is the vast majority of flow in the creek.

Most of the basalt wells are located in the middle and lower areas of the sub-basins and
are completed in the SBHU or IBHU aquifers. In the mainstem Asotin Creek basin and in
George and Charley Creek there is no evidence to suggest that basalt aquifers are
discharging to or providing flow to the creeks. Ground water levels measured in wells
vary significantly for wells completed within the same geologic unit indicating a high
degree of discontinuity within a single formation. The available geologic information also
indicates that the structure of the shallow basalt (faulting, erosion, truncation, pinch outs)
causes the aquifers to be hydraulically discontinuous between wells and surface water
drainages.® Pumping by individual wells at low rates needed for household or small

! The shallow basalt aquifer near the Town of Anatone is an exception and groundwater levels in
wells show a continuous groundwater flow gradient that suggests a hydraulic connection within the
aquifer.
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agricultural use at relatively few households spread over a large area is unlikely to impact
surface water flow. This is especially the case since the basalt aquifers that supply the
water are not expected to be hydraulically-connected to stream flow in the middle and
lower portion of the Asotin Creek sub-basin where most groundwater wells and usage
occurs.

There is little evidence to suggest that the deep basalt hydrostratigraphic unit (DBHU) is
in hydrologic connection with streams based on hydrostratigraphic mapping. Very few
wells (less than 15 percent) are exclusively completed in the deep basalt
hydrostratigraphic unit (DBHU). This is probably due to the high cost of drilling into deep
basalt and the availability of water from the more-shallow basalt aquifers. The available
data shows that the DBHU is present well below the bottom of the canyon bottoms and is
not in hydrologic connection to mainstem and tributary creeks. Most of these wells are
located in the lower portion of the basin and probably use water that would eventually
flow into the Snake River and are not hydraulically-connected to the Asotin or Alpowa
Creeks or their tributaries. Therefore, we can conclude that the few wells that are
pumping from the deep aquifer are not affecting creek flow in the project area.

Water Use Estimate

A water use estimate was conducted for the project area. The water use estimate
included residential use, public supply use and agricultural use components.

Residential use was based on population estimates and household use rates. The
current-day population was estimated from a count of households (365 residences) and
assuming 2.5 persons per household (which is consistent with the 2.4 person per
household estimate from the field survey) indicating a total current population of about
900 persons. The 50-year future population was estimated at 640 residences and 1,600
persons using a conservative estimate of 1 percent growth. An estimate of the
development of the lots in the lower portion of the basins where residential growth is most
likely to occur yielded an estimate of 8,400 residences with 21,000 persons. This is very
conservative because it assumes that all lots in these areas will be developed with
individual wells, whereas in reality, development at this level would likely involve
connection to a public water supply system supplied from deep wells that would likely not
be hydraulically-connected to the creeks in the sub-basin. We estimated an annual
residential use rate of 381 gpd/household and a summer use rate of 571 gpd/household.
This estimate is higher than national and regional averages, but is lower than the
household meter record use within the Asotin PUD water service area. This is
reasonable considering the arid climate and the fact that most of the lawns in the project
area are much smaller than residences in the Asotin PUD service area and are irrigated
at less than the irrigation demand.

Public water supply use is a minor component of total water use. There are only 38
households or businesses served by public water supply systems not counting the Town
of Asotin. The Town of Asotin is served by a deep basalt well near the Snake River and
the source of the water is not within the project area so it was not included in the water
use estimate.

Agricultural groundwater use was estimated based on water rights, a field survey,
interviews with persons knowledgeable about the irrigation practices in the area and a
count of irrigated lands and stock in the sub-basins. A total of about 91 acres are
irrigated for agriculture with an estimated annual water use of about 245 AF/yr. Stock
watering was estimated based on a count of stock and assuming 27 gpd for cattle and 18

Asotin and Alpowa Creek Hydrogeology Report June 30, 2009
HDR Engineering, Inc. and GSI Water Solutions, Inc. Page ES-3



gpd for horses. The estimated 1,900 stock in the basin are estimated to use about 29
AF/yr assuming full consumptive use.

The Alpowa Creek sub-basin water use for current-day population in the summer is about
0.48 cfs (28.8 acre-feet per month) with 0.09 cfs (5.3 afm) return flow and the annual
water use is about 0.26 cfs (15.6 afm) with about 0.05 cfs (3.3 afm) return flow. The
Asotin Creek sub-basin water use for current-day population in the summer is about 0.38
cfs (23.1 afm) with 0.10 cfs (6.3 afm) return flow and the annual water use is about 0.26
cfs (15.6 afm) with about 0.08 cfs (5.1 afm) return flow. This information shows that
current-day water use is not a significant factor with regards to the potential for stream
flow depletion from water use.

The 50-year projected future growth scenario shows that in the Alpowa Creek sub-basin
the annual and summer groundwater use rate increases to about 0.29 cfs or 17.6 afm
(0.07 cfs or 4.3 afm return flow) and 0.53 cfs or 31.8 afm (0.11 cfs or 6.4 afm return flow),
respectively. For the Asotin Creek sub-basin the 50-year projected future growth
scenario shows that the annual and summer groundwater use rate increases to about
0.34 cfs or 20.4 afm (0.13 cfs or 7.7 afm return flow) and 0.50 cfs or 30 afm (0.15 cfs or
9.2 afm return flow), respectively. This information shows that water use is not a
significant factor with regards to the potential for stream flow depletion from water use for
the projected 50-year growth scenario.

The partial build-out growth scenario shows that in the Alpowa Creek sub-basin the
annual and summer groundwater use rate increases to about 0.5 cfs or 30.2 afm (0.18
cfs or 10.7 afm return flow) and 0.84 cfs or 50.7 afm (0.22 cfs or 13.5 afm return flow),
respectively. For Asotin Creek sub-basin the 50-year projected future growth scenario
shows that the annual and summer groundwater use rate increases to about 2.9 cfs or
176 afm (1.7 cfs or 101 afm return flow) and 4.0 cfs or 246 afm (1.8 cfs or 109 afm return
flow), respectively. This is a very conservative future growth scenario because it
assumes that all lots in these areas will be developed with individual wells proving a
water supply. In reality, if development at this scale occurred in the middle and lower
Asotin Creek sub-basin the residences would be served by a public water supply system
supplied from deep basalt aquifer wells that are not hydraulically-connected to Asotin
Creek.
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Chapter 1
Introduction

This report describes an investigation of the hydrogeology, water use and potential for
stream flow depletion in the Asotin Creek and Alpowa Creek sub-basins. The goal of the
study is to quantify current and projected future ground water use and to evaluate the
effects on surface water resources in the project area. The project area, shown on
Figure 1-1, is located in Garfield and Asotin County, Washington. Individual maps
showing of the Alpowa and Asotin Creek sub-basins are presented on Figures 1-2 and
1-3. The project was conducted according to the scope of services described in the
January 18, 2008 and June 25, 2008 proposals authorized by the Asotin Public Utility
District on behalf of the WRIA 35 Planning Unit. The project was funded by Grant #
0800148 from the Washington State Department of Ecology (Ecology). This report was
prepared by HDR Engineering, Inc. and GSI Water Solutions, Inc.

