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5 . 0  WATE R U SE
Estimates of water use in WRIAs 44 and 50 were cal-
culated to identify areas of high demand. Water use
was estimated from multiple sources, including:

� Annual water use per connection as reported by
Mansfield and Waterville

� Directly reported numbers of hookups for public
water systems (contained in the Washington State
Department of Health SADIE database)

� Counts of well logs per section made by the Fos-
ter Creek Conservation District

� Number of irrigated acres provided by Douglas
County

The amount of annual water use was divided by the
number of connections to estimate the use per con-
nection for the cities of Mansfield and Waterville.
The average amount of water use per connection for
the two cities is 670 and 367 gallons per day, respec-
tively. A weighted average of 460 gallons per day per
connection was used in calculations for all domestic
wells and system connections.

The WDOH database contains information on the
number of connections in each water system and the
location of the sources used by the system. A water
system is a source with more than one connection.
Water systems are divided into Group A and B sys-
tems for regulatory purposes. Group A water systems
have 15 or more residential connections or 25 or more
people per day for 60 or more days per year.

If a system had sources in more than one section, the
number of connections was divided evenly among the
sections. Both residential and non-residential connec-
tions were assigned a usage of 460 gallons per day.

The well log database was used to estimate water us-
age by users with private wells. Data from this data-
base were entered from well logs submitted by drill-
ers to the Department of Ecology. Ecology began re-
quiring drillers to submit well logs in 1972, so wells
completed before 1972 are not included. Well logs
were summed by section and multiplied by the annual
usage per connection. Each private well was assumed
to use 460 gallons per day.

Irrigation water use was estimated using a GIS cover-
age of irrigated acreage and multiplying by approxi-
mate usage per acre. Irrigated acreage is shown in
Figure 5-1. Most of the irrigation water use is along
the Columbia and was discounted from the water bal-
ance presented in Section 8.0. Irrigation along the
Columbia is mostly for orchards, which use approxi-
mately three af/yr. Most other irrigation occurs in
Moses Coulee, which is planted predominantly in
forage crops. Water use for alfalfa and other forage
crops is also typically three af/yr (Steve King, Pali-
sades Irrigation District, Personal Communication).

Water use during the irrigation season was also cal-
culated for use in a seasonal water balance. The irri-
gation season was assumed to extend from April
through October for a total of seven months. Water
use was estimated by summing 7/12 of the annual
water system and exempt well usage plus all irriga-
tion use.

5 . 1  W A T E R  U S E  I N  W R I A S  4 4  A N D  5 0
Total estimated water usage including irrigation, wa-
ter systems, and private wells is 62,707 af/yr for the
two WRIAs (Table 5-1). Water use during the irriga-
tion season is presented in Table 5-2. Ninety five
percent of the water use in the two WRIAs occurs
during the irrigation season. This is because irrigation
needs account for 99 percent of the water use, while
exempt private wells combined use less than 1 per-
cent of the total.

Eighty-nine percent of the water use occurs within the
Columbia River corridor. The remaining 11 percent
of the water use occurs over the rest of the two
WRIAs (Inland area).

Ninety percent of the water use within the Inland area
occurs in the Moses Coulee sub-basin, mostly for ir-
rigation. Figure 5-2 shows the proportionate annual
use by sub-basin. Another three percent of the water
use within the Inland area is used in the Douglas
Creek sub-basin. Exempt wells use the majority of the
water in the Coyote-Strahl and Jordan-Tumwater sub-
basins. Groundwater systems use the majority of wa-
ter in Douglas Creek, Foster Creek, Rock Island/Sand
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Canyon/Pine Canyon, Lower McCartney, and Upper
McCartney Creek sub-basins.

5 . 2  P R O J E C T E D  W A T E R  D E M A N D
Projected water demand for WRIAs 44 and 50 was
estimated using four types of data: (1) data on zoning
classifications obtained from Douglas and Okanogan
Counties, (2) population data obtained from the State
of Washington Office of Financial Management
(OFM), (3) data on Public Water Systems obtained
from the Department of Health, and (4) water use
data presented in previous sections of this Assess-
ment.

WRIAs 44 and 50 comprise over 1,818 square miles
in Douglas, Grant, and Okanogan Counties. Of that
area, 93% (1,698 sq. mi.) is zoned for dryland agri-
culture (in Douglas County) and approximately 4%
(53 sq. mi.) is zoned for irrigated agriculture (also in
Douglas County). There are two zoning designations
for irrigated agriculture in Douglas County: River-
irrigated Agriculture and Commercial Agriculture.
River-irrigated agriculture is located along the Co-
lumbia River and the water supply for those areas is
the Columbia River. The Commercial Agriculture
zones obtain water from surface or groundwater sup-
plies, but not from the Columbia River. The northern
portion of WRIA 50 is located in Okanogan County,
and it is also located on Colville Confederated Tribe
land. Currently, this portion of the WRIA has the
zoning designation Minimum Requirement District.
This classification is intended to maintain broad con-
trols in preserving rural character and protecting natu-
ral resources within Okanogan County.

