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8 . 0  WATE R BA LA NCE
A water balance compares water availability to water
use within a given basin. Information available for
use in calculating the water balance for WRIAs 44
and 50 included groundwater recharge, surface water
base flow, surface water runoff and water use infor-
mation described in previous sections of this report.
Surface water inflow to a basin was estimated as the
sum of base flow (surface water derived from
groundwater inputs to the stream) and runoff from
upstream basins. Unimpacted surface water discharge
was estimated as the sum of base flow and runoff for
that basin. This flow was considered unimpacted be-
cause it is the theoretical flow without water usage
subtracted. Unimpacted groundwater discharge was
estimated as recharge minus base flow. Base flow
must be subtracted since it is groundwater that dis-
charges to surface water and is accounted for in the
water balance as surface water. Unimpacted ground-
water discharge represents the theoretical quantity of
groundwater flowing out of a given sub-basin without
usage. One value not available was the groundwater
inflow from upgradient basins. This data gap could
result in an underestimation of the water available
and an overestimation of the percent of water used.
For this study, groundwater inflow was estimated as
80 percent of the unimpacted groundwater discharge
from upstream basins minus usage. This data gap is
addressed in the recommendations section.

Table 8-1 presents a summary of the water balance
on an annual basis. Total estimated surface water and
groundwater leaving the Inland area is 226,219 af/yr.
An estimated 30 percent of the water discharges as
surface water and 70 percent discharges as ground-
water.

Table 8-2 presents a summary of the water balance
for the irrigation season (April-October). Total esti-
mated discharge from the two WRIAs during the irri-
gation season is 138,791 af/yr, approximately 60% of
the annual discharge from the basins. Although water
discharging along the eastern border of the WRIAs
discharges to Banks Lake and the Sun Lakes, the
majority of the water discharges directly to the Co-
lumbia River.

8 . 1  C O M P A R I S O N  W I T H  W A T E R  U S A G E
Water use as estimated in Section 5.1 was compared
to available water in each sub-basin (Table 8-1). Fig-
ure 8-1 is a geographic representation of the annual
water balance. Available water for most basins was
defined as recharge minus base flow because most
basins predominantly use groundwater. However, in
Moses Coulee and Lower McCartney Creek, base
flow, runoff, and surface water inflow were added
because much of the water used for irrigation in this
sub-basin is derived from surface water. On an annual
basis, the largest usage compared to available water is
in the Moses Coulee sub-basin (6 percent), followed
by Upper Columbia Swamp Creek (3 percent), and
Douglas Creek (1 percent). This comparison is very
sensitive to the definition of the Columbia River area.
If some irrigation that is derived from the Columbia
River is attributed to the Inland area, the percent wa-
ter use in the Inland area could increase greatly.

In Table 8-1, water availability was calculated on an
annual basis, whereas the dominant usage, irrigation,
is seasonal. The actual water available for irrigation is
that water available during the irrigation season,
which is less than the water available annually.
Therefore, a seasonal water balance was also per-
formed by comparing the water used during the irri-
gation season to the water available during that same
time period (Table 8-2). Discussion of the seasonal
water use calculations is presented in Section 5.0. The
percent of available water used during the irrigation
season was almost two times the estimates made on
an annual basis. The largest usage was again in the
Moses Coulee sub-basin (11 percent), followed by
Upper Columbia Swamp Creek (5 percent), and
Douglas Creek (1 percent).

8 . 2  W A T E R  R I G H T S  C O M P A R I S O N
Table 8-3 and Figures 8-2 and 8-3 show the com-
parison of water right permits and certificates with
annual water availability. Ground water rights are
compared with recharge minus base flow plus
groundwater inflow from upgradient basins. Surface
water rights are compared with base flow plus runoff
plus surface water inflow from upgradient basins. The
Moses Coulee sub-basin has the largest percent of
available groundwater allocated (24 percent and the
largest percentage of surface water allocated
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(8.0 percent). Upper McCartney (13 percent), Doug-
las Creek (12 percent, and Lower McCartney (10 per-
cent), all have greater than 10 percent of available
groundwater allocated. All other basins have less than
10 percent of groundwater and surface water allo-
cated.

Table 8-4 shows the comparison of allocated water
rights and water right claims with water available.
Sub-basins that have 50 or more percent of available
water allocated are groundwater allocations in Upper
McCartney Creek (63 percent) and Moses Coulee (50
percent) and surface water allocations in Upper
McCartney Creek (105 percent). Basins having 20 to
50 percent allocated are groundwater allocations in
Coyote-Strahl (29 percent), and Douglas Creek (26
percent); and surface water allocations in Rock Is-
land/Sand Canyon/Pine Canyon (34 percent) and
Foster Creek (20 percent).

During the irrigation season, a much higher percent-
age of the available water is allocated to water rights
and claims (Table 8–5, Figures 8-4 and 8-5). Sub-
basins with 100 percent or more of the available wa-
ter allocated during the irrigation season include
groundwater allocations in Upper McCartney Creek
(110 percent), and surface water allocations in Upper
McCartney Creek (146 percent). Basins with 50 to
100 percent of available water allocated include
groundwater allocations in Moses Coulee (88 per-
cent) and Coyote-Strahl (51 percent).



Table 8-1. Annual Water Balance By Sub-Basin For the Inland Region

Sub-Basin Name

Ground- 
water 

Recharge
Base-
flow Runoff

Surface 
Water 

Inflow to 
Basin

Ground- 
water 

Inflow 
to Basin

Unimpacted 
Surface 

Water 
Discharge

Unimpacted 
Groundwater 

Discharge

Total 
Unimpacted 

Discharge
Total 

Usage

Usage as a 
Percent of 
Available 
Discharge

Coyote-Strahl 18,019 2,483 5,431 0 0 7,914 15,536 23,451 5.9 0.04
Jordan-Tumwater 14,098 2,587 5,658 0 0 8,244 11,512 19,756 10.9 0.09
Upper Columbia Swamp Creek 5,437 1,108 2,424 0 0 3,532 4,329 7,861 133.5 3.08
Foster Creek 30,321 3,953 8,647 0 0 12,600 26,367 38,967 86.4 0.33
Rock Island/Sand/Pine Canyon 33,783 2,119 1,267 0 0 3,387 31,663 35,050 105.0 0.33
Moses Coulee (Total of basins below) 86,679 15,138 14,456 29,594 42,949 29,594 71,541 101,135 6,613.8 NA

Moses Coulee 17,450 0 0 29,594 42,949 0 17,450 17,450 6,290.2 6.99
Douglas Creek 27,844 9,155 1,370 0 0 10,525 18,689 29,215 196.0 1.05
Lower McCartney (Total of basins below) 41,384 5,983 13,086 9,322 13,936 19,068 35,401 54,470 127.6 NA

Lower McCartney Creek 20,955 3,058 6,689 9,322 13,936 9,747 17,897 27,644 59.8 0.19
Upper McCartney Creek 20,429 2,925 6,397 0 0 9,322 17,504 26,826 67.8 0.39

Total 188,337 27,388 37,882 65,271 160,949 226,219 6,955

Values are in acre-feet per year

Groundwater Recharge = The portion of precipitation that enters groundwater
Baseflow = Groundwater discharging to streams within the basin
Runoff = Precipitation entering streams via overland flow within basin
Surface Water Inflow to Basin = Surface water entering from upstream basins
Groundwater Inflow to Basin = 80% of the Unimpacted Groundwater Discharge of upstream basins - Total Usage in upstream basins
Unimpacted Surface Water Discharge = Baseflow + Runoff
Unimpacted Groundwater Discharge = Recharge - Baseflow
Unimpacted Discharge = Unimpacted Surface Water Discharge + Unimpacted Groundwater Discharge
Usage as a Percent of Available Discharge = Usage / Unimpacted Groundwater Discharge; except for Lower McCartney Creek which includes

Groundwater Inflow from Upper McCartney Creek; and Moses Coulee which included Surface Water Discharge and Groundwater and Surface Water Inflow to Basin.