A Phase | report was previously prepared, dated June 28, 2008, that described the
results of a hydrogeologic analysis based on a review of well logs, geologic reports and a
field reconnaissance. Phase Il of the project involved additional field investigations,
including a seepage run analysis to quantify gaining and losing creek reaches, two
rounds of ground water level measurements and a water use survey and analysis of this
information. This report presents combined information for both Phase | and Phase Il of
the project.

The technical information and findings in the report are presented in the following four
chapters.

Chapter 2 Field Investigations

Chapter 2 summarizes the methods and results of field investigations conducted during
fall of 2008 and spring of 2009. A water use inventory was conducted involving
interviews with residents of approximately 52 households in the project area to identify
the number of persons per household, lawn size and irrigation and stock watering
practices. Ground water wells were identified in the project area and the top of casing
elevation was measured using a high-precision GPS instrument. About 78 wells were
located and the depth to the ground water table was measured in about 59 wells using a
decontaminated ground water level probe. A stream gaging seepage run flow profile was
completed to quantify the amount of ground water flowing into or out of reaches of eight
major creeks in each sub-basin in the project area.

Chapter 3 Hydrogeologic Evaluation

Chapter 3 presents the results of a hydrogeologic evaluation of the occurrence and
distribution of the principal ground water supply aquifers in the project area and
assesses, to the extent possible based on available data, ground water flow direction
within the aquifer system and the extent of hydrologic connection between the different
portions of the aquifer system and surface water (springs, tributaries and mainstem
creeks). The hydrogeologic evaluation was based on examination of well logs, field
reconnaissance, regional geologic reports and the authors’ experience with the Columbia
River Basalt Group (CRBG) aquifers. Chapter 3 shows that the primary ground water
supply aquifers in the project area currently being tapped by water wells are shallow and
intermediate basalt hydrostratigraphic units (SBHU and IBHU). The SBHU is interpreted
to be hydrologically-connected to tributary and mainstem creeks throughout much of the
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project area, although this connection may be more extensive in the upper portions of the
drainages, than the lower. The available data is interpreted to indicate that the IBHU is
hydrologically-connected in the upper portion of the basin and may be connected in the
lower portion of the basin. The deep basalt hydrostratigraphic unit (DBHU) has very
limited use in the lower portion of the basin (less than 15 percent of all wells are solely
completed in the DBHU), where it is located well below canyon bottoms and therefore
probably has limited hydrologic connection with surface water in the lower portion of the
Asotin Creek and Alpowa Creek basin. There are few wells and limited data to establish
the degree of hydrologic connection for the IBHU and DBHU. The alluvial aquifer present
in creek valley bottoms generally has a high degree of hydrologic connection with
streams but it is not used for ground water supply.

Chapter 4 Water Use Analysis

Chapter 4 presents the results of a ground water use assessment. This assessment was
completed to estimate the extent and seasonal nature of ground water use in the project
area. Three types of ground water use were examined: (1) domestic use by permit-
exempt wells for residences with septic tanks, (2) public supply use and (3) agricultural
use. Growth projections were evaluated to determine the current ground water use,
projected future ground water use (over the next 50 years), and future ground water use
assuming a partial build-out of developable lots in the lower portion of the sub-basin. The
results of the assessment show that ground water use and depletion of surface water
flows in each of the sub-basins is relatively small (less than about 0.5 cfs) for both current
and future (50-year) growth projections assuming a 1 percent annual growth rate.
Another growth scenario (partial build-out) was completed to examine the effects of
additional population growth and further build-out of developable lots. The partial build-
out scenario assumes that development in the lower portion of the basins expands to the
amount allowed under current zoning regulations. The resulting higher population
increases groundwater use significantly (up to 0.8 cfs and 4 cfs for Alpowa and Asotin
Creek Sub-Basins, respectively).

Chapter 5 Summary and Conclusions

Chapter 5 presents a summary and conclusions for the project. The information
presented on the hydrogeologic evaluation in Chapter 3 and the water use analysis in
Chapter 4 is compared to provide an evaluation with respect to the potential for adverse
stream flow depletion at the level of future development anticipated for the basin.
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Figure 1-2

Map of Alpowa Creek Sub-Basin
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Chapter 2
Field Investigations

2.1 Introduction

The objective of this chapter is to describe the results of the field data collection efforts
within the Alpowa Creek and Asotin Creek sub-basins of Water Resources Inventory
Area (WRIA) 35. This chapter identifies the methods and results of field work performed
in the basins.

This chapter is subdivided into several sections that describe or summarize:
1. Household water use survey
2. Ground water level measurements

3. Seepage run

2.2 Water Use Survey

A water use survey was conducted in the project study area. The water use survey was
conducted concurrently with the groundwater level measurements during October 27 -
November 5 and December 8-11 of 2008. The purpose of the survey was to identify
water use information. Data were collected to determine the following water use
components:

e Household population
e Residential lawn size
e Irrigation practices

e  Number of stock

2.2.1 Water Use Survey Methods

Residents were asked to complete a household water use survey during groundwater
level field measurements. Information on household water use was collected from those
residents that were home during the survey and agreed to participate. The survey
included questions about number of well users, quantity of stock watered from well, lawn
size and irrigation practices. Irrigated lawn size was provided by the owner, estimated by
field crew or measured from the 2006 National Agricultural Imagery Program (NAIP)
orthophotos of the project area. The survey form used to interview well owners is
included in Appendix A.

2.2.2 Water Use Survey Results

A total of 52 households and residents were interviewed. All of the households surveyed
were residential except for three (WSDOT Highway Department in Anatone, WDFW and
Headgate County Park). The 52 households surveyed are approximately 14 percent of
the estimated 365 households in the project area. Table 2-1 provides a summary of the
residential household data collected and used in this analysis. The results of the survey
are shown in Table 2-2.
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2.2.2.1 Average Household Population

Based on visual observations, and interviews and conversations with persons
knowledgeable about the area, most houses in the upper Asotin and Alpowa Creek
Basins are retirement homes or are used seasonally. Most of the households were
occupied by two residents, which is consistent with retirees and seasonal homes. Six
households indicated they are occupied on a seasonal basis, while 39 households are
occupied year round. The remaining four homes are currently being constructed or are
for sale. The average household population calculated from the water use survey was
2.4 residents per household. Figure 2-1 provides the frequency distribution of residential
population. Household populations ranged from 1 to 10 people.