The demand for future water for irrigated agriculture
exists in the two WRIAs. This may be satisfied by
enhancing existing water supplies. The purpose of the
planning effort is to establish a basis for developing
future water supplies. Absent a water supply basis,
projected irrigated usage can not be estimated at this
time.

A trend in Douglas County is conversion of irrigated
farmland to residential or commercial/industrial use.
That type of conversion is prevalent in the East We-
natchee area and is also occurring in other locations
along the Columbia River. The conversions are oc-

curring because of low crop values (the lands are
primarily orchards), their more valuable use as resi-
dential land and the proximity of the land to We-
natchee (increasing its value as commercial or indus-
trial land). When lands are converted from irrigated
farmlands to lawns or landscaping, the total water use
often declines as less area is irrigated. The other fac-
tor in evaluating whether water use may increase in
the future is the present difficulty of obtaining new
water rights. Although the Washington State Depart-
ment of Ecology is currently (February 2002) in the
process of issuing new water rights from the Colum-
bia River, the process has been controversial and in-
terrupted by lawsuits. The process may not be com-
pleted until new instream flows are set on the Colum-
bia River, which will likely take years because of the
large number of agencies and interested parties. Wa-
ter rights for water sources other than the Columbia
River would also likely take years to process.

The water demands for residential, commercial and
industrial use are likely to increase in the future be-
cause of increased population. Estimates of the in-
creased water demands were made using data on
Water Systems obtained from the Department of
Health and population data obtained from OFM.

The estimated increase in population in Douglas
County for the period from 2001 to 2025 is shown in
Table 5-3.

The projected population increase in the portion of
WRIA 50 in Okanogan County was estimated by
multiplying the 2000 population for the Census Tract
that best fits that area (Tract 970100 and 970200) by
the estimated percent increase in population for the
entire County. The results of that calculation are
shown in Table 5-4.

An estimate of future residential water demand was
prepared by multiplying the estimate of per capita
water consumption by the projected population. Sec-
tion 5.0 presented the per connection water demand,
based on water use data from the Cities of Waterville
and Mansfield. The water demand per connection
averaged 460 gallons per day. This per connection
estimate was converted to a per capita use by dividing
the per connection use by the average number of peo-
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ple in a household in those two cities. The average
per capita use is 250 gallons per day (gpd) using that
method. That use appears high based upon other wa-
ter use studies performed by the consultant team but
is used as it provides a conservative (high) estimate of
future water use. Table 5-5 shows the estimated fu-
ture water demands for WRIAs 44 and 50.

Much of the future residential water use will occur in
urban areas adjacent to the Columbia River in East
Wenatchee, Rock Island and Bridgeport. The water
supply for those areas is derived from the Columbia
River, either through surface water diversions or from
groundwater that is likely in continuity with the Co-
lumbia River. An estimate was made of the split of
water demands between the areas served by Columbia
River water and those inland. The population served
by the water systems that obtain water from Colum-
bia River sources in Douglas County was estimated
using the Department of Health database on Public
Water Systems. That estimated population for current
conditions is 25,789. The total is 79% of the total
population in Douglas County. To estimate the
amount of future water use in the areas adjacent to the
Columbia River, we have assumed the same percent-
age of population applies to water use. The future
water demands shown in Table 5-5 are multiplied by
79% to obtain that estimate. The remainder of the
future water use will occur inland. In Okanogan
County, we have assumed all of the future demands
will occur inland through growth in residential con-
nections. Table 5-6 summarizes those calculations.

There is slow but continued recreational and perma-
nent residential development in the Rim Rock Mead-
ows development and in Sage Brush Flats.



Table 5-1. Annual Water Use By Sub-Basin

Subbasin Name
Exempt 

Wells

Ground-
water 

Systems Irrigation Total Usage

Percent of 
Inland 
Usage

Coyote-Strahl 5.9 0.0 0.0 5.9 0.08
Jordan-Tumwater 9.7 0.0 1.2 10.9 0.16
Upper Columbia Swamp Creek 7.5 0.0 126.0 133.5 1.92
Foster Creek 17.0 69.3 0.0 86.4 1.24
Rock Island/Sand Canyon/Pine Canyon 29.3 67.6 8.2 105.0 1.51
Moses Coulee (Total of basins below) 97.7 268.9 6,247.2 6,613.8 95.09

Moses Coulee 35.2 8.9 6,246.1 6,290.2 90.44
Douglas Creek 28.1 166.8 1.1 196.0 2.82
Lower McCartney (Total of basins below) 34.4 93.2 0.0 127.6 1.83

Lower McCartney Creek 21.4 38.5 0.0 59.8 0.86
Upper McCartney Creek 13.0 54.7 0.0 67.8 0.97

Inland 167 406 6,383 6,955 100.00

Columbia 251 5,733 49,769 55,752

Grand Total 418 6,138 56,151 62,707
Percent of Total 0.67% 9.79% 89.54%

Values are in acre-feet per year
Grey highlighted rows are the sum of all values listed below and are not included in the Inland totals column.