Table 8-2. Irrigation Season Water Balance By Sub-Basin For the Inland Region

Sub-Basin Name

Ground-
water 

Recharge Baseflow Runoff

Surface 
Water 

Inflow to 
Basin

Ground- 
water 

Inflow to 
Basin

Unimpacte
d Surface 

Water 
Discharge

Unimpacted 
Groundwater 

Discharge

Total 
Unimpacted 

Discharge
Total 

Usage

Usage as a 
Percent of 
Available 
Discharge

Coyote-Strahl 10,511 1,627 4,106 0 0 5,733 8,885 14,617 3.44 0.04
Jordan-Tumwater 8,224 1,694 4,277 0 0 5,972 6,529 12,501 6.87 0.11
Upper Columbia Swamp Creek 3,172 726 1,833 0 0 2,559 2,446 5,004 130.33 5.33
Foster Creek 17,687 2,590 6,537 0 0 9,127 15,097 24,224 50.37 0.33
Rock Island/Sand Canyon/Pine Canyon 19,707 1,723 1,179 0 0 2,902 17,984 20,886 64.67 0.36
Moses Coulee (Total of basins below) 50,563 9,367 10,995 20,362 24,624 20,362 41,196 61,558 6,461 NA

Moses Coulee 10,179 0 0 20,362 24,624 0 10,179 10,179 6,271.84 11.37
Douglas Creek 16,243 5,448 1,102 0 0 6,550 10,795 17,344 114.81 1.06
Lower McCartney (Total of basins below) 24,141 3,919 9,893 6,752 7,961 13,812 20,222 34,034 74 NA

Lower McCartney Creek 12,224 2,003 5,057 6,752 7,961 7,060 10,221 17,281 34.91 0.19
Upper McCartney Creek 11,917 1,916 4,836 0 0 6,752 10,001 16,753 39.52 0.40

Total 109,863 17,726 28,927 46,654 92,137 138,791 6,717

Values are in acre-feet

Groundwater Recharge = The portion of precipitation that enters groundwater
Baseflow = Groundwater discharging to streams within the basin
Runoff = Precipitation entering streams via overland flow
Surface Water Inflow to Basin = Surface water entering from upstream basins
Groundwater Inflow to Basin = 80% of the Unimpacted Groundwater Discharge of upstream basins - Total Usage in upstream basins
Unimpacted Surface Water Discharge = Baseflow + Runoff
Unimpacted Groundwater Discharge = Recharge - Baseflow
Unimpacted Discharge = Unimpacted Surface Water Discharge = Unimpacted Groundwater Discharge
Usage as a Percent of Available Discharge = Usage / Unimpacted Groundwater Discharge; except for Lower McCartney Creek which included

Groundwater Inflow from Upper McCartney Creek; and Moses Coulee which included Surface Water Discharge and Groundwater and Surface Water Inflow to Basin.



Table 8-3. Comparison of Water Right Allocations with Natural Discharge For the Inland Region

Sub-Basin Name

Unimpacted 
Surface 

Water 
Discharge

Surface 
Water 

Inflow to 
Basin

Available 
Surface 

Water 
Discharge

Unimpacted 
Ground- 

water 
Discharge

Ground- 
water 

Inflow to 
Basin

Available 
Ground- 

water 
Discharge

Inland 
Surface 

Water 
Rights

Inland 
Ground- 

water 
Rights

Percent 
Surface 

Water 
Allocated

Percent 
Ground- 

water 
Allocated

Coyote-Strahl 7,914 0 7,914 15,536 0 15,536 210 43 2.7 0.3
Jordan-Tumwater 8,244 0 8,244 11,512 0 11,512 27 14 0.3 0.1
Upper Columbia Swamp Creek 3,532 0 3,532 4,329 0 4,329 6 104 0.2 2.4
Foster Creek 12,600 0 12,600 26,367 0 26,367 27 14 0.2 0.1
Rock Island/Sand/Pine Canyon 3,387 0 3,387 31,663 0 31,663 245 444 7.2 1.4
Moses Coulee (Total of basins below) 29,594 29,594 68,509 71,541 42,949 60,399 2,921 22,819 NA NA

Moses Coulee 0 29,594 29,594 17,450 42,949 60,399 2,375 15,039 8.0 24.9
Douglas Creek 10,525 0 10,525 18,689 0 18,689 12 2,238 0.1 12.0
Lower McCartney (Total of basins below) 19,068 9,322 28,390 35,401 13,936 49,337 533 5,542 NA NA

Lower McCartney Creek 9,747 9,322 19,068 17,897 13,936 31,833 270 3,228 1.4 10.1
Upper McCartney Creek 9,322 0 9,322 17,504 0 17,504 263 2,314 2.8 13.2

Total 65,271 160,949 3,437 23,438

Values are in acre-feet per year
Only water right certificates and permits are included in this analysis
Unimpacted Surface Water Discharge = Baseflow + Runoff
Surface Water Inflow to Basin = Surface water entering from upstream basins
Available Surface Water Discharge = Unimpacted Surface Water Discharge + Surface Water Inflow to Basin
Unimpacted Groundwater Discharge = Recharge - Baseflow
Groundwater Inflow to Basin = 80 percent of (Unimpacted Groundwater Discharge - Usage) of Upgradient Basins
Available Groundwater Discharge = Unimpacted Groundwater Discharge + Groundwater Inflow to Basin
Inland Surface Water Rights =  Surface Water Rights with diversion points more that one mile from the Columbia River
Inland Groundwater Rights = Groundwater Rights with diversion points more that one mile from the Columbia River
Percent Surface Water Allocated = Percentage of the Available Surface Water Discharge allocated as Inland Surface Water Rights

 except for Lower McCartney Creek and Moses Coulee which included Surface Water Inflow from upgradient basins
Percent Groundwater Allocated = Percentage of the Unimpacted Groundwater Discharge allocated as Inland Groundwater Water Rights

 except for Lower McCartney Creek and Moses Coulee which included Groundwater Inflow from upgradient basins



Table 8-4. Comparison of Water Right Allocations and Claims with Natural Discharge For the Inland Region

Sub-Basin Name

Unimpacted 
Surface 

Water 
Discharge

Surface 
Water 
Inflow 

to Basin

Available 
Surface 

Water 
Discharge

Unimpacted 
Ground- 

water 
Discharge

Ground- 
water 

Inflow to 
Basin

Available 
Ground- 

water 
Discharge

Inland 
Surface 

Water 
Rights

Inland 
Ground- 

water 
Rights

Percent 
Surface 

Water 
Allocated

Percent 
Ground- 

water 
Allocated

Coyote-Strahl 7,914 0 7,914 15,536 0 15,536 709 4,535 9.0 29.2
Jordan-Tumwater 8,244 0 8,244 11,512 0 11,512 236 235 2.9 2.0
Upper Columbia Swamp Creek 3,532 0 3,532 4,329 0 4,329 49 121 1.4 2.8
Foster Creek 12,600 0 12,600 26,367 0 26,367 2,628 2,802 20.9 10.6
Rock Island/Sand/Pine Canyon 3,387 0 3,387 31,663 0 31,663 1,182 500 34.9 1.6
Moses Coulee (Total of basins below) 29,594 38,915 68,509 71,541 42,949 60,399 16,117 50,561 NA NA

Moses Coulee 0 29,594 29,594 17,450 42,949 60,399 4,627 30,678 15.6 50.8
Douglas Creek 10,525 0 10,525 18,689 0 18,689 1,156 4,990 11.0 26.7
Lower McCartney (Total of basins below) 19,068 9,322 28,390 35,401 13,936 49,337 10,334 14,892 NA NA

Lower McCartney Creek 9,747 9,322 19,068 17,897 13,936 31,833 461 3,807 2.4 12.0
Upper McCartney Creek 9,322 0 9,322 17,504 0 17,504 9,874 11,086 105.9 63.3

Total 65,271 160,949 20,921 58,754

Values are in acre-feet per year
Only water right certificates and permits are included in this analysis
Unimpacted Surface Water Discharge = Baseflow + Runoff
Surface Water Inflow to Basin = Surface water entering from upstream basins
Available Surface Water Discharge = Unimpacted Surface Water Discharge + Surface Water Inflow to Basin
Unimpacted Groundwater Discharge = Recharge - Baseflow
Groundwater Inflow to Basin = 80 percent of (Unimpacted Groundwater Discharge - Usage) of Upgradient Basins
Available Groundwater Discharge = Unimpacted Groundwater Discharge + Groundwater Inflow to Basin
Inland Surface Water Rights =  Surface Water Rights with diversion points more that one mile from the Columbia River
Inland Groundwater Rights = Groundwater Rights with diversion points more that one mile from the Columbia River
Percent Surface Water Allocated = Percentage of the Available Surface Water Discharge allocated as Inland Surface Water Rights

 except for Lower McCartney Creek and Moses Coulee which included Surface Water Inflow from upgradient basins
Percent Groundwater Allocated = Percentage of the Unimpacted Groundwater Discharge allocated as Inland Groundwater Water Rights

 except for Lower McCartney Creek and Moses Coulee which included Groundwater Inflow from upgradient basins