2.2.2.2 Average Residential Lawn Size

The average irrigated lawn size in the project area was approximately 2,500 square feet
or 0.06 acres. Figure 2-2 shows the range of irrigated lawn size from the water use
survey. Lawn size ranged from no lawn to 0.32 acres and nine owners indicated they did
not irrigate a lawn at all. Lawns in the Anatone area that received no irrigation typically
were shaded and covered with pine needles (Figure 2-3). Other lawns were landscaped
S0 no irrigation was required (Figure 2-4). Eleven owners indicated they irrigated less
than 1,000 sq. ft. of lawn. The small lawns usually consisted of dry landscaping and/or
small gardens. Figure 2-5 provides an example of a small yard typical of houses in
Clarkston Heights. Examples of lawns that received irrigation are shown in Figure 2-6.

Hoses and sprinklers were the two main methods used by residents to water their lawns.
Residents hand watered lawns by using a hose, soaker hose or attaching a small
sprinkler to the hose. Other residents had small underground irrigation systems installed
that irrigated using a programmed schedule.

Factors affecting lawn irrigation included availability and cost of pumping groundwater.
Those with deep wells indicated that watering lawns resulted in a higher electricity bill.
When asked how often residents watered their lawns in the summer, the responses
ranged from “No irrigation” to “Everyday.” On average, residents watered their lawns
approximately 3 times a week (Figure 2-7). Other responses included “as needed” or
“only as a means of fire protection.” The results of the irrigation survey indicate that
deficit irrigation (under watering) is a common practice in the study area.

2.2.2.3 Livestock

Brad Johnson of Asotin Public Utility District and Duane Bartels of the Pomeroy
Conservation District conducted a telephone survey to determine the amount of stock in
the study area. A total of 1900 livestock were identified. Over 95 percent were cattle and
the remainder were horses. Most of the cattle do not reside in the project area for the
entire year; rather they are only present during the winter months. Cattle are moved out
the basins, typically to Idaho, during the summer because the basins do not support
enough productive rangeland to feed all stock. In Asotin County the predominant
livestock is beef cattle and there are no dairy cattle (Courtney Smith, Rangeland
Management Specialist, NRCS personal communication). Most of the cattle do not
remain in the project area for the entire year; rather they are only present during the late
fall, winter and early spring months. A majority of cattle are moved out of the basins to
higher elevation ranges outside the project area during the late spring, summer and early
fall months.
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2.3 Groundwater Level Measurements

The purpose of the groundwater level measurements was to obtain data necessary to
understand the direction of subsurface water movement in the project area. Ground
water levels in wells in the project area were measured in the fall of 2008 between
October 27 -November 5 and from December 8-11. A second round of groundwater level
measurements was conducted in the spring of 2009 during May 12-15. Select wells were
revisited to document how the groundwater level had changed since the initial 2008
measurement.

2.3.1 Groundwater Level Measurement Methods

Before going into the field, private wells in the project area were identified from the
Ecology online well database. The well logs were downloaded and prioritized based on
location, completeness of well log information and potential aquifer completed.

The owners listed on the well logs are the original well owners. For this reason, it was
difficult to match well logs to current owners. Brad Johnson, of the WRIA 35 Planning
Unit, was able to provide insight about many of the current owners because he has
personally worked with many of the residents located in the rural areas of the project.
Other data sources used to correlate well logs to current owners included phone books,
parcel records and the county tax rolls.

Well owners were also located by canvassing populated areas that were not serviced by
Asotin PUD or a smaller public water system. These areas included Anatone,
Cloverland, Jerry and Peola. Knocking on doors, distributing fliers and calling potential
well owners were technigues used to locate well owners.

Once a private well was located and access granted, the following methodology was
used to perform the groundwater level measurement. Measurements were only collected
at wells in good working order that could be accessed from the surface.

1. Request permission to enter property and access well.

2. Verify the well log with the owner. If the log is not a match, ask the well owner if
they have the correct log or any information that may helpful when looking for the
log. Such information included previous property owners(s), well depth, well
driller and date of well installation.

3. Photograph the well casing with cap in place. Remove the well cap and
photograph.

Disinfect the groundwater level probe with bleach solution.

Verify with well owner that the well is off. Once off, lower the disinfected probe
into the well. Record the distance from the top of well casing to the groundwater
surface. Record the distance from top of well casing to ground surface.

Remove and disinfect probe with bleach solution.

Fill out remainder of well survey information. The survey form used has been
included in Appendix A. Information collected included depth to groundwater
level, distance from top of well casing to ground surface and well depth.

8. Measure the spatial location and elevation (x, y and z) of the ground surface at
the well. A Trimble GeoXT was used to occupy the well location for at least 10
minutes.
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9. Replace well cap and photograph. Remind well owner to restore power to well.

After the field data collection was completed, the GPS data was differentially corrected to
maximize vertical and horizontal precision. The differential correction was performed
using GPS Pathfinder Office software and base files downloaded from the Trimble
reference station in Grangeville, ID.

2.3.2 Groundwater Level Results

We visited 77 private wells during the fall 2008 sampling. At 19 of the wells a
groundwater level measurement was not able to be recorded because the probe would
not go down the well, usually becoming trapped at locations where the casing diameter
changed or the well was dry. Some owners have multiple wells for stock watering or
other purposes. Figure 2-8 shows the location of the surveyed wells from 2008. During
May of 2009, 27 wells were surveyed, 26 of which had been visited during fall of 2008
(Figure 2-9). Ground water levels were recorded in 26 of the wells. Table 2-3 provides
the groundwater level measurement and elevation results from both surveys.

2.4 Seepage Run

This section provides information regarding the seepage run collection efforts and data
analysis conducted. The results of the seepage run are summarized below for the
following:

e River and tributary flow

e Irrigation diversions

e  Ground water inflow/outflow from the river channel
2.4.1 Seepage Run Methods

2.4.1.1 River and Tributary Flow

Field measurements were collected at 101 locations during September 16 to September
22, 2008 in the Asotin Creek Basin at the following creeks: Asotin Creek (North Fork,
South Fork and Mainstem), George Creek and Charley Creek, in Alpowa Creek and in
Mill and Tenmile Creeks, which are located to the south of Asotin Creek Basin. The
locations of the flow measurement stations are shown in Figure 2-10.

Stream velocities were measured in the field using a Marsh-McBirney Flow-Mate 2000
electromagnetic flow meter and a top-setting wading rod. Techniques used to obtain
stream velocity were in accordance with the United States Geological Society (USGS)
methods of measuring stream flow (Buchanan 1969). The following methodology was
used:

1. Flow data were collected about every mile along the creeks where feasible. Flow
data was also collected for tributary flow into the creeks. Landowner permission
to access desired creek stations for velocity measurements was obtained prior to
entering the field.