Table 5-2. Water Use By Sub-Basin for the Irrigation Season

Sub-Basin Name
Exempt 

Wells

Ground-
water 

Systems Irrigation Total Usage

Percent of 
Inland 
Usage

Coyote-Strahl 3.4 0.0 0.0 3.4 0.05
Jordan-Tumwater 5.7 0.0 1.2 6.9 0.10
Upper Columbia Swamp Creek 4.4 0.0 126.0 130.3 1.94
Foster Creek 9.9 40.4 0.0 50.4 0.75
Rock Island/Sand Canyon/Pine Canyon 17.1 39.4 8.2 64.7 0.96
Moses Coulee (Total of basins below) 57.0 156.9 6,247.2 6,461.1 96.19

Moses Coulee 20.5 5.2 6,246.1 6,271.8 93.38
Douglas Creek 16.4 97.3 1.1 114.8 1.71
Lower McCartney (Total of basins below) 20.1 54.4 0.0 74.4 1.11

Lower McCartney Creek 12.5 22.4 0.0 34.9 0.52
Upper McCartney Creek 7.6 31.9 0.0 39.5 0.59

Total Inland 97 237 6,383 6,717 197.30

Total Columbia 146 3,344 49,769 53,259

Grand Total 244 3,581 56,151 59,976
Percent of Total 0.41% 5.97% 93.62%

Values are in acre-feet per year
Grey highlighted rows are the sum of all values listed below and are not included in the Inland totals column.
Irrigation season was assumed to be April-October



Table 5-3. Future Projected Population in Douglas County

2000 2005 2010 2015 2020 2025
Population 32,603 36,257 39,196 42,302 44,920 47,428

Source: http://www.ofm.wa.gov/pop902020/pop902020toc.htm

Table 5-4. Future Projected Population in Portion of Okanogan County
                    in WRIA 50

2000 2005 2010 2015 2020 2025
Population 5,916 6,579 7,112 7,676 8,151 8,606

Table 5-5. Future Projected Residential Water Demand

2000 2005 2010 2015 2020 2025
Douglas County

Population 32,603 36,257 39,196 42,302 44,920 47,428
Water Demand (af/yr) 9,130 10,153 10,976 11,846 12,579 13,281

Okanogan County
Population 5,916 6,579 7,112 7,676 8,151 8,606
Water Demand (af/yr) 1,657 1,842 1,992 2,149 2,283 2,410

Total Water Demand 10,786 11,995 12,968 13,995 14,861 15,691

Table 5-6. Future Projected Residential Water Demand by Location

2000 2005 2010 2015 2020 2025
Douglas County

Estimated Population near Columbia River (79% 
of total Douglas County Population) 25,789 28,679 31,004 33,461 35,532 37,516

Estimated Water Demand near Columbia River 
(af/yr) 7,222 8,031 8,682 9,370 9,950 10,505

Estimated Inland Population (21% of total 
Douglas County Population)

6,814 7,578 8,192 8,841 9,388 9,912

Estimated Water Demand in Inland Areas (af/yr)
1,908 2,122 2,294 2,476 2,629 2,776

Okanogan County
Estimated Population 5,916 6,579 7,112 7,676 8,151 8,606
Estimated Water Demand (af/yr) 1,657 1,842 1,992 2,149 2,283 2,410
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6 . 0  RECHA RGE  ANA LY SES
This section includes analyses of recharge to ground-
water from precipitation and a recharge/discharge
analysis which identifies areas of streams that are
gaining or losing water to the underlying aquifer.

6 . 1  G R O U N D W A T E R  R E C H A R G E
The USGS has made an estimate of recharge to
groundwater for WRIAs 44 and 50 as part of the Co-
lumbia Basin project (USGS, 1990). The study used
the Deep Percolation Model (DPM) which uses geo-
graphic distributions of soil type, surficial geology,
solar radiation, temperature, stream flow, foliar cover,
land cover, and precipitation to estimate recharge.
The model was run for 53 sub areas within the model
domain (Columbia Basin). The USGS also found that
recharge could be estimated in areas of high precipi-
tation using a linear relationship between precipita-
tion and recharge. In areas of low precipitation, the
USGS found that estimated recharge is generally
small, but is less closely related to precipitation.
Therefore areas of low precipitation will likely be
affected by the greatest error when using these meth-
ods. The USGS study estimated that a maximum error
of about 25 percent can be assumed for most zones
presented in the report.

The USGS relationship was used to estimate recharge
in the two WRIAs. An isohyetal map was used to es-
timate the average annual precipitation per section.
The isohyetal map was produced by the USDA-
Natural Resources Conservation Service The USGS
relationship was used to convert precipitation to re-
charge. Total recharge to each sub basin was then
estimated by summing the recharge over each sub
basin.