Table 8-5. Comparison of Water Right Allocations and Claims with Natural Discharge 
                  During the Irrigation Season For the Inland Region

Sub-Basin Name

Unimpacted 
Surface 

Water 
Discharge

Surface 
Water 

Inflow to 
Basin

Available 
Surface 

Water 
Discharge

Unimpacte
d Ground- 

water 
Discharge

Ground- 
water 

Inflow to 
Basin

Available 
Ground- 

water 
Discharge

Inland 
Surface 

Water 
Rights

Inland 
Ground- 

water 
Rights

Percent 
Surface 

Water 
Allocated

Percent 
Ground- 

water 
Allocated

Coyote-Strahl 5,733 0 5,733 8,885 0 8,885 709 4,535 12.4 51.0
Jordan-Tumwater 5,972 0 5,972 6,529 0 6,529 236 235 4.0 3.6
Upper Columbia Swamp Creek 2,559 0 2,559 2,446 0 2,446 49 121 1.9 5.0
Foster Creek 9,127 0 9,127 15,097 0 15,097 2,628 2,802 28.8 18.6
Rock Island/Sand/Pine Canyon 2,902 0 2,902 17,984 0 17,984 1,182 500 40.7 2.8
Moses Coulee (Total of basins below) 20,362 27,114 47,476 41,196 42,949 34,803 16,117 50,561 NA NA

Moses Coulee 0 20,362 20,362 10,179 24,624 34,803 4,627 30,678 22.7 88.1
Douglas Creek 6,550 0 6,550 10,795 0 10,795 1,156 4,990 17.7 46.2
Lower McCartney (Total of basins below) 13,812 6,752 20,565 20,222 7,961 28,183 10,334 14,892 NA NA

Lower McCartney Creek 7,060 6,752 13,812 10,221 7,961 18,182 461 3,807 3.3 20.9
Upper McCartney Creek 6,752 0 6,752 10,001 0 10,001 9,874 11,086 146.2 110.8

Total 46,654 92,137 20,921 58,754

Values are in acre-feet per year
Only water right certificates and permits are included in this analysis
Unimpacted Surface Water Discharge = Baseflow + Runoff
Surface Water Inflow to Basin = Surface water entering from upstream basins
Available Surface Water Discharge = Unimpacted Surface Water Discharge + Surface Water Inflow to Basin
Unimpacted Groundwater Discharge = Recharge - Baseflow
Groundwater Inflow to Basin = 80 percent of (Unimpacted Groundwater Discharge - Usage) of Upgradient Basins
Available Groundwater Discharge = Unimpacted Groundwater Discharge + Groundwater Inflow to Basin
Inland Surface Water Rights =  Surface Water Rights with diversion points more that one mile from the Columbia River
Inland Groundwater Rights = Groundwater Rights with diversion points more that one mile from the Columbia River
Percent Surface Water Allocated = Percentage of the Available Surface Water Discharge allocated as Inland Surface Water Rights

 except for Lower McCartney Creek and Moses Coulee which included Surface Water Inflow from upgradient basins
Percent Groundwater Allocated = Percentage of the Unimpacted Groundwater Discharge allocated as Inland Groundwater Water Rights

 except for Lower McCartney Creek and Moses Coulee which included Groundwater Inflow from upgradient basins
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9 . 0  WATE R QUA LI T Y

9 . 1  W A T E R  Q U A L I T Y  S T A N D A R D S
Ecology classifies all of the streams included in the
WRIAs 44 and 50 study as Class A; Excellent. Water
quality standards for Class A waters have been estab-
lished to provide beneficial uses of the water, which
include irrigation, drinking and stock water, habitat
for fish and wildlife, and recreation. Water quality
standards for Class A waters are summarized in Ta-
ble 9-1.

Waters that do not routinely comply with state water
quality standards, even with technology-based pollu-
tion control measures, are included on Washington
State’s 303(d) list. This list is submitted to the EPA
for review and approval every two years. The threat-
ened and impaired waterbodies listing is a require-
ment of Section 303(d) of the Federal Clean Water
Act. The final 303(d) list serves as an appendix in the
Washington State Water Quality Assessment or Sec-
tion 305(b) Report. The 305(b) Report was reviewed
to determine if any streams in the WRIAs 44 and 50
study are listed as threatened or impaired. No seg-
ments of any streams included in the WRIAs 44 and
50 study were on the state’s Section 303(d) list pub-
lished in the most recent 305(b) Report (Ecology
2000).

9 . 2  S U M M A R Y  O F  E X I S T I N G  D A T A
Limited water quality data were available in WRIAs
44 and 50. Historical information was restricted to
Rock Island, Douglas and Coyote Creeks. The
Washington State Department of Ecology (Ecology)
monitored Rock Island and Douglas Creeks in 1987.
Douglas Creek was sampled in 1988 and 1989 by the
South Douglas Conservation District (SDCD) and in
1992 and 1993 by the US Geological Survey (USGS).
This station has been more routinely monitored by the
Bureau of Land Management (BLM) from 1988 to
2001. The Colville Tribe has a long-term record
(1994 to present) of water quality data collection in
Coyote Creek. Historic water quality sampling sta-
tions are shown in Figures 9.1 and 9.2

9.2.1 ROCK ISLAND
Ecology’s monitoring was restricted to monthly water
temperature sampling in 1987. Water temperatures
measured in Rock Island Creek in April, May, June,
July, and October complied with the state standard for
Class A waters (Table 9.2).

9.2.2 DOUGLAS CREEK
Water temperatures measured by Ecology in Douglas
Creek near the long-term BLM gauging site at RM
1.5 upstream of the confluence with Moses Coulee,
over the same time period exceeded the state tem-
perature threshold for Class A waters in May, and
July, 1987. The peak temperature measured was
21.1C during the month of May. Ecology also re-
corded temperature exceedences from May through
August for water flowing along the length of Moses
Coulee in 1987 (Table 9.2). A one-time grab sample
of dissolved oxygen (DO) and pH was well within the
state’s criteria.

The South Douglas Conservation District collected
monthly surface water data at 12 locations in the
Douglas Creek watershed in 1988 and 1989. Samples
included water temperature, discharge, specific con-
ductivity, DO, pH, suspended sediment, turbidity,
nutrients and metals data. On August 29, 1992, the
USGS measured water temperature, conductivity,
DO, pH, and alkalinity in Douglas Creek at the long-
term BLM gauging site at RM 1.5 (the lowermost
station #12 sampled by SDCD). On September 3,
1993, a more complete water quality characterization
was performed by the USGS at the same location.
Water quality monitoring conducted by the SDCD
and the USGS are summarized in Table 9-3.

SDCD data indicate that the low flow tributaries and
headwaters of Douglas Creek, where crop production
was prevalent, showed high nutrient levels in the late
1980s. Nitrate and phosphate levels were found to be
inversely related to stream flow and directly related to
suspended sediment levels. According to Isaacson
(1989), the uppermost watershed contained high nu-
trients due to the high percentage of fertilized land
and low stream flows that did not dilute the nutrients
until lower in the watershed. Shallow groundwater
also exhibited high levels of nitrate but low levels of
phosphorus. A station in Pegg Canyon (elevation
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1,440 ft. MSL) showed the consistent influence of a
warm groundwater source (16 to 20C) that contrib-
uted 4 to 5 cfs of streamflow year-round to Douglas
Creek. Similar to data from shallow groundwater
wells, this station had high nitrate levels and low
phosphate levels compared to the rest of the water-
shed. The lowermost SDCD sampling station in
Douglas Creek was situated at the long-term USGS
and BLM gauge site (elevation 1,375 ft. msl) at RM
1.5. This site is downstream of the influence of both
Mohr and Pegg Canyons.  Based on a mass balance of
stream flows and a signature of conservative water
quality constituents, we have estimated the ratio of
groundwater and surface water at the BLM site to
average approximately 60:40 percent on an annual
basis. The groundwater to surface water ratio was in
the range of 85:15 percent during the low flow sum-
mer months. This example is consistent with stream
flow measurements reported in Section 7 that esti-
mate the summer base flow of 11 cfs at this station.
Based on these results, additional groundwater with
thermal properties is contributing to Douglas Creek
flows downstream of the SDCD station #10, below
the confluence of Duffy Creek. Although Mohr Can-
yon waters were not sampled, the surface water in
Douglas Creek increased +3C immediately following
the Mohr Canyon confluence during a sampling in
August 1988. Mohr Canyon drains similar features
and has similar orientation as Pegg Canyon. It may be
a natural source of additional warm groundwater to
Douglas Creek.