2. Flow measuring sites were chosen based on the characteristics (Buchanan 1969)
listed below.

e A straight reach 300 feet upstream and downstream of station with
uniform flow

e No side channel areas.
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e Stable banks high enough to contain flood

e Banks free of brush and overhanging vegetation as to not interfere
with flow measurements

3. A measuring tape was fixed across the channel perpendicular to the flow to
measure the channel width.

4. Time-averaged point velocities were measured along the tape, starting at one
bank and ending at the opposite. When measuring the velocity, the crew
members maintained the maximum distance downstream of the flow meter to
avoid influencing the flow field in the immediate vicinity of measurement.

5. At each measurement location, the lateral stationing along the tape, depth of the
wading rod and time-averaged velocity were recorded. Velocity was measured at
a depth of 0.6 of the total depth. Velocity readings were averaged over at least 30
seconds and were recorded when the flow meter displayed values that were
constant or only fluctuated by +/- .01 ft/s.

6. Water temperature and GPS location were recorded. Photos of the station were
collected.

The stream flow was calculated using the velocity area method (also known as the
midsection method) as described by USGS (Rantz 1982). The velocity-area method
calculates a flow based on the depth, width and velocity of the interval, as shown below.
The total flow for the river station is calculated by summing each of the intervals flow.
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Explanation
123 ... n --Observation verticals
by, b3, by, .....by,; --Distance from initial point to observation vertical
d,dy,ds,.....d,;__Depth of waterat observation vertical

Dashed lines --Boundaries of subsections
Sketch of velocity area method for computing discharge (Nolan 2007)

2.4.1.2 Irrigation Diversions

A single irrigation diversion located at river mile 9.63 on Alpowa Creek was operating
during field measurements. It was assumed that irrigation occurring in close proximity to
the creek was diverting water from the creek. Observations were made of system type
(i.e. handline, lateral wheel lines, center pivots, etc), number of irrigation heads,
estimated irrigated acres, and spatial location using GPS. In addition, photographs were
taken of the irrigation system in action. Diversion flow rates were estimated by
multiplying assumed sprinkler rate by the number of sprinkler heads. It was assumed
that irrigation sprinklers heads used for crop irrigation discharged at about 7 gpm* (Ley
1992). Total instantaneous irrigation diversion rate was estimated to be 0.31 cfs.

2.4.1.3 Groundwater Inflow/Outflow

A flow balance was estimated for each of the creeks using the flow calculated from the
velocity measurements. Beginning with the most upstream station to the farthest
downstream station, flow between stations was compared. Inflows from tributaries,
springs, and outflows due to irrigation diversions were accounted for in the balance. Any
remaining loss or gain was assumed to be a result of groundwater interaction.

! Based on assumption of a 3/16” nozzle size and operating pressure of 45 psi from Table 1 in
“Sprinkler Irrigation — Application Rates and Depths” by Thomas W. Ley, 1992.
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2.4.2 Example Seepage Run

An example calculation is outlined below. Assume two stations exist on a creek: Station
A (upstream) and Station B (downstream). The respective flow at stations A and B are

15 cfs (Q,) and 27 cfs (Q,). Between stations A and B, a small tributary enters the
mainstem flowing at 8 cfs (Q,;,). In addition, a field located in close proximity to the

creek between stations A and B is applying water at a rate of 3 cfs (Q,ijaion)- The water
balance at station B is calculated as follows:

Qb = Qa + Qtrib - Qirrigation + Q groundwater (1)

Where :

Q, = Flowat downstream station B
Q, = Flowatupstreamstation A

Q,i, = Flow from tributary

Qirrigaion = Flowdiverted forirrigation

Q gonanaer = Flow due to ground water exchange
Solving for groundwater interaction (Q groundwater)-

Q groundwater = Qb _Qa_Qtrib + Qirrigation (2)
Q grounawater = 27 fs —15cfs — 8cfs + 3cfs
Q groundwater — 7CfS

The flow rate is 7cfs, which represents a groundwater gain. If Q gounawater WAS Negative,
then water is lost due to groundwater interaction between stations A and B.

2.4.3 Flow Variability during Seepage Run Measurements

The seepage run results are shown below for each of the measured reaches. The flow in
Asotin and Alpowa Creek is monitored by Department of Ecology flow gages. Appendix
D provides a detailed discussion and interpretation of the flow gage data. The 15 minute
flow data was obtained from Ecology on the days of the seepage run for Asotin
(September 16-17, 2008) and Alpowa Creek (September 18, 2008) and is shown in
Figures 2-11 and 2-12 respectively. No rainfall was observed during these
measurements. The fluctuation was about 1.5 cfs during the seepage run on all reaches
of Asotin Creek. The fluctuation on Alpowa Creek was about 0.5 cfs. This number
reflects the change in flow from the start of first measurement to the end of the last
measurement. The change in flow between individual measurements was almost always
0.1 cfs or less and consequently it was not necessary to consider flow fluctuations in the
seepage run calculations.
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2.4.4 Seepage Run Results
2.4.4.1 Asotin Creek Mainstem

The reach on the mainstem Asotin Creek surveyed for this analysis started just
downstream of the confluence with the North and South Forks of Asotin Creek at river
mile (RM) 15.27 and ended at Chief Looking Glass Park in Asotin (RM 0.43). Velocities
were measured at 17 stations along the mainstem of Asotin Creek. Tributary flow
entered Asotin Creek from the North and South Forks (RM 15.28), Charley Creek (RM
13.74) and George Creek (RM 3.18). The maximum flow calculated for Asotin Creek
was 35.8 cfs and occurred at RM 2.88. The minimum flow of 26.0 cfs was located at the
most upstream station (RM 15.27). Table 2-4 provides the flow data for each station
along Asotin Creek. Figure 2-13 shows two typical stations.

The flow balance calculated on the mainstem of Asotin Creek shows a cumulative gain
attributed to groundwater interactions of 0.6 cfs (Figure 2-14). The largest groundwater
gain occurred between RM 8.99 and 10.93. The largest loss to groundwater was 5.5 cfs
and occurred between RM 3.20 and 4.80.

2.4.4.2 North Fork Asotin Creek

The reach of the North Fork of Asotin Creek starting at RM 4.67 and ending at the
confluence with Asotin Creek was measured for stream velocities at five stations. The
flow calculated for the North Fork ranged from 19.3 cfs at RM 4.67 to 23.6 cfs at RM 0.02
(Table 2-5). Figure 2-15 shows the station at RM 0.96. No tributaries or irrigation
existed along the North Fork.

The flow balance performed on the North Fork indicates a cumulative groundwater gain
of 4.2 cfs (Figure 2-16). The largest groundwater gain occurred between the two most

upstream stations, RM 3.33 and 4.67, and was calculated at 3.2 cfs. The largest loss to
groundwater was 1.7 cfs and occurred in the reach between RM 1.85 and 3.33.

2.4.4.3 South Fork Asotin Creek

The most upstream station of South Fork was at RM 5.81, while the most downstream
station was located at RM 0.02 (Figure 2-17), just upstream of the confluence with the
North Fork and mainstem of Asotin Creek. Seven stations were measured along the
South Fork. The lowest calculated flow of 2.5 cfs occurred at RM 0.02, while the
maximum flow of 3.4 cfs occurred at multiple stations (Table 2-6). No irrigation diversion
or tributaries occurred along the measured reach of South Fork Asotin Creek.