Total estimated recharge to the two WRIAs using this
relationship is 220,346 af/yr. Recharge to the Inland
area alone is approximately 188,337 af/yr. Water re-
charge by sub-basin on an annual basis is presented in
Table 8-1, and for the irrigation season (April
through October) in Table 8-2.

6 . 2  S U R F A C E  W A T E R  R E C H A R G E  -  D I S -
C H A R G E  A N A L Y S I S

Recharge/Discharge analysis identifies areas of a
stream that are gaining or losing water to underlying

groundwater. Two factors control the flow of water
between surface water and groundwater: the hydrau-
lic gradient between the two water bodies, and the
hydraulic conductivity of the materials between the
two water bodies.

Hydraulic conductivity refers to the ability of a geo-
logic material to transmit water. Hydraulic conduc-
tivity was assessed using a surficial geology map of
the WRIAs (Department of Natural Resources). The
geology of WRIAs 44 and 50 in Douglas County is
predominated by basalt bedrock overlain by
unconsolidated sediments called alluvium. The grain
size of the alluvium is dependent on the environment
in which it was deposited. Low energy environments
such as lakes deposit fine materials like silt and clay.
High energy environments such as flood events de-
posit coarse materials such as gravels and cobbles.
The rock types were grouped into four categories in
rough order of decreasing hydraulic conductivity:
coarse alluvium, undefined alluvium (unknown or
mixed grain size), fine alluvium, and bedrock. These
groups were then mapped along with the streams of
the WRIAs in Figure 6-1.

Hydraulic gradient is the difference in elevation be-
tween the two water bodies divided by the distance
between them. No map exists of hydraulic gradient as
it does for geology, however, gradient can be inferred
from the conceptual model presented in Section 3.1.
Most streams generally gain water as they progress
down stream. However, as the streams enter the
coarse alluvium surrounding the Columbia River and
Moses Coulee, the underlying groundwater is typi-
cally at a lower elevation than the surface water. The
combination of coarse materials and lower ground-
water elevation results in loss of water from the
streams. In the case of McCartney Creek and Pine
Canyon Creek, the creeks dry completely before
reaching the Columbia River.

The eight streams that are the focus of this investiga-
tion are: Foster Creek, Rock Island Creek, Douglas
Creek/Moses Coulee, Corbaley/Pine Canyon Creek,
Coyote Creek, McCartney Creek, Rattlesnake Creek,
and Sand Canyon Creek. Geologic analysis and the
related hydraulic conductivity are examined on a
stream by stream basis. Areas of recharge and dis-
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charge may change through out the year based on
storm events or droughts. Dam construction, channel
alterations such as dredging or straitening, and other
human-induced effects may also alter areas of re-
charge and discharge.

6.2.1 FOSTER CREEK
Foster Creek has three forks, the East, West, and
Middle Forks. In general, all three forks are underlain
by fine and undefined alluvium. Therefore, Foster
Creek likely gains water for the majority of its extent.
In the lower reaches of the East Fork and the upper
mainstem, the substrate changes to coarse alluvium
and water may be lost to the underlying groundwater.
However, a dam is located a short distance from the
Columbia River and is keyed into bedrock. Surface
water will gain significantly as it moves from the al-
luvium to the bedrock.

6.2.2 ROCK ISLAND CREEK
Rock Island Creek is underlain by bedrock for ap-
proximately the first two-thirds of its course form its
source. The creek likely gains water along this sec-
tion. In the last third, the substrate is undefined but is
likely coarse alluvium as is most of the surrounding
material. Local information suggests that the stream
loses water in this area. However, a developed spring
exists with in the last mile of the stream which adds
significantly to the stream flow.

6.2.3 DOUGLAS CREEK/MOSES COULEE
Douglas Creek winds north-south across most of
WRIA 44. The streambed initially consists of fine
sediment, but enters a bedrock valley not far along its
course. The Creek flows through the valley for ap-
proximately half of its total length and then enters
Moses Coulee where the substrate changes to coarse
alluvium. Within Moses Coulee the creek flow re-
charges completely to the underlying groundwater
and the creek does not discharge to the Columbia
River.

6.2.4 MCCARTNEY CREEK
McCartney Creek begins in the northeast portion of
WRIA 44 and generally flows towards the southwest.
The upper two-thirds of the stream flows through fine
sediment (and two large lakes) before entering coarse
alluvium where it goes subsurface and potentially
rises again as lower McCartney Creek. The creek

likely gains water for the majority of this lower sec-
tion. McCartney Creek flows into Rattlesnake Creek.

6.2.5 RATTLESNAKE CREEK
Rattlesnake Creek trends east-west across WRIA 44.
The creek can be roughly divided into three sections
based on substrate conditions; the eastern portion
consists of coarse alluvium, the middle is bedrock,
and the west end is undefined alluvium. The stream
likely loses water on the western, downstream reach
and loses all of its water to the underlying ground-
water before reaching Douglas Creek.

6.2.6 PINE CANYON CREEK
Pine Canyon Creek flows west towards the Columbia
River in eastern WRIA 44. The creek substrate
changes from fine alluvium to bedrock to coarse allu-
vium as it flows towards the Columbia River. The
creek looses water in the coarse alluvium section and
is completely dry before reaching the Columbia
River.