The USGS data in Douglas Creek, show that tem-
perature, DO, and pH complied with state standards
for Class A waters in 1992 and 1993. The nitrate level
(1.10 mg/L) in Douglas Creek was similar to the
mean value determined from 71 summer samples
from regional streams and rivers with similar geol-
ogy, physiography, vegetation, and climate
(0.93 mg/L) (USEPA 2000). Dissolved and total
phosphorous levels in Douglas Creek (0.090 and
0.110 mg/L, respectively) were almost identical to
regional averages of 0.087 and 0.109 mg/L from 127
summer samples (USEPA 2000). Washington does
not have surface water standards for nitrogen or
phosphorus, but the US Environmental Protection
Agency (USEPA) has offered recommendations for
state criteria that would represent conditions mini-

mally impacted by human activities and protective of
aquatic life and recreational uses (USEPA 2000). The
Total Kjeldahl Nitrogen (TKN) value in Douglas
Creek (<0.20 mg/L) is less than the recommended
summer level for the region that would represent
minimal human influence (0.28 TKN mg/L).

The BLM data at the long-term gauging site (RM 1.5)
at elevation 1,375 ft. msl. indicate that summer water
temperatures in Douglas Creek regularly exceed the
state water quality threshold of 18C designated to
protect beneficial uses in Class A waters (Table 9-4).
As the SDCD data show, this result is apparently a
natural condition due to the influence of groundwater
with thermal properties. Nevertheless, the peak tem-
perature measured over this period (22.5ºC) did not
exceed levels reported by the USEPA (1986) and Bell
(1991) to be lethal to resident salmonid fishes. Dis-
solved oxygen, pH, and fecal coliform levels consis-
tently complied with state standards. The high DO
levels indicated that high water temperatures were not
substantially reducing the amount of dissolved gases
in Douglas Creek. The pH data depict highly alkaline
conditions in Douglas Creek, typical of streams in
arid or semi-arid climates. Some of the pH observa-
tions approached the high end of the state standard
range (< 8.5 +/- 0.5 pH units).

9.2.3 COYOTE CREEK
Water quality results from Coyote Creek indicate that
the waters draining the northern portion of WRIA 50
are slightly less alkaline and less mineralized than the
interior streams of WRIAs 44 & 50 (Table 9-5).
Stream flows in Coyote Creek are perennial and have
ranged routinely between 0.1 and 35 cfs during spot
measurements taken upstream of the county road at
the flume station. Most of the stream discharge is as-
sociated with the period of spring runoff. Water tem-
peratures generally complied with state standards
with an occasional (<4%) warm water excursion. The
monthly thermograph depicts a typical steep rise
throughout spring with warm summer months and a
steep decent in fall (Figure 9-3). Winter is typically
very cool. The temperature signature suggests surface
water runoff dominates stream flows, without sub-
stantial groundwater influx.
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Dissolved oxygen levels complied with the minimum
state standards for Class A waters at all times. They
were highly saturated on occasion during the winter
months. Monthly DO levels averaged from a low of
9.81 mg/l during summer to a high of 14.34 mg/l
during winter. This pattern is consistent with stream
temperature regimes in the creek where the capacity
to hold oxygen is inversely related to water tempera-
ture. Conductivity of the waters ranged from 9 to 165
�mhos/cm indicating generally low to moderate lev-
els of mineralization. Suspended solids and turbidity
were typically very low. With respect to nutrient
loadings, ammonia levels were low, but dissolved
nitrate and phosphate levels were generally high. Ni-
trate was nearly double, while phosphate was an order
of magnitude higher than the regional averages re-
ported by the USEPA (2000). The abundance of
phosphorus indicates algal production is routinely
more limited by nitrogen levels. Occasional scans for
metals indicate less than detectable levels are most
prevalent, with some peaks in that exceed USEPA
criteria for aquatic resources. The metal data are hard
to interpret and appear to include inconsistent errors
in reporting of the laboratory measurement units. The
tribe should review these data for consistency to con-
firm analytical comparisons.

9 . 3  W A T E R  Q U A L I T Y  D A T A  C O L L E C T I O N
A suite of water quality parameters was monitored in
eleven selected study streams under the watershed
planning process in WRIAs 44 and 50 to provide a
screening level assessment. Water quality parameters
included surface water stream temperatures, dissolved
oxygen (DO), percent DO saturation, pH, and con-
ductivity.

Water temperature was measured every 30 minutes in
each stream using an Onset Optic StowAway con-
tinuous temperature recorder. The gauges were in-
stalled in the spring and retrieved in the fall to moni-
tor peak summer water temperatures. The temperature
recorders were placed inside protective plastic cylin-
ders partially filled with stones to keep them sub-
merged. The units were placed in the deepest part of
the channel (thalwag) to ensure they remained sub-
merged during low summer flow periods. The gauges
were concealed under a few rocks for protection
without restricting stream flow over the instrument.

Gauge locations were flagged in the field and docu-
mented with field notes. Photographs of each tem-
perature recorder site were also taken for ease of re-
trieval in the fall.

In situ water quality data were collected with a Hy-
drolab Surveyor 3 when the temperature recorders
were deployed and retrieved. The Surveyor 3 meas-
ured temperature, pH, conductivity, DO, and percent
DO saturation.

The Foster Creek Conservation District also collected
grab samples of water from the mainstem of Foster
Creek and from the east and west forks in early July
2001 and continuing in 2002. The water samples were
analyzed for selected heavy metals, total phosphorus,
and nitrate + nitrite levels. Data from the summers of
2001 and 2002 are included in Table 9-6 .

9.3.1 CHEMICAL DATA RESULTS
Water quality data collected with the Hydrolab Sur-
veyor 3 during deployment and retrieval of the tem-
perature recorders is summarized in Table 9-6.

Temperature. Profiles displaying the maximum,
mean, and minimum water temperature in each of the
six streams from late-May, 2001 to mid-September,
2002 are presented in Figures 9-4 through 9-9. The
temperature profile in Foster Creek is not accurate
between August 1 and mid-September, 2001. Some
time after August 1 the recorder was exposed to air
temperature. It was subsequently found on the
streambank prior to reinstallation

The temperature monitoring determined that maxi-
mum water temperatures in Pine Canyon, Rock Is-
land, Rock Island spring and Rattlesnake Creeks con-
tinuously complied with the state standard during
2001 and 2002. Maximum water temperatures in
Foster, West Foster, McCartney, and Douglas Creeks
exceeded the temperature standard frequently
throughout the late spring and summer months, but
they remained well below reported lethal tempera-
tures for salmonid fishes. The maximum water tem-
perature recorded during spot measurements in East
Fork Foster Creek during 2002 approached lethal
temperatures for trout. Maximum water temperatures
in Sand Canyon Creek and Blue Grade Draw were
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very high and exceeded 18ºC almost continuously
between mid-June and mid-September, 2001. They
exceeded sublethal and lethal water temperatures for
salmonid fishes and peaked above 24ºC and 27ºC,
respectively.

As discussed in Section 7., the volume of water
measured at the upper Douglas Creek site (RM 1.5) at
the old rail crossing upstream of the canyon is pre-
dominantly groundwater fed. Stream flows are con-
stant year-round and vary little from month to month.
Base flow (Table 7-8) is estimated to run about 65
percent of the (30-yr) simulated mean annual flow.
The 2001 and 2002 flow gauging records indicate
base flow ran approximately 87 percent of the annual
flow. This estimate is consistent with the mass bal-
ance assessment of historic water quality data dis-
cussed above in Section 9.2.2 that implies ground-
water makes up 85 percent of the total stream flow
during the summer months.
The upper Douglas Creek thermograph (Figure 9-5)
also shows very little daily or annual fluctuation in
water temperature. Both of the continuous flow and
temperature graphs provide strong groundwater sig-
nals. Surface water runoff from the catchment is typi-
cally very low during the summer months suggesting
the warm temperatures experienced in Douglas Creek
are of natural origin. SDCD data isolated a warm
groundwater source in Pegg Canyon (Isaacson 1989).
Mohr Canyon may also have a similar groundwater
influence on Douglas Creek flows.