A cumulative loss to groundwater of 0.7 cfs occurred on the lower 5.81 miles of South
Fork Asotin Creek (Figure 2-18). The largest groundwater loss between stations was 0.9
cfs and occurred between RM 0.02 and 1.07. The largest groundwater gain of 0.6 cfs
occurred between RM 1.07 and 1.95.

2.4.4.4 Charley Creek

Charley Creek is a tributary to Asotin Creek. Ten stations were measured along Charley
Creek from RM 0 to RM 7.42. The largest flow calculated was 7.4 cfs (RM 6.82) while the
smallest flow calculated was 4.4 cfs (RM 7.42), as shown in Table 2-7. No irrigation
diversions or tributaries were observed within the surveyed reach of Charley Creek.
Figure 2-19 shows two station photographs along Charley Creek.

In the lower 7.2 miles of Charley Creek, cumulative gains attributed to groundwater
interactions totaled up to 1 to 2 cfs (Figure 2-20). The largest groundwater gain of 3.1
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cfs occurred in the most upstream reach (RM 6.82 to 7.42). A maximum of 1.8 cfs was
lost to groundwater between RM 6.15 and 6.82.

2.4.4.5 George Creek

George Creek is also a tributary to Asotin Creek. George Creek had velocity measured
at 14 stations from RM 0 to RM 5.60. Portions of George Creek were dry and the largest
flow calculated was 1.7 cfs, located just upstream of the confluence with Asotin Creek
(Figure 2-21). Pintler Creek and an unnamed tributary provide negligible inflow to
George Creek. No irrigation was observed along George Creek. Table 2-8 presents the
flow calculated at each of the stations on George Creek.

A cumulative gain of 1.1 cfs from groundwater was calculated for the first 5.60 miles of
George Creek (Figure 2-22). The peak groundwater loss of 0.9 cfs occurred between
RM 0.54 and 1.01. The maximum groundwater gain of 1.7 cfs occurred between RM
0.54 and the confluence with Asotin Creek mainstem.

2.4.4.6 Alpowa Creek

Alpowa Creek was the only creek measured in the Alpowa Creek Basin. The survey
started downstream near the historic bridge marker on US highway 12 (RM 1.00) and
continued upstream to RM 17.13. A total of 19 stations were measured along Alpowa
Creek. Typical stations on Alpowa are shown in Figure 2-23. The lowest flow calculated
was 2.7 cfs and occurred at RM 17.11. The highest flow of 7.6 cfs occurred at RM 4.69.
Table 2-9 provides all the calculated flow in Alpowa Creek. A single irrigation diversion
was observed at RM 9.63, totaling a diversion of 1.2 cfs. The irrigation system consisted
of a lateral line with 20 elevated heads and provided irrigation to approximately 5 acres
(Figure-24). No measurable tributary flow was observed entering Alpowa Creek.

Alpowa Creek gained 4.6 cfs due to groundwater interactions from RM 1.00 to 17.13
(Figure 2-25). The largest groundwater gain and loss, respectively, were 1.9 cfs and 1.0
cfs. The max gain occurred between RM 8.89 and 9.93 and the largest groundwater
outflow occurred between RM 5.62 and 6.57.

2.4.4.7 Tenmile Creek

Velocity measurements were recorded at 14 stations along Tenmile Creek, starting at RM
0.25 and ending at RM 15.83. Tenmile creek ran dry at multiple stations (Figure 2-26).
A maximum flow of 1.1 cfs was observed at RM 1.06 (Table 2-10). Two tributaries, Mill
Creek and an unnamed spring entered Tenmile Creek. No irrigation diversions were
observed during the time of measurements.

In the lower 16 miles of Tenmile Creek, 0.2 cfs was lost to groundwater interactions
(Figure 2-27). The largest groundwater gain was 0.3 cfs and occurred between RM 5.73
and 7.03. The largest loss occurred between RM 4.97 and 5.73 and was calculated as
0.3 cfs.

2.4.4.8 Mill Creek

Mill Creek is a tributary to Tenmile Creek. Mill Creek had velocity measured at 8 stations
located between RM 0.06 and 7.70. Similar to Tenmile Creek, stations with no flow were
observed (Figure 2-28). The largest flow occurred at RM 2.86 and was calculated to be
0.30 cfs (Table 2-11). A single unnamed spring with no measurable flow entered Mill
Creek at RM 6.28. No irrigation diversions were located along Mill Creek.

The results of the flow balance on Mill Creek indicate a gain of 0.1 cfs from groundwater
interactions (Figure 2-29). The largest groundwater gain was 0.2 cfs and occurred
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between multiple stations. The peak loss to groundwater of 0.3 cfs occurred between
stations at RM 0.06 and 0.44.
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Table 2-1 Summary of household water use results.

Household Irrigated Lawn Size
Household Population (sq ft) Head of Stock
Betty Koch 1 4,800 25
Bob Chance 2 4,000 14
Bob Kennedy 2 400 0
Brad Forgey 3 2,500 150
Buck and Leeann Hostetler 2 400 90
Chad Johnson 4 3,500 Unknown
Dale and Stacey Dyer 3 2,500 2
Dallas Vantilbury 1 Under Construction 0
Darrell and Sheryl Andrews 2 0 0
Dave and Vonda Gittens 2 0 0
Derek 2 Unknown 0
Dick Allen 2 0 3
Gene Thiessen 2 6,500 150
Gerry and Claudia Winkler 2 0 0
Grady and Jeri Burnam 2 600 5
Graeson "Buster" Parsons 4 0 0
Jay Holzmiller 2 300 Unknown
Jeff and Debbie Allen 2 2,925 0
Jeff and Denise Hammrich 2 450 3
Jim Hollenbeck 1 5,000 2
Joe Lillard 2 400 0
John and Molly Larson 2 Unknown 0
Jon Schlee 2 Unknown Unknown
Justin and Leah Petty 4 Unknown 0
Keith Ausman 2 0 125
Kenny Weiss 2 2,000 0
Laura Hostetler 4 5,500 3
Leo Bausch 1 4,000 4
Mark Greene 2 4,200 0
Matt Seibly 6 14,000 100
Patty Parks 1 400 0
Paul and Sally Knapp 2 Under Construction 0
Phil and Debbie Zembas 2 500 1
Phil Fowler 2 0 0
Rod Hostetler 2 1,200 465
Rod Reeves 4 Unknown 0
Rolf Wolff 2 350 0
Ron Scheibe 2 Unknown 70
Ron Simpson 2 0 0
Sam and Linda Heitstuman 10 900 900
Sam Ledgerwood 2 Unknown 450
Sandy Cunningham 1 Under Construction 5
Steve and Dawn Boyea 4 4,000 0
Steve and Dawn Smith 2 13,500 50
Stewart Keith 2 0 0
Sue Parks 1 75 5
Tim Lynch Unknown 6,000 6
Tom and Kim Hendrickson 2 Unknown 100
Tom Petty 2 2,700 0
Average 2.4 2,463
Total 115 93,600 2,728
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Table 2-2 Water use survey results.