6.2.7 COYOTE CREEK
Coyote Creek runs north-south in the northern-most
portion of WRIA 50 on the north side of the Colum-
bia River. The streambed substrate consists of bed-
rock, which changes to coarse, undefined, and then
fine alluvium in downstream succession. The Creek
likely gains water in all reaches except for the where
it is underlain by coarse alluvium. In this section, the
stream may lose water to the underlying groundwater.

6.2.8 SAND CANYON CREEK
Sand Canyon Creek flows from east to west in the
south western portion of WRIA 44. Water in the
creek is predominantly derived from irrigation canals
spills. The streambed consists of coarse alluvium for
its entire course suggesting a loosing stream. How-
ever, local information suggests that the stream gen-
erally gains water over its entire length.
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7 . 0  SU RFACE WAT ER  A NALYS ES

7 . 1  S T R E A M F L O W  M O N I T O R I N G
A streamflow monitoring program was initiated to
obtain hydrologic data on streams that had not previ-
ously been measured in WRIAs 44 and 50. This data
was used to estimate the total surface water discharge
from the two WRIAs. Though it was intended to be a
Level 2 task, the monitoring program was started
during Level 1 studies to support surface water runoff
analysis for the Watershed Assessment. As a result,
five streamflow monitoring stations were installed in
June 2001. These stations were Sand Canyon, Rock
Island Creek, Douglas Creek, Pine Canyon, and Fos-
ter Creek. The Sand Canyon station was removed in
late 2001 after determining that streamflow present
was derived from irrigation canal spills. In August
2002 three more stations were installed, which are the
West Foster, McCarteney and Rattlesnake Spring sta-
tions. Monitoring station locations are given on Fig-
ure 1-1 and Table 7-1.

The streamflow gaging stations consist of a pressure
transducer connected to data loggers, which digitally
record the water levels. The water depths recorded by
the data loggers were converted to discharge using
rating curves at each site. The rating curves were pre-
pared using depth-discharge relationships measured
in the field.

The gaging stations have been serviced monthly by
Conservation District staff. The work performed
during those visits include downloading data from the
data logger, rotating batteries, reading the staff gage,
and measuring discharge. Discharge is measured by
taking velocity readings across a stream cross-section
using the Swoffer® velocity metering instrument. The
sum of the velocity readings multiplied by corre-
sponding cross-sectional areas is the stream dis-
charge. The discharge measurements are not required
for each monthly visit, and thus far six to sixteen dis-
charge measurements have been taken at each site.

In addition to the seven stations listed, an eighth sta-
tion, consisting of only a staff gage, was installed on
private property upstream from the Rock Island sta-
tion. This station was installed to measure flow from
a spring located on the private property. Staff gage

measurements were recorded monthly and discharge
measurements were taken about every other month,
as was done at the other stations.

Rating curves were generated for the seven stations
based on the velocity measurements taken in 2001
and 2002; these rating curves allow estimation of
stream flow from the stream stage. The rating curves
were generated using an approach discussed in the
USGS Water-Supply Paper 2175, “Measurement and
Computation of Streamflow:  Vol. 2 Computation of
Discharge”. The intent is to establish a channel con-
trol in a stable, natural channel. Manning’s equation
for flow is used with some simplifying assumptions.

Q = 1.49/n A R2/3 S1/2

At higher stages the energy slope (S) tends to become
constant. Furthermore, area (A) is approximately
equal to depth (D) times width (W), the hydraulic
radius R is appreciably smaller than D, and W is con-
sidered a constant. Making the substitutions and ex-
pressing S½ /n as a constant C yields the following
equation:

Q = C(ght – A)R

where,
Q = Streamflow, cfs

C = Multiplication constant representing
relative stream area

ght =  Water level height, ft
A = Correction factor for bottom of

streambed, ft
R = Curvature factor for cross-sectional

shape of streambed

Table 7-2 presents the results of the rating curve
analysis for all seven stations. Note that for the sta-
tions listed the estimated rating error ranges from 22
to 88%. The rating error indicates the accuracy of the
rating curve. For example, a rating error of 22% indi-
cates that estimated flows may be up to ±22% of the
actual discharge with 95% confidence. USGS de-
scribes rating curves as excellent for a rating error of
less than 5%, good (<10%), fair (<15%), and poor
(>15%). Following these guidelines, all of the stations
result in poor rating curves. However, these streams
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are very small in comparison to most USGS gaged
streams. Small streams are much more difficult to rate
than large streams because small irregularities in the
channel can have relatively large effects, such as
vegetation growth, movement of cobbles, and higher
variations in velocity throughout the cross-section. In
addition, although apparent rating error is high, the
difference in discharge is not great. For example, a
rating error of ±22% for a measured discharge of 1
cfs gives an estimated range of 0.8 to 1.2 cfs. The
measurement error also usually decreases with addi-
tional measurements, and the apparently high rating
error also reflects the short period of record and num-
ber of measurements taken. Appendix A provides
graphs of the rating curves and supporting data. Dis-
charge measurements began in June of 2001 and con-
tinue to December 2002.