Dissolved Oxygen. Dissolved oxygen (DO) concen-
trations in Rattlesnake, East Foster, Pine Canyon,
Rock Island spring, Sand Canyon and Blue Grade
Draw complied with the state standard throughout the
2001 and 2002 sampling period. However, DO levels
failed to meet the state standard of 8.0 mg/L occa-
sionally in Foster, West Foster, Rock Island and
Douglas Creeks in mid-to late summer. Late summer
depressions in DO are not unusual because stream-
flows are lower and water temperatures are higher
than earlier in the year. Warm waters do not have as
much capacity to hold DO as cooler waters. There-
fore, there is less oxygen in the water to satisfy bio-
logical oxygen demand, which also increases with
higher water temperatures. Nevertheless, the low late-
summer DO levels monitored were minor excursions

of the standards and they were not believed to be es-
pecially adverse for resident salmonid fishes. The DO
exceedences occurred when salmonid embryos were
not incubating in stream gravels. Salmonid fishes are
sensitive to dissolved oxygen levels during incubation
and DO should comply with the state standard or be
closest to 100 percent saturation during this life-
history stage. McCartney Creek showed routine low
DO levels during the monitoring period and may re-
flect a lack of re-aeration due to stagnant water.

There was an unusually high DO level and high per-
cent DO saturation reading in mainstem of Foster
Creek during gauge deployment immediately up-
stream of the irrigation dam in the spring of 2001.
There were also very dense growths of green algae on
the substrate in Foster Creek at that time. High algal
photosynthesis could have caused the supersaturation
of DO in Foster Creek, but nutrient samples collected
from Foster Creek in July 2001 did not suggest that
the waters were especially enriched with phosphorus
or nitrogen. An unusually low DO level recorded in
the fall of that year may be related to oxygen con-
sumed during algal die-off or decomposition of other
organic materials. This pattern did not seem to repeat
in 2002 and the algal growth did not appear to be as
extensive as the prior year.

Hydrogen Ion Activity (pH). All pH measurements
were in the alkaline range but complied with the state
standard (between 6.5 and 8.5 +/- 0.5 pH units). One
notably high pH reading in Foster Creek occurred in
the spring, and corresponded to the very high DO and
percent DO saturation levels described previously.
High algal photosynthesis could have lowered the
carbon dioxide levels in the water, which would have
increased the pH in Foster Creek. High pH values on
the eastside of the Cascades are common (Hallock et
al. 1996; Hallock and Ehinger 1999).

Conductivity. With the exception of Sand Canyon
Creek, Blue Grade Draw and Coyote Creek, all
streams were moderately to highly conductive. The
Foster Creek basin exhibited the highest conductivity
(between 700 and 900 µmhos/cm). High conductivi-
ties suggest an abundance of dissolved substances and
minerals in the water, and it may indicate high soil
erosion rates in this basin. Sand Canyon Creek and
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Blue Grade Draw serve as irrigation canal spillways.
The irrigation water returning to these two channels is
diverted from the Wenatchee River. Water quality
data for the Wenatchee River provided by Ecology
shows that the Wenatchee River is not as conductive
as the other four streams.

Metals and Nutrients. Concentrations of total cad-
mium and total chromium in Foster Creek were be-
low detection, and were less than chronically or
acutely toxic levels when adjusted for ambient water
hardness (Table 9-6). Only molybdenum registered
values above the minimum level of detection and they
were very low, less than 12.6 ug/L (ppb).

Total phosphorus and nitrate/nitrite concentrations in
the Foster Creek basin generally were low to moder-
ate; less than 0.130 and 0.540 mg/L, respectively
(Table 9-6). These values are in the range of, or less
than, the mean summer value for the region (USEPA
2000). One high phosphorus value of 0.380, nearly 4
times the regional average was recorded in the main-
stem of Foster Creek during August of 2002.

Total Kjeldahl Nitrogen (TKN) is a measure of or-
ganic levels of nitrogen. The measured levels were
typically low in the Foster Creek basin, with the ex-
ception of some very high organic nutrient loading
during late spring and early summer in all of the
monitored stream reaches. Both the West and East
Forks supported the highest organic nitrogen levels;
1.5 to 1.6 mg/L, respectively. Although the levels
remained relatively high, some dilution was apparent
in the mainstem of Foster Creek as organic nitrogen
concentrations were cut in half to 0.8 mg/L.

9.3.2 BIOLOGICAL MONITORING RESULTS
Biological monitoring consisted of random spot
measurements of fecal coliform bacteria conducted
by the FCCD at three locations in the Foster Creek
basin and benthic macroinvertebrate surveys in
eleven stream reaches.

Fecal Coliform Bacteria. Bacterial testing results
were highly variable during the summer months of
2002 in the Foster Creek basin. Counts of fecal coli-
form organisms ranged from few to ‘Too Numerous
to Count’ (TNTC). Half of the 12 samples collected

in the mainstem and in both East Fork and the West
Fork exceeded the state water quality criterion of 100
organisms/100 ml. The months of July and August
appeared to exhibit the greatest bacterial concentra-
tions.

Macroinvertebrates. Benthic macroinvertebrates are
the visible component of invertebrate organisms liv-
ing on or within the stream bottom. This community
of organisms offers many advantages to monitoring
stream health since they are diverse, abundant, easy
to collect, sedentary, and have relatively short life
spans of several months to a few years (Platts et al.
1983). These characteristics allow macroinvertebrate
communities to reflect local conditions and the recent
past, making them good indicators of proximate,
acute impacts. They also represent an important food
source for resident and anadromous (migratory)
fishes.

The goal of the macroinvertebrate monitoring was to
characterize the spring macroinvertebrate fauna on a
screening-level basis in eleven streams in WRIAs 44
and 50. Specific qualities of the macroinvertebrate
community that were characterized are described in
Appendix B and summarized in Table 9-7.

Methods: Sampling methods generally followed the
Department of Ecology’s protocols for benthic
macroinvertebrates (Plotnikoff 1994). Three samples
were collected from each of the eleven streams using
a D-frame kick-net sampler fitted with 500-micron
(µm) Nitex mesh. All three samples were collected in
riffles or shallow runs possessing coarse gravel to
small cobble substrates. All samples were collected
from water depths between 0.0 and 1.0 ft deep, and
mean water column velocities between 1.0 and 3.0 ft
per second, except where noted. The depth, mean
column velocity, and substrate composition of each
sampling location were recorded in a field notebook.
Specific field, laboratory, and data analysis protocols
are described in Appendix B.

Results:  Late spring monitoring of macroinvertebrate
communities in the eleven streams suggests a wide
range of habitat conditions exists among the streams
(Table 9-7). The data indicate that Sand Canyon
Creek and Blue Grade Draw contain a low density
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and diversity of macroinvertebrates and that the fauna
is comprised entirely of short-lived taxa. The majority
of the taxa exhibit burrowing habits that allow them
to survive in temporary habitats when streamflows
cease. The macroinvertebrate community in the nine
naturally flowing streams was more abundant and
diverse and more evenly represented by various
macroinvertebrate groups. Furthermore, the benthic
fauna comprised short- and long-lived taxa with
varying habits. The macroinvertebrate community in
each stream consisted primarily of collector-
gatherers, which reflected the seasonal availability of
food resources and an abundance of fine particulate
organic matter (FPOM).

The macroinvertebrate data imply relatively good
water quality and habitat conditions occur in peren-
nial reaches of Douglas, upper Pine Canyon, Rock
Island, Coyote and McCartney Creeks compared to
the other streams surveyed. Using the metrics de-
scribed in Ecology (1996), habitat seems to be
“slightly impaired” in Foster and West Foster Creek
and “impaired” compared to natural conditions in
Sand Canyon, Blue Grade Draw, East Foster and
Rattlesnake Creeks. Lower Moses Coulee and lower
Pine Canyon creek are not conducive to benthic in-
vertebrate production due to the lack of surface water
stream flow throughout the year. Detailed monitoring
results are included in Appendix B1 and B2 for data
collected during late spring 2001 and 2002, respec-
tively.

9.3.3 PHYSICAL MONITORING RESULTS
Preliminary physical channel survey work was con-
ducted to describe sediment characteristics in eight
study streams. A US Forest Service stream reach in-
ventory/channel stability evaluation and Wolman
pebble counts were performed to assess channel bank
conditions and to provide a cursory examination of
sediment transport concerns.

Stream Reach Inventory, Channel Stability
Evaluation (SRI/CSE). Each of the study reaches
was evaluated using the US Forest Service-developed
SRI/CSE methodology (Pfankuch 1978). This method
is generally used to assess the capacity of the channel
to adjust and recover from potential changes in flow

and/or increases in sediment production (Pfankuch
1978).

The field methodology for the SRI/CSE is to rate fif-
teen variables related to the upper and lower stream
banks and the channel bottom, based on a visual as-
sessment (Appendix C). The specific ratings are
summed to generate an overall numeric reach stability
score. Each reach is then classified into one of four
categories, as follows: poor (115+), fair (77-114),
good (39-76), or excellent (less than 39).