Result
Average Household Population (persons) 2.4
Average Irrigated Lawn Size (acres) 0.06
Average Irrigated Lawn Size (sq ft) 2,463
Estimated Head of Stock 1,900
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Table 2-3 Results of ground water level measurements (continued on next page).

Fall 2008* Spring 2009° Ground Water | Vertical Precision
Well ID Current Well Owner Ground Water Lewel | Ground Water Elevation Measurement Ground Water Lewel | Ground Water Elevation Measurement Elevation Change (ft)
(ft below top of well) (ft, NGVD 1929) Date (ft below top of well) (ft, NGVD 1929) Date (ft)
ASO00267 [Matt Seibly 18.1 3,532 10/29/08 17.5 3,533 05/12/09 0.6 5.5
Washington State Department of

AS00277 [Highways at Anatone NA NA 10/30/08 5.1
AS00281 [Tom Petty 136.7 3,258 12/10/08 6.0
AS00284 [Betty Koch 314 1,752 10/28/08 30.8 1,752 05/13/09 0.6 5.2
AS00286 [Chad Johnson 268.0 2,493 12/10/08 267.9 2,493 05/15/09 0.1 4.6
ASO00293 [Justin and Leah Petty 140.5 2,863 12/10/08 3.3
AS00294 [Justin and Leah Petty 125.3 2,876 12/10/08 5.2
AS00298 |Jeff and Denise Hammrich Dry Dry 11/01/08 4.0
AS00299 |Jeff and Denise Hammrich 352.5 2,009 11/01/08 3.2
AS00302 [Tim Lynch 494.8 2,313 12/11/08 3.7
ASO00305 [Jim Hollenbeck 149.3 1,263 11/03/08 133.3 1,279 05/13/09 16.1 4.9
ASO00310 |Sandy Cunningham Dry Dry 12/10/08 3.1
ASO00315 [Tom and Kim Hendrickson 9.0 1,182 10/28/08 2.8
AS00341 |Laura Hostetler NA NA 10/29/08 6.7
ASO00344 [Leo Bausch 520.2 1,188 11/03/08 4.5
AS00524 [Don Nuxoll 90.1
ASOO0563 [Phil Fowler 98.7 3,878 11/01/08 98.5 3,879 05/14/09 0.2 6.6
ASOO0565 |Dick Allen 45.5 3,993 11/04/08 36.8 4,001 05/14/09 8.8 3.2
ASOO0571 [Stewart Keith 41.1 3,833 10/31/08 38.5 3,835 05/12/09 2.6 3.6
ASO00610 [Keith Ausman 246.3 1,219 11/04/08 6.3
ASO00649 [Dale and Stacey Dyer 357.8 1,160 11/05/08 344.9 1,172 05/15/09 12.9 4.7
ASO00651 [Dave and Vonda Gittens 242.9 1,442 11/03/08 241.6 1,443 05/15/09 1.3 4.0
ASO00663 |Gerry and Claudia Winkler 334.8 812 12/09/08 335.0 811 05/15/09 -0.3 2.9
ASO00670 |Jeff and Debbie Allen 564.7 931 11/03/08 3.8
AS00672 [Joe Lillard 129.8 1,449 11/02/08 4.0
AS00673 |Derek 52.5 757 11/01/08 52.3 757 05/13/09 0.2 6.8
AS00682 [Paul and Sally Knapp 196.7 1,442 11/02/08 197.5 1,441 05/13/09 -0.8 5.3
AS00683 |Phil and Debbie Zembas* 215.3 1,477 11/01/08 218.0 1,474 05/15/09 (-2.7) See note 1 4.0
AS00686 [Ron Simpson 583.0 819 12/11/08 580.5 821 05/15/09 2.5 4.5
AS00690 [Sue Parks? 113.2 1,273 11/02/08 85.9 1,300 05/13/09 (27.3) See note 2 3.7
ASO00801 |Rod Hostetler 422.0 1,747 10/29/08 4.9
AS00802 [Jon Schlee NA NA 11/05/08 5.0
ASO00803 [Bob Kennedy 61.0 3,613 11/04/08 60.2 3,613 05/14/09 0.8 3.0
AS00804 [Kenny Weiss 91.5 2,604 11/05/08 3.0
ASO00805 [Mark Greene 162.0 2,589 11/05/08 7.1
ASO00806 |Dallas Vantilbury NA NA 10/31/08 31.8 05/15/09 5.4
ASO00807 |Brad Forgey NA NA 10/29/08 2.9
ASO00808 [Brad Forgey 10.0 3,476 10/29/08 4.1
ASO0809 [Brad Forgey 7.4 3,476 10/29/08 4.2
AS00810 |Brad Forgey 6.5 3,478 10/29/08 4.2
ASO00811 (WDFW 3.4 1,822 10/28/08 4.0
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Table 2-3 Results of ground water level measurements (continued from previous page).

Fall 2008* Spring 2009° Ground Water | Vertical Precision
Well ID Current Well Owner Ground Water Level | Ground Water Elevation Measurement Ground Water Level | Ground Water Elevation Measurement Elevation Change (ft)
(ft below top of well) (ft, NGVD 1929) Date (ft below top of well) (ft, NGVD 1929) Date (ft)