Using the rating curves specified in Table 7-2, graphs
of stream discharge were generated and are provided
in Figures 7-1 and 7-2. The same information is pro-
vided in tabular form in Appendix A.

7 . 2  E S T I M A T E S  O F  S T R E A M F L O W  P R E S E N T
Estimates of streamflow are presented in the follow-
ing sections. The methodology used to estimate
streamflow was to first separate streamflow records
from the WRIAs 44 and 50 streams into baseflow and
surface runoff. Estimates for water year (WY) 2002
extended from October 1, 2001 to September 30,
2002. Those baseflow and surface runoff estimates
were compared to the same estimates for a nearby
stream gage (Crab Creek at Irby) that also has a long-
term streamflow record. The long-term average base-
flow and surface runoff for the Crab Creek gage was
compared to WY 2002 baseflow and surface runoff to
review the effect of a dry year (WY 2002) on stream-
flow. The WY 2002 baseflow and surface runoff es-
timates for WRIAs 44 and 50 streams were then in-
creased to account for higher long-term average
streamflow found in the Crab Creek at Irby stream-
flow record.

7 . 3  B A S E F L O W  A N D  S U R F A C E  W A T E R
R U N O F F  E S T I M A T E S  F O R  W R I A S  4 4
A N D  5 0  S T R E A M S

Four of the seven streamflow monitoring stations had
complete data for WY 2002, which included the sta-

tions installed in 2001: Douglas, Foster, Pine Canyon
and Rock Island. WY 2002 data from these stations
were input into HYSEP. HYSEP is a USGS computer
program that is used to separate a streamflow hydrog-
raph into baseflow and surface runoff components.
The baseflow component represents groundwater dis-
charge and the surface runoff component represents
runoff from saturated overland flow caused by pre-
cipitation. HYSEP includes three methods of hydrog-
raph separation that are referred to in the literature as
the fixed-interval, sliding-interval, and local mini-
mum methods. The local minimum method was used
for the four hydrographs.

Table 7-3 presents a summary of the results of the
HYSEP analysis for the Douglas, Foster, Pine Can-
yon and Rock Island stations. The results are pre-
sented in inches, which allows for a comparison of
flow values between basins. One inch of runoff has a
volume of one inch multiplied by the basin area. Ap-
pendix A contains the HYSEP output.

7 . 4  W A T E R  Y E A R  2 0 0 2  P R E C I P I T A T I O N
C O M P A R I S O N

Precipitation records show that WY 2002 was a dryer
than normal year. Records for WY 2002 at three pre-
cipitation monitoring stations within WRIAs 44 and
50 were reviewed. The stations are Waterville,
Ephrata AP and Wilbur. Each station has a period of
record greater than 50 years. Table 7-4 presents the
comparison of WY 2002 annual precipitation to the
long-term average annual precipitation. The average
WY 2002 precipitation at those stations was 8.0
inches compared to a long-term average of 10.5
inches. The WY 2002 precipitation ranks in the 18th
percentile when compared to the historic record of the
three stations. The 18th percentile is approximately
equal to a recurrence interval of five years.

7 . 5  W A T E R  Y E A R  2 0 0 2  S T R E A M F L O W
C O M P A R E D  T O  H I S T O R I C  R E C O R D S

A review of historic streamflow data for WRIAs 44
and 50 shows the only gaging station with daily flow
data in WRIA 44 was for the Douglas Creek at Al-
stown gage. The period of record for that gage is from
1949 to 1955 and 1963 to 1968. Because of the pau-
city of data in WRIAs 44 and 50, data from a nearby
stream was used in this analysis. Streamflow infor-
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mation was obtained from Washington State Depart-
ment of Ecology Water Supply Bulletin No. 60, “Es-
timated Baseflow Characteristics of Selected Wash-
ington Rivers and Streams”. The stream gage was
selected based on its geographic proximity and its
hydrologic regime. It is located in WRIA 43 and is on
Crab Creek at Irby, WA (USGS Station 12465000).
The gage has a drainage basin of 1,042 square miles.
The average annual precipitation in that basin is 9
inches. In comparison, the average annual precipita-
tion for the WRIAs 44 and 50 basins is approximately
10.5 inches.

HYSEP was run on the Crab Creek gage for WY
2002 and for the entire period of record. Table 7-5
summarizes the output. Total streamflow for WY
2002 was only 44% of the long-term average (about
0.5 inches less than long-term average), indicating a
much drier than normal year. In comparison, Table 7-
4 indicates the precipitation for WY 2002 was ap-
proximately 2.5 inches less than the long-term aver-
age.