Results from the SRI/CSE evaluation in the WRIAs
44 and 50 study streams indicate the survey reaches
generally have fair to good stability ratings. The aver-
age channel stability rating for eight survey reaches
was 79, ranging from a low of 48 to a high of 102
(Table 9-8).

There were few visual indicators of channel instabil-
ity for the eight survey reaches. Excessive bank ero-
sion or failures were present where riparian vegeta-
tion was lacking, but such features did not dominate
any specific reach. Stream channels generally con-
sisted of a single thread with only localized areas of
channel braiding. Channel migration is present in al-
luvial fan areas where tributary streams enter the
Columbia River floodplain. Although stability ratings
for all the survey reaches were either good or fair,
channels with these ratings are often sensitive to
sediment loading (Pfankuch 1975). For channels of
this nature, degradation of spawning and rearing
habitats and water quality indices can occur with only
a small increase in sediment loading.

Wolman Pebble Count. The composition of stream-
bed substrate is a crucial factor in stream channel be-
havior and can provide important information about
channel response to changes in a watershed (Mont-
gomery and Buffington 1993). Although visual char-
acterization of substrate composition was completed
as part of the baseline fish habitat assessment (Sec-
tion 10.2), fluvial geomorphologists prefer the use of
a pebble count to classify substrate composition in
gravel-bedded streams. Pebble counting consists of
measuring the intermediate axis of stones chosen
from the riverbed along a transect (Wolman 1954).
Generally, riffles channel habitat is chosen since the
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information collected is indicative of the bed material
transported through the channel rather than material
deposited at some location in a stream. Cumulative
frequency distributions and grain size statistics are
determined from the pebble samples. The median di-
ameter (D50) and the diameter of the 84th percentile
(D84) are values used by many scientists to character-
ize bedload transport in gravel-bedded streams.
The pebble count was performed by randomly se-
lecting 100 particles from the streambed of a repre-
sentative habitat riffle and measuring the intermediate
axis of each pebble. Individual particles were chosen
at random while traversing the stream channel from
bankfull stage to bankfull stage along an imaginary
zigzag line, as described in the USFS Region 6
Stream Inventory Handbook (1998). One sample was
collected within six surveyed stream reaches.

The D50 has been shown to be useful for modeling
sediment transport and it provides some insight into
the biological capability of the stream. Channels that
are dominated by fine sediments tend to have lower
productivity of salmonid fishes and aquatic macroin-
vertebrates than stream reaches with somewhat larger
sediment sizes. Pebble count survey data were plotted
to develop particle size distribution curves (Appendix
D) and the results are presented in Table 9-9.

In general, substrate particle size is determined by the
parent geology of a stream basin. This finding is evi-
dent in the relatively small D50 found in Sand Canyon
and Coyote Creeks. The Sand Canyon Basin is com-
posed of an old massive slump containing abundant
fines, silts and aeolian sands. Hardly any bedrock is
exposed in the drainage; therefore little cobble and
gravel is present (Section 10.1.1; Channel Characteri-
zation). Similarly, the lower stream reach of Coyote
Creek traverses an old slump downstream of the
strong bedrock contact at the falls. The geology up-
stream of the bedrock contact is quite different as re-
flected in the pebble count data.

Stream bed substrates in three study reaches exhibited
D50 size classes of medium gravel and contained rela-
tively low percentages of fines less than 6 mm in di-
ameter (Table 9-9). Pine Canyon, Rock Island and
upper Coyote creeks contain an interesting mix of
small (D35) and large (D95) particle sizes, which is

indicative of stream channels with limited transport
capacity. The parent material in Rock Island Creek
and upper Coyote Creek drainages is largely basalt,
such that resistant coarse particles and very fine mate-
rial are prevalent. Pine Canyon Creek has a relative
unique geology for WRIAs 44 and 50; consisting of
biotite gneiss. It supports high levels of mica and
likely weathers to fine materials.

Although the frequency of fines (< 6 mm, 0.24 in.)
and D50 in Foster Creek are generally consistent with
the other samples, the D95 (64.0mm, 2.5 in.) is the
lowest size class in the survey. This result implies the
transport capacity is sufficient to clear out the very
fine material, but that sediment aggradation is over-
whelming the channel’s ability to transport small and
medium sized gravels. Consequently, large bed ele-
ments capable of providing habitat structure and di-
versity in Foster Creek are not generally exposed. The
parent material is glacial drift over basalt, so some
level of large bed material would be expected. The
prevalence of very small gravel suggests a limited
transport capacity for this creek.



Table 9.1.   Water quality standards for streams included in the WRIA 44 and 50 study.

                            Class A (excellent) Water Quality Standards (WAC 173-201A-030)

Fecal coliform Organism levels shall both not exceed a geometric mean value of 100 colonies/100 ml 
and not have more than 10 percent of all samples obtained for calculating the geometric 
mean value exceeding 200 colonies/100 ml.

Dissolved oxygen Shall exceed 8.0 mg/L.  Total dissolved gas shall not exceed 100% of saturation at any 
point of sample collection.

Temperature Shall not exceed 18.0 degrees Celsius (oC) due to human activities.  When natural conditions 
exceed 18.0 oC no temperature increases will be allowed which will raise receiving water 
temperatures by greater than 0.3 oC.

pH Shall be within the range of 6.5 to 8.5 with a human-caused variation within a range of less 
than 0.5 units.

Turbidity Shall not exceed 5 NTU over background turbidity when the background turbidity is 50 NTU 
or less, or have more than a 10% increase in turbidity when the background turbidity is more 
than 50 NTU.

Toxic substances Shall not be introduced above natural background levels in waters of the state that have the
 potential either singularly or cumulatively to adversely affect characteristic water uses, cause 
acute or chronic toxicity to the most sensitive biota dependent upon those waters, or adversely 
affect public health, as determined by the department (toxic substances include metals and 
ammonia nitrogen).



Table 9-2 Douglas County Water Quality and Temperature Data measured by 
Ecology on WRIA 44 Tributary Streams.

Date Flow (cfs) Temp (F) Temp (C) DO (mg/l) pH

Douglas Creek 4/2/87 22.1 60 15.6
(Upper - Canyon) 5/7/87 20.3 70 21.1
[1.3 RM ab. Canyon 6/2/87 22.0 64 17.8 11.0 8.0
mouth] 6/8/87 19.1 63 17.2

7/22/87 16.2 66 18.9
10/5/87 18.5 61 16.1
1/28/88 20.7  

Moses Coulee 6/2/87 11.6 62 16.7 13.5 8.5
Upstream of Palisades

Moses Coulee (RM 1.8) 3/4/86 14.7
(Upstream of old 5/9/86 4.9
Country Rd Bg) 6/17/86 2.7

Moses Coulee 3/4/86 17.3
(Lower at RM 1.5) 5/9/86 5.4
[0.9 RM b.Hwy 28 Bg] 6/17/86 2.2

7/31/86 1.5
8/28/86 1.6
10/7/86 2.2
4/2/87 12.0 59 15.0
5/7/87 4.5 76 24.4
6/8/87 3.9 70 21.1
7/22/87 2.4 68 20.0
10/5/87 2.5 59 15.0
1/28/88 9.6 37 2.8

Moses Coulee 3/4/86 18.9
(Ab. ford nr. Mouth) 5/9/86 4.6
(RM 0.1) 6/17/86 2.9

7/31/86 1.3
8/22/86 1.5 70 21.1
8/28/86 1.7

9/10/86 2.4
10/7/86 2.1
10/24/86 6.7
10/28/86 6.5 55 12.8
1/8/87 9.0 38 3.3

Rock Island Creek 4/3/87 8.3 57 13.9
5/11/87 1.6
6/8/87 1.1 55 12.8
7/23/87 0.4 56 13.3
10/5/87 0.2 59 15.0

State Water Quality Standard for Class A Waters 64.4F <18.0C >8.00 6.5 - 8.5
+/- 0.5



Table 9-3a.  Douglas Creek water quality data collected by South Douglas Conservation District, August 1988 - July 1989.