ASO00812 [Gene Thiessen NA NA 10/28/08 2.5
ASO00813 |Headgate Park 8.2 1,340 10/28/08 3.5
AS00814 [Headgate Park 6.4 1,341 10/28/08 3.5
ASO00815 [Keith Ausman NA NA 10/29/08 4.9
AS00816 |Steve and Dawn Smith NA NA 10/30/08 4.4
ASO0817 [Graeson "Buster" Parsons 79.3 3,071 12/10/08 4.7
ASO00818 |Graeson "Buster" Parsons Dry Dry 12/10/08 NA
ASO00819 [Graeson "Buster" Parsons 185.5 3,008 12/10/08 6.5
AS00820 |Sandy Cunningham NA NA 12/10/08 3.1
AS00821 [Rod Reeves NA NA 12/10/08 4.0
ASO00822 |Rod Reeves 219.0 3,228 12/10/08 3.1
AS00823 [Chad Johnson 251.0 3,035 12/10/08 2.9
AS00824 |Rolf Wolff® 160.0 1,296 12/09/08 180.0 1,276 03/17/09 (-20.0) See Note 3 4.4
AS00825 |Darrell and Sheryl Andrews 51.4 3,907 10/29/08 44.5 3,914 05/14/09 6.9 5.1
AS00826 [Keith Ausman 62.6 4,071 11/04/08 63.0 4,071 05/12/09 -0.4 3.4
ASO00827 |Patty Parks 496.0 919 11/02/08 500.0 915 05/13/09 -4.0 3.6
AS00828 [Steve and Dawn Boyea NA NA 11/04/08 3.8
AS00829 |Grady and Jeri Burnam 15.4 938 11/05/08 2.6
AS00830 [Buck and Leeann Hostetler 186.6 2,907 11/05/08 186.8 2,906 05/14/09 -0.2 2.8
ASO00831 |Bob Chance NA NA 12/11/08 5.0
AS00832 [Ron Scheibe 81.4 3,465 11/04/08 80.4 3,466 05/14/09 1.0 2.6
AS00833 [John and Molly Larson NA NA 12/09/08 5.1
ASO00834 |Rod Hostetler 350.0 1,897 10/29/08 4.5
ASO00835 [Chad Johnson NA NA 12/10/08 NA
ASO00836 |Gene Thiessen 13.7 1,413 10/28/08 2.6
AS00837 [Gene Thiessen 11.9 1,487 10/28/08 3.0
ASO00838 |Rolf Wolff 172.0 1,283 12/09/08 6.0
GARO0133 |Sam Ledgerwood 211.0 1,952 12/09/08 5.5
GARO0134 |Sam Ledgerwood 31.2 1,445 12/09/08 4.8
GARO0407 |Sam Ledgerwood NA NA 12/09/08 2.7
GARO0418 |Sam and Linda Heitstuman NA NA 11/03/08 5.0
GARO0419 |Sam Ledgerwood 27.6 1,267 12/09/08 3.2
GARO0600 |Sam Ledgerwood 12.0 1,313 12/09/08 3.8
GARO0601 |Sam Ledgerwood 43.5 1,446 12/09/08 6.3
GARO0602 |Sam Ledgerwood 39.8 1,265 12/09/08 3.1
GARO0603 |Sam Ledgerwood 38.6 1,834 12/09/08 38.3 1,834 05/13/09 0.3 4.4
GARO0604 |Sam Ledgerwood 35.0 1,649 12/09/08 33.5 1,650 05/13/09 1.5 4.5

Notes: 1) Well ASO06683 was running prior to the spring 2009 measurement. While running, the water level was at 238.25 ft. After 2 hours and 40 minutes, the water level was at 218 ft.

2) Well ASO0690 was running prior to the fall 2008 measurement. The owner indicated the well recharged slowly.elevations between measurements.
3) Well ASO0824 was deepenend inbetween ground water level measurements.

4) Well measurements were taken from Oct. 27 - Nov. 5 and from December 8-11 of 2008.
5) Well measurements were taken from May 12 - May 15 of 2009.
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Table 2-4 Results of mainstem Asotin Creek seepage run.

River Mile Creek Flow | Tributary Flow Tributary Name Irrigation Diversion | Gain (+)/Loss (-) | Cumulative Gain (+)/Loss (-)
(cfs) (cfs) (cfs) (cfs) (cfs)
0.43 34.8 0.0 0.0 -1.0 0.6
2.88 35.8 0.0 0.0 3.8 1.6
3.17 32.0 0.0 0.0 2.1 -2.1
3.18 - 1.4 George Creek 0.0 - -
3.20 28.5 0.0 0.0 -5.5 -4.3
2 4.80 34.0 0.0 0.0 2.0 1.2
s 5.99 32.0 0.0 0.0 -0.7 -0.8
Z 6.71 32.7 0.0 0.0 0.5 -0.1
<§t 8.13 32.3 0.0 0.0 -3.2 -0.5
ﬁ 8.99 35.5 0.0 0.0 4.1 2.7
] 10.93 31.4 0.0 0.0 -2.6 -1.4
E:) 11.62 34.0 0.0 0.0 -1.1 1.2
Z 12.61 35.0 0.0 0.0 1.2 2.3
5 13.69 33.9 0.0 0.0 -1.0 1.1
% 13.74 - 4.9 Charley Creek 0.0 - -
13.76 30.0 0.0 0.0 1.2 2.1
14.28 28.8 0.0 0.0 2.8 0.9
15.27 26.0 0.0 0.0 -1.9 -1.9
15.28 - 25.4 N. Fork Asotin Creek 0.0 - -
15.28 - 2.4 S. Fork Asotin Creek 0.0 - -
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Table 2-5 Results of North Fork Asotin Creek seepage run.

River Mile Creek Flow | Tributary Flow Tributary Name Irrigation Diversion | Gain (+)/Loss (-) | Cumulative Gain (+)/Loss (-)
(cfs) (cfs) (cfs) (cfs) (cfs)
0.02 23.6 0.0 0.0 1.9 4.2
Lx i 0.96 216 0.0 0.0 08 23
% % 8 % 1.85 20.8 0.0 0.0 -1.7 15
z4 <0 3.33 22.5 0.0 0.0 3.2 3.2
4.67 19.3 0.0 0.0 - -

Table 2-6 Results of South Fork Asotin Creek seepage run.

River Mile Creek Flow | Tributary Flow Tributary Name Irrigation Diversion | Gain (+)/Loss (-) | Cumulative Gain (+)/Loss (-)

(cfs) (cfs) (cfs) (cfs) (cfs)

v 0.02 2.5 0.0 0.0 -0.9 -0.7
zu 1.07 3.4 0.0 0.0 0.6 0.2
8 g 1.95 2.7 0.0 0.0 -0.7 -0.5
I = 2.99 3.4 0.0 0.0 0.0 0.2
5 g 3.61 34 0.0 0.0 0.3 0.2
8 <</E> 4.85 3.1 0.0 0.0 -0.1 -0.1

5.81 3.2 0.0 0.0 - -
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Table 2-7 Results of Charley Creek seepage run.

River Mile Creek Flow | Tributary Flow Tributary Name Irrigation Diversion | Gain (+)/Loss (-) | Cumulative Gain (+)/Loss (-)

(cfs) (cfs) (cfs) (cfs) (cfs)
0.00 4.5 0.0 0.0 -0.5 0.1
v 0.99 5.0 0.0 0.0 -1.0 0.6
ld_,J 1.90 6.0 0.0 0.0 0.0 1.6
% 2.87 6.0 0.0 0.0 -0.1 1.6
> 3.85 6.1 0.0 0.0 0.3 1.7
w 5.23 5.7 0.0 0.0 1.2 1.4
e 5.61 4.5 0.0 0.0 -1.1 0.2
6 6.15 5.7 0.0 0.0 -1.8 1.3
6.82 7.4 0.0 0.0 3.1 3.1

7.42 4.4 0.0 0.0 - -

Table 2-8 Results of George Creek seepage run.