Table 7-5 also shows that the baseflow comprised
90% of the total streamflow for WY 2002, where it
only comprised 60% of the total streamflow for the
period of record. The ratio of baseflow for WY 2002
to the long-term average baseflow was 65%; the ratio
of surface runoff for WY 2002 to the long-term aver-
age surface runoff was only 11%. The lower than
normal surface runoff during WY 2002 also reflects
the much less than average rainfall that occurred in
WY 2002.

7 . 6  E S T I M A T I O N  O F  L O N G - T E R M  A V E R -
A G E  F L O W

Long-term total streamflow, baseflow and surface
runoff were estimated for the four stations that had
complete data for WY 2002. Long-term baseflows
were estimated for these stations by dividing their
WY 2002 baseflow values by the ratio of WY 2002
baseflows to long-term baseflows for the Crab Creek
at Irby gage. That ratio is about 1.5. Surface runoff
flows were estimated in the same way for these sta-
tions: by dividing their WY 2002 surface runoff flow
values by the ratio of WY 2002 surface runoff flows
to long-term surface runoff flows for the Crab Creek
at Irby gage. That ratio is approximately 9. Summing

the base flow and the surface runoff flow resulted in
total streamflow. This method accounts for the dry
year in which data was collected.
 
Table 7-6 presents estimated long-term average flows
for WRIAs 44 and 50 streams. Note that since Doug-
las Creek had such high base flow, the base flow was
not increased for purposes of estimating the long-term
average base flow.
 
The estimated long-term average flows in the WRIAs
44 and 50 streams are much higher than expected
when compared to the data collected from the re-
cently installed monitoring stations. However, the
monitoring stations have been collecting data during a
very dry year. More streamflow monitoring data is
needed to better estimate the long-term streamflow
from the streams throughout WRIAs 44 and 50. We
recommend the monitoring stations be maintained at
least through a period of average rainfall to refine the
estimates contained in this report.
 
Table 7-7 presents an estimate of long-term average
flow of WRIAs 44 and 50 subbasins. Each of the
subbasin flows were estimated by multiplying flow
values in inches listed in Table 7-6 by the corre-
sponding subbasin area. The Foster Creek flow values
were applied to the Coyote-Strahl, Jordan-Tumwater,
Upper Columbia-Swamp Creek, Foster Creek and
Upper and Lower McCarteney Creek subbasins. The
Douglas Creek flow value was applied to the Douglas
Creek subbasin. Rock Island and Pine Canyon sta-
tions were combined to estimate the Lake Entiat sub-
basin flow, since both lie within the Lake Entiat sub-
basin. Rattlesnake Creek subbasin flow was estimated
to be zero by observation. Table 7-7 includes the total
streamflow, base flow and surface runoff estimates
for each of the nine subbasins.
 
Table 7-7 should be used with caution because the
streamflows change significantly along stream
reaches as a function of the underlying geology. For
instance, Rattlesnake Spring has measureable flow
throughout the year, but further downstream there has
not been any observed flow. A more in-depth analysis
of each subbasin is recommended prior to using the
data for basin-wide instream flow estimates.



Table 7-1. Location of Streamflow Monitoring Stations

Station Name Drainage Area 
(Sq. Mi.) Sub-Basin Location Quadrant; Section; 

Township; Range
Date 

Installed

Douglas Creek 200 Douglas Creek Upstream of an old concrete pier; site of an old 
USGS gaging station SE1/4 S24 T23N R23E

7/9/01

Foster Creek 275 Foster Creek Just upstream of impoundment.  Foster Creek, 
approx. mile 0.7. NW1/4 S25 T29N R25E

6/20/01

W. Foster Creek 140 Foster Creek Underneath Highway 17 bridge.  Foster Creek, 
approx. mile 1.9. S35 T29N R25E

8/2/02

McCarteney Creek 503 Lower McCarteney At trail crossing along dam crest of a sediment 
filled pond. S13 T23N R24E

8/1/02

Pine Canyon Creek 18 Lake Entiat At the outlet of the culvert.  Pine Canyon Creek, 
approx. mile 4.5. NW1/4 S24 T25N R21E

6/21/01

Rattlesnake Spring 95 Rattlesnake Creek Located at an unused weir and stilling basin, at 
headwater of spring. S36 T23N R24E

7/31/02

Rock Island Creek 100 Lake Entiat Mounted to old concrete structure which is next 
to the Chelan PUD pump station. SE1/4 S32 T22N R22E

6/21/01



Table 7-2. Rating Curves for WRIAs 44 and 50 Streams

C A R
Douglas Creek 11.7 0.4 2.6 22%

Foster Creek 70 0.2 3.2 78%

W. Foster Creek 10 0.5 3.5 27%

McCarteney Creek 3.2 0.5 1.7 25%

Pine Canyon Creek 4 0.4 2.6 27%

Rattlesnake Spring 5.5 0.3 2.25 46%

Rock Island Creek 22 0.1 2.5 88%

Station Name Rating Curve Coefficents Estimated Rating 
Error1

1 Measured discharges are within the est. error of the true discharge (95% confidence).



Table 7-3.  Hydrograph Separation of WRIAs 44 and 50 Streams for WY2002

Station Name
Mean 

Streamflow 
(cfs)

Mean Base 
Flow (cfs)

Mean Surface 
Runoff (cfs)

Total 
Streamflow 

(in)1

Total Base 
Flow (in)1

Total Surface 
Runoff (in)1

Douglas Creek 12.6 12.4 0.2 0.85 0.84 0.01

Foster Creek 4.0 2.9 1.1 0.20 0.14 0.05

Pine Canyon Creek 0.5 0.5 0.02 0.35 0.34 0.01

Rock Island Creek 0.8 0.7 0.1 0.11 0.10 0.01

Average (w/o Douglas Cr.) 0.22 0.19 0.02
1 Flow stated in inches computed by dividing flow by basin area and converting to inch units.