Total Dissolved
Water Specific Dissolved Fecal Suspended Nitrate- Ortho- Total

Elevation Observ. Flow Temperature Conductivity Oxygen pH Coliforms Sediment Turbidity TKN Nitrite Phosphate Phosphorus
Station Location (ft. msl) (N) (Q=cfs) (C) (umhos/cm) (mg DO/l) (units) (# / 100ml) (mg TSS/l) (JTU) (mg N/L) (mg NO3+NO2/l) (mg TPO4/l) (mg TP/l)

#1 Douglas Cr. 2,605 12 NA 2.4 - 17.8 550 - 750 2.1 - 8.6 6.7 - 8.1 0 - 41 0.4 - 13.9 1.4 - 3.5 nm 0.190 - 3.090 0.261 - 0.512 0.219 - 1.771
#2 Douglas Cr. 2,490 12 0.3 - 1.0 3.2 - 13.9 500 - 600 7.2 - 11.5 7.2 - 8.5 2 - 128 0.6 - 57.0 2.1 - 3.5 nm 0.570 - 3.680 0.177 - 0.223 0.231 - 1.300
#4 Douglas Cr. 2,360 12 NA - 0.8 0.0 - 12.7 450 - 600 4.2 - 12.9 7.4 - 8.4 0 - 142 0.3 - 41.0 0.9 - 65.0 nm 0.185 - 3.890 0.173 - 0.320 0.115 - 1.190
#5 Paine Cr. 2,330 12 0.4 - 3.2 2.1 - 16.1 600 - 700 7.3 - 14.0 7.0 - 8.0 0 - TNTC 1.0 - 24.0 1.4 - 5.4 nm 0.400 - 1.970 0.217 - 0.303 0.153 - 1.020
#6 Douglas Cr. 2,410 12 0.04 - 0.6 0.0 - 19.3 180 - 245 8.1 - 13.0 7.5 - 8.3 0 -87 0.2 - 711.0 0.9 - 286.0 nm 0.010 - 0.180 0.124 - 0.129 0.112 - 1.478
#7 Douglas Cr. 2,145 11 NA - 4.3 0.0 - 19.7 330 - 550 7.2 - 14.4 7.9 - 8.4 0 - TNTC 1.5 - 42.0 2.1 - 13.6 nm 0.050 - 1.300 0.170 - 0.420 0.188 - 1.515
#8 Douglas Cr. 2,070 10 NA - 1.3 0.0 - 18.8 340 - 550 8.0 - 15.2 7.8 - 9.0 0 - TNTC 1.3 - 15.0 1.8 - 4.1 nm 0.010 - 1.220 0 155 - 0.383 0.113 - 2.038
#9 Duffy Cr. 1,780 7 NA - 0.2 1.4 - 16.8 130 - 175 8.3 - 9.5 7.4 - 8.2 1 - 10 0.0 - 3.6 0.6 - 1.6 nm 0.015 - 0.315 0.099 - 0.132 0.098 - 0.344

#10 Douglas Cr. 1,620 11 NA - 5.1 1.4 - 16.4 260 - 340 8.4 - 12.6 7.2 - 8.6 0 - 11 0.3 - 6.4 0.4 - 1.4 nm 0.240 - 0.790 0.138 - 0.280 0.139 - 0.543
#11 Pegg Canyon 1,440 12 3.9 - 5.5 16.0 - 19.8 320 - 370 8.3 - 9.8 7.2 - 8.2 0 - TNTC 2.4 - 24.5 0.3 - 10.1 nm 3.350 - 4.300 0.062 - 0.184 0.054 - 0.195
#12 Douglas Cr./ BLM1 1,375 19 14.3 - 22.3 12.4 - 19.3 240 - 395 8.5 - 10.8 7.2 - 8.4 0 - TNTC 0.7 - 21.7 0.6 - 2.6 nm 1.540 - 2.600 0.085 - 0.230 0.093 - 0.287
#13 Tributary2 1 NA 12.4 180 9.0 8.2 0 176.0 nm nm 0.377 nm 0.475
#14 Douglas Cr. 2 2,310 1 0.33 16.9 505 7.7 8.2 4 13.4 nm nm 0.548 nm 0.287
#15 Douglas Cr. 2 2,300 1 0.34 14.7 410 8.0 7.8 - 12.5 nm nm 0.567 nm 0.269
#16 Douglas Cr. 2 2,140 1 0.50 17.9 360 7.6 8.2 4 9.4 nm nm 0.199 nm 0.212
#17 Douglas Cr. 2 2,070 1 0.43 16.1 360 8.0 8.3 2 6.2 nm nm 0.185 nm 0.225
#18 Douglas Cr. 2 1,500 1 2.50 14.4 320 9.0 8.0 0 1.1 nm nm 0.437 0.120 0.175

Mohr Canyon confl.
#19 Douglas Cr. 2 1490 1 7.72 17.4 280 8.7 7.6 0 2.1 nm nm 0.504 nm 0.175

Table 9.3b.  Summary of water quality data collected by the USGS in Douglas Creek in 1992 and 1993 at Station #12; BLM.

Alkalinity Water Dissolved Fecal Suspended Nitrate+ Dissolved Total
Elevation Observ. as CaCO3 Temperature Conductivity Oxygen pH Coliforms Sediment Turbidity TKN Nitrite-N  Ortho-P Phosphorus

Date Location (ft. msl) (N) (mg/L ) (C)  (µmhos/cm) (mg DO/l) (# / 100ml) (mg TSS/l) (JTU) (mg/L)  (mg/L)  (mg/L) (mg TP/l)

8/29/92 Douglas Cr./ BLM 1,375 1 130 15.5 290 10.3 7.8 nm nm nm nm nm nm nm
9/3/93 Douglas Cr./ BLM 1,375 1 121 16.8 295 9.2 8.1 nm nm nm <0.200 1.100 0.090 0.110

1) sample dates from April 1988 to October 1989.
2) sample date; August 1988.
TNTC = Too Numerous to Count
TKN = Total Kjeldahl Nitrogen (organic)
nm- Not measured
State Water Quality Standard for Class A Waters <18.0 >8.00 6.5 - 8.5 <100 < 5 NTU over background
Regional averages (USEPA 2000) <0.28 0.930 0.087 0.109



Table 9.4.  Summary of water quality data collected by the BLM in Douglas Creek 
  between 1988 and 2001.

Specific Alkalinity Hardness Suspended Fecal 
Date Temperature Conductance DO ‘pH as CaCO3 as CaCO3 Solids Coliforms 

(ºC) (µmhos/cm) (mg/L) (units) (mg/L ) (mg/L ) (#/100mL)

4/29/88 15.7 300 9.24 7.5 nm nm 7.3 67
5/18/88 16.7 290 9.00 7.5 nm nm 5.6 0
6/20/88 19.2 310 10.20 7.7 nm nm 4.9 7
7/19/88 19.2 295 8.50 8.1 nm nm 6.4 16
8/23/88 18.6 310 8.60 8.1 nm nm 0.0 6
9/20/88 17.1 330 8.90 7.9 nm nm 7.5 1

10/19/88 335 9.40 7.9 nm nm 8.7 21
11/16/88 14.2 280 9.90 8.0 nm nm 0.0 4
12/14/88 12.8 290 10.60 8.1 nm nm 3.8 0
1/11/89 12.4 270 10.40 8.0 nm nm 0.0 0
2/15/89 12.8 280 10.40 8.1 nm nm 1.8 38
3/8/89 12.4 290 10.80 7.7 nm nm 6.9 10

4/19/89 18.1 300 10.20 7.3 nm nm 21.7 2
5/23/89 16.1 330 9.90 7.9 nm nm 7.5 38
6/15/89 19.3 340 9.00 7.4 nm nm 2.6 30
7/25/89 18.9 290 8.90 8.4 nm nm 1.7 7
8/15/89 17.6 395 9.60 8.2 nm nm 1.4 15
9/18/89 18.6 300 8.60 7.2 nm nm 0.7 12
10/5/89 16.9 295 9.00 7.6 nm nm 0.3 3

11/14/89 13.7 295 10.00 7.0 nm nm 0.3 7
12/7/89 13.2 300 10.40 8.1 nm nm 0.3 6
3/20/90 16.7 300 10.40 8.3 nm nm 2.5 5
4/12/90 18.6 275 11.00 8.2 nm nm 3.8 67
5/15/90 19.2 300 9.40 8.2 nm nm 1.7 12
6/13/90 18.1 295 9.90 7.7 nm nm 1.8 63
7/24/90 21.0 295 10.50 8.0 nm nm 9.1 40
8/16/90 19.6 290 9.60 8.2 nm nm 4.1 15
9/11/90 19.2 290 9.40 7.7 nm nm 1.1 15

11/28/90 12.8 300 2.20 7.8 nm nm 0.0 18
4/26/91 17.0 310 10.00 7.9 nm nm 2.9 22
5/23/91 18.5 300 9.80 8.2 nm nm 2.3 12
6/27/91 17.1 310 9.70 7.9 nm nm 5.5 6
7/25/91 19.0 290 9.10 8.9 nm nm 0.3 6
8/28/91 17.5 305 9.40 7.7 nm nm 2.9 22
9/26/91 18.2 310 9.30 8.1 nm nm 1.8 7

10/15/91 16.7 300 9.80 7.9 nm nm 2.1 6
4/3/92 16.7 300 11.20 8.4 nm nm 3.1 20

6/10/92 19.2 300 9.10 8.2 nm nm 2.0 12
7/16/92 18.7 330 9.40 8.3 nm nm 3.4 22
8/20/92 20.6 265 9.00 8.9 nm nm 0.0 18
5/26/93 19.4 300 8.80 8.1 nm nm 3.4 3
6/29/93 18.3 320 9.20 8.4 nm nm 4.4 10
7/29/93 19.8 305 9.40 8.1 nm nm 3.1 7
8/25/93 18.7 325 9.10 7.3 nm nm 11.2 10
9/29/93 17.9 315 9.30 7.7 nm nm 3.1 15
6/22/94 20.9 290 9.10 7.9 111 124 4.2 9
7/19/95 20.1 300 10.00 6.8 nm nm nm 34
8/9/96 19.3 260 9.00 8.3 202 126 nm 16

7/24/97 18.2 280 9.40 7.4 102 110 2.5 12
8/5/98 22.5 280 9.80 8.0 86 112 nm 10

7/22/99 20.5 285 9.00 8.3 112 108 nm 21
6/13/00 17.8 345 9.40 8.0 110 124 nm 1
9/13/01 17.4 270 9.20 8.3 107 nm nm 25

nm- Not measured
State WQ Standards for Class A Waters:

<18.0 >8.00 6.5 - 8.5 <100



Table 9-5  Water quality results from Coyote Creek (spot measurements taken from 1994 to 2002 
at Station #086 near flume; upstream of old highway).

                        Temperature C            Dissolved Oxygen (mg/l)                 Stream Flow (cfs)
Mean Min. Max. Mean Min. Max. Mean Min. Max.

Jan 1.4 0.2 4.2 - - - 4.3 2.4 7.6
Feb 1.2 0.0 2.9 13.8 12.6 14.4 2.7 0.4 6.7
Mar 3.5 1.7 7.5 12.1 11.2 13.5 14.6 2.4 29.2
Apr 8.1 3.6 13.1 11.6 10.3 13.3 17.0 1.1 34.9
May 10.9 9.2 13.8 10.9 10.3 11.5 9.3 2.1 17.9
Jun 13.3 10.5 16.7 10.1 9.1 10.7 4.6 0.3 8.0
Jul 16.3 12.0 21.0 9.8 8.7 11.1 1.6 0.3 3.4

Aug 15.5 13.3 17.5 9.9 9.0 11.0 1.3 0.2 3.1
Sep 9.5 6.4 12.3 11.0 9.6 11.1 0.8 0.1 1.5
Oct 6.9 4.7 9.1 11.8 10.3 13.5 0.9 0.1 1.5
Nov 3.3 2.4 3.9 10.9 8.5 14.0 0.8 0.2 1.4
Dec 1.5 0.6 3.4 14.3 13.8 14.6 1.2 0.2 1.8



Table 9.6.  Summary of in situ water quality data collected in WRIA 44 and 50 during watershed studies; Spring/Summer 2001 and 2002. 
                    

          Water Temp. pH           Conductivity               Oxygen Turbidity Fecal NO2-NO3 TKN Total P N/P Cadmium Lead Moly Chromium
Index Date Time (C) (F) units mS/cm umhos/cm DO%-Sat DO-mg/L NTU col/100ml mg/l mg/l mg/l Ratio ug/l mg/l ug/l mg/l

Rattlesnake    0 6/5/02 18:01:48 15.3 59.5 8.1 0.569 569 82.7 8.27 0.2
Rattlesnake    0 7/31/02 9:27:39 10.9 51.7 7.5 0.583 583 96.5 9.66 0.0
Rattlesnake    1 7/31/02 9:30:02 11.0 51.7 7.5 0.583 583 96.5 9.67 0.0
Rattlesnake    0 8/20/02 13:34:52 12.1 53.7 7.7 0.571 571 102.4 10.65 1.7
Rattlesnake    1 8/20/02 13:48:53 11.7 53.1 7.7 0.571 571 94.0 10.37 75.9
Rattlesnake 9/19/02 11:42:09 11.6 52.8 7.7 0.562 562 104.3 10.41 0.2
Rattlesnake 10/17/02 11:23:05 11.2 52.2 8.0 0.566 566 107.4 11.66 0

McCartney 5/6/02 16:15:00 18.7 65.6 8.5 0.503 503 80.0 7.46 3.7
McCartney 7/31/02 13:09:00 16.1 61.0 7.8 0.555 555 81.8 7.31 2.6
McCartney 8/1/02 9:32:25 14.4 57.8 7.7 0.559 559 62.7 5.82 0.9
McCartney 8/20/02 15:03:25 17.1 62.9 7.9 0.546 546 81.8 7.62 1.5
McCartney 9/19/02 13:27:07 13.5 56.3 7.7 0.547 547 73.6 7.03 1.5
McCartney 10/17/02 13:44:42 9.2 48.5 7.8 0.540 540 79.6 9.07 0.3

Coyote Cr       6/6/02 11:29:18 10.8 51.4 8.2 0.138 138 87.3 9.67 19.7
Coyote Cr       7/25/02 10:42:28 17.1 62.8 7.9 0.155 155 103.8 9.12 12.2

W Foster Cr   2 7/5/01 <0.3 <11.0 <4.7
W Foster Cr   2 7/5/01 <0.3 <11.0 <4.7

W Foster Cr   2 6/6/02 13:50:48 18.6 65.6 8.9 0.898 898 73.3 6.83 4.6
W Foster Cr   4 6/18/02 11:02:45 16.5 61.7 8.5 0.904 904 99.4 9.28 4.0 81 <0.07 1.6 <0.07 24 <0.3 <0.5 <11.0
W Foster Cr    7/16/02 10:31:16 17.5 63.4 8.2 0.906 906 85.0 7.78 0.3 TNTC <0.07 <0.3 0.1 4
W Foster Cr    8/19/02 13:34:16 15.6 60.1 8.3 0.894 894 104.4 10.03 0.8 TNTC <0.07 <0.3 <0.07 5
W Foster Cr 9/18/02 11:10:36 10.0 50.0 8.1 0.758 758 114.3 11.81 0 74 <0.07 <0.3 <0.07 5
W Foster Cr 10/16/02 9:35:35 6.2 43.2 8.3 0.888 888 106.9 13.08 0

E Foster Cr    5 7/5/01 <0.3 <11.0 <4.7
E Foster Cr    5 7/5/01 <0.3 12.6 <4.7

E Foster Cr    5 6/6/02 14:30:00 22.5 72.5 6.8 0.702 702 79.2 9.02 2.4
E Foster Cr    5 6/18/02 11:20:18 17.9 64.2 8.6 0.735 735 115.4 10.48 8.8 86 0.16 1.5 0.07 24 <0.3 <0.5 12.1
E Foster Cr    1 7/16/02 9:45:00 15.8 60.5 8.2 0.756 756 87.4 8.24 0.0 TNTC <0.07 <0.3 0.13 3
E Foster Cr    8/22/02 8:37:10 12.0 53.6 8.3 0.783 783 95.7 9.96 1.2 TNTC <0.07 <0.3 <0.07 5
E Foster Cr 9/18/02 11:31:52 11.8 53.2 8.2 0.887 887 109.6 10.87 0 46 <0.07 <0.3 <0.07 5
E Foster Cr 10/16/02 10:23:19 4.7 40.4 8.2 0.79 790 108.8 13.86 0

Foster Creek 5/23/01 18.0 64.4 8.8 0.795 795 130.0 11.82
Foster Creek 7/5/01 0.34 0.09 4 <0.3 11.6 <4.7
Foster Creek 9/17/01 14.4 57.9 7.3 0.836 836 67.0 6.63
Foster Creek  3 6/18/02 10:37:47 14.5 58.2 8.1 0.841 841 90.0 8.76 21.4 140 0.41 0.8 0.12 10 <0.3 <0.5 <11.0
Foster Creek  9 7/16/02 9:41:39 14.2 57.6 7.6 0.832 832 90.7 8.43 19.7 TNTC 0.54 0.4 0.1 9
Foster Creek