River Mile Creek Flow | Tributary Flow Tributary Name Irrigation Diversion | Gain (+)/Loss (-) | Cumulative Gain (+)/Loss (-)
(cfs) (cfs) (cfs) (cfs) (cfs)
0.00 1.7 0.0 0.0 1.7 1.1
0.54 0.0 0.0 0.0 0.0 -0.7
1.01 0.0 0.0 0.0 -0.9 -0.7
1.22 0.9 0.0 0.0 0.0 0.3
1.44 - 0.0 Pintler Creek 0.0 - -
ﬁ 181 0.9 0.0 0.0 0.9 0.3
Eng 2.39 - 0.1 Unknown Tributary 0.0 - -
o 2.42 0.0 0.0 0.0 0.0 -0.6
O] 2.79 0.0 0.0 0.0 0.0 -0.6
% 2.95 0.0 0.0 0.0 -0.4 -0.6
‘o 3.36 0.4 0.0 0.0 -0.2 -0.1
3.87 0.6 0.0 0.0 0.3 0.0
4.30 0.3 0.0 0.0 -0.1 -0.3
4.92 0.4 0.0 0.0 0.0 -0.2
5.12 0.4 0.0 0.0 -0.2 -0.2
5.60 0.6 0.0 0.0 - -
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Table 2-9 Results of the Alpowa Creek seepage run.

River Mile Creek Flow | Tributary Flow Tributary Name . Irrig.ation Gain (+)/Loss (-) | Cumulative Gain (+)/Loss (-)
(cfs) (cfs) Diversion (cfs) (cfs) (cfs)
1.00 6.5 0.0 0.0 -0.9 3.7
1.54 7.4 0.0 0.0 -0.2 4.6
3.53 7.6 0.0 0.0 0.3 4.8
4.69 7.3 0.0 0.0 1.1 4.5
5.62 6.2 0.0 0.0 -1.0 3.4
6.57 7.2 0.0 0.0 1.0 4.5
ﬁ 7.48 6.2 0.0 0.0 -0.3 3.5
w 8.89 6.5 0.0 0.0 1.0 3.7
o 9.63 - 0.0 0.3 - -
< 9.93 5.8 0.0 0.0 -0.2 2.7
% 11.16 6.1 0.0 0.0 0.3 3.0
5 12.46 5.8 0.0 0.0 0.2 2.7
< 13.78 5.5 0.0 0.0 1.5 2.5
13.93 4.0 0.0 0.0 -0.1 0.9
14.19 4.1 0.0 0.0 -0.1 1.0
14.20 4.2 0.0 0.0 0.3 1.1
14.96 3.9 0.0 0.0 1.3 0.8
17.11 2.7 0.0 0.0 -0.4 -0.4
17.13 3.1 0.0 0.0 - -
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Table 2-10 Results of the Tenmile Creek seepage run.

River Mile Creek Flow | Tributary Flow Tributary Name Irrigation Diversion | Gain (+)/Loss (-) | Cumulative Gain (+)/Loss (-)

(cfs) (cfs) (cfs) (cfs) (cfs)
0.25 0.9 0.0 0.0 -0.2 -0.2
1.06 1.1 0.0 0.0 -0.1 -0.1

1.09 - 0.9 Unnamed Spring 0.0 - -
1.16 0.2 0.0 0.0 0.2 0.0
2.37 0.0 0.0 0.0 0.0 -0.2
m 3.60 0.0 0.0 0.0 0.0 0.2
o 4.75 0.0 0.0 0.0 0.0 0.2
Ej 4.97 0.0 0.0 0.0 -0.3 -0.2
- 5.73 0.3 0.0 0.0 0.3 0.1
= 7.03 0.0 0.0 0.0 -0.1 -0.2
E 7.09 0.1 0.0 0.0 0.1 -0.1
8.12 0.0 0.0 0.0 0.0 -0.2
10.79 0.0 0.0 0.0 -0.2 -0.2

10.85 - 0.2 Mill Creek 0.0 - -
10.86 0.0 0.0 0.0 0.0 0.0

15.83 0.0 0.0 0.0 - -

Table 2-11 Results of the Mill Creek seepage run.

River Mile Creek Flow | Tributary Flow Tributary Name Irrigation Diversion | Gain (+)/Loss (-) | Cumulative Gain (+)/Loss (-)

(cfs) (cfs) (cfs) (cfs) (cfs)

0.06 0.2 0.0 0.0 0.2 0.1

0.44 0.0 0.0 0.0 -0.3 0.0

5 2.86 0.3 0.0 0.0 0.2 0.3
lé:J 5.01 - 0.0 0.0 - -

@) 5.11 0.1 0.0 0.0 0.0 0.1

- 5.47 0.1 0.0 0.0 0.1 0.1

= 5.95 0.1 0.0 0.0 0.0 0.0
6.28 - 0.0 Unknown Tributary 0.0 - -
7.70 0.1 0.0 0.0 - -
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Figure 2-1  Household population in the unincorporated project area.
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Figure 2-2 Irrigated lawn size in the unincorporated project area.
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Figure 2-3  Typical lawns receiving little or no irrigation in the Anatone area.

Figure 2-4  Typical residences with no lawn in the Clarkston Heights area.

Figure 2-5  An example of a small lawn (less than 1,000 SF) with garden and
landscaping.
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Figure 2-6 Examples of irrigated lawns by Cloverland (left) and Alpowa (right).
Irrigation Frequency in Project Area
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Figure 2-7 Frequency of irrigation per household.
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Figure 2-9 Location and ground water elevation (ft, NGVD 29) of wells surveyed during May 12-15 of 2009.
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Figure 2-10 Location of field measurements during seepage run
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Figure 2-11 Flow on Asotin Creek during seepage run.
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Figure 2-12 Flow on Alpowa Creek during seepage run.
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Figure 2-13 Velocity measurement stations along Asotin Creek mainstem at RM 3.17
(left) and RM 13.76 (right).
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Figure 2-14 Seepage run results for mainstem of Asotin Creek conducted on
September 16, 2008.
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Figure 2-15 Looking US and DS from station at RM 0.96 along North Fork of Asotin
Creek.
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Figure 2-16 Seepage run results for the North Fork of Asotin Creek conducted on
September 17, 2008.
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Figure 2-17 Looking DS from RM 0.02 (left) and RM 1.95 (right) on the South Fork of
Asotin Creek.
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Figure 2-18 Seepage run results for the South Fork of Asotin Creek conducted on
September 17, 2008.
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Figure 2-19 Looking US from RM 1.90 (left) and RM 5.61 (right) along Charley Creek.
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Figure 2-20 Seepage run results for Charley Creek conducted on September 19, 2008.

Asotin and Alpowa Creek Hydrogeology Report June 30, 2009
HDR Engineering, Inc. and GSI Water Solutions, Inc. Page 2-34



Figure 2-21 A comparison of stations with and with out flow on George Creek.
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Figure 2-22 Seepage run results for George Creek conducted September 20, 2008.
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Figure 2-24 Irrigation system located along Alpowa Creek at RM 9.63.
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