Table 7-4. Comparison of WY2002 to Long-Term Precipitation

Precipitation Gage Station WY 2002 Precip. 
(in)

Long Term 
Average Annual 

Precip. (in)

WY 2002 Percentile 
(Rank) of Long-Term 

Annual Precip.

Approximate 
Recurrence 

Interval (years)

Waterville (P.O.R. 1931-2002) 7.9 11.3 18% 5.6

Ephrata AP (P.O.R. 1949-2002) 6.0 7.6 15% 6.7

Wilbur (P.O.R. 1900-2002) 10.0 12.6 20% 5.0

Average 8.0 10.5 18% 5.7



Table 7-5.  Hydrograph Separation of Crab Creek at Irby USGS Station 1

Mean 
Streamflow 

(cfs)

Mean Base 
Flow (cfs)

Mean Surface 
Runoff (cfs)

Total 
Streamflow 

(in)2

Total Base 
Flow (in)2

Total Surface 
Runoff (in)2

Water Year 2002 28.9 26.1 2.8 0.38 0.34 0.04

Long Term Average 66.3 40.4 25.9 0.86 0.53 0.34

% of Long Term Average 44% 65% 11% 44% 65% 11%
1 Crab Creek at Irby Washington, USGS Station No. 12465000, 1,042 sq.mi., P.O.R. 1942-2002
2 Flow stated in inches computed by dividing flow by basin area and converting to inch units.



Table 7-6.  Estimated Long Term Average Flows of WRIAs 44 and 50 Streams

Station Name
Mean 

Streamflow 
(cfs)

Mean Base 
Flow (cfs)1

Mean Surface 
Runoff (cfs)1

Total 
Streamflow 

(in)2

Total Base 
Flow (in)2

Total Surface 
Runoff (in)2

Douglas Creek3 14.1 12.4 1.8 0.96 0.84 0.12

Foster Creek 14.2 4.5 9.7 0.71 0.22 0.49

Pine Canyon Creek 0.9 0.7 0.2 0.64 0.52 0.11

Rock Island Creek 1.7 1.1 0.6 0.23 0.15 0.08

Pine Canyon/Rock Is.4 2.6 1.8 0.8 0.30 0.21 0.10
1 Base flow and runoff are estimated by dividing WY2002 values by Crab Creek % of long term averages.
2 Flow stated in inches computed by dividing flow by basin area and converting to inch units.
3 Douglas Creek base flow is not adjusted from WY2002 value.
4 Sum of Pine Canyon and Rock Island Gages.



Table 7-7.  Estimated Long Term Average Flows of WRIAs 44 and 50 Subbasins

Subbasin Area (sq.mi.) Mean Streamflow 
(cfs)

Mean Base Flow 
(cfs)

Mean Surface 
Runoff (cfs)

Coyote-Strahl1 208.6 10.8 3.4 7.4

Jordan-Tumwater1 217.3 11.2 3.6 7.7

Upper Columbia-Swamp Creek1 93.1 4.8 1.5 3.3

Foster Creek1 332.1 17.2 5.5 11.7

Lake Entiat2 264.1 5.9 4.0 1.9

Rattlesnake Creek3 217.9 0 0 0

Douglas Creek4 204.6 14.4 12.6 1.8

Lower McCarteney Creek5 256.9 13.3 4.2 9.1

Upper McCarteney Creek5 245.7 12.7 4.0 8.7
1  Estimated from the Foster Creek gage.
2  Estimated from the combined Rock Island and Pine Canyon gages.
3  Estimated no flow by observation
4  Estimated from the Douglas Creek gage.
5  Estimated from the Foster Creek gage.  The McCarteney gage has only existed for a few months.



Figure 7-1 Streamflow Hydrograph
Douglas Creek

Phase 2 Basin Assessment
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Figure 7-2 Streamflow Hydrograph
Foster Creek
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Figure 7-3 Streamflow Hydrograph
Pine Canyon Creek
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Figure 7-4 Streamflow Hydrograph
Rock Island Creek
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Figure 7-5 Streamflow Hydrograph
McCarteney Creek

Phase 2 Basin Assessment
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Figure 7-6 Streamflow Hydrograph
Rattlesnake Spring
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Figure 7-7 Streamflow Hydrograph
West Foster Creek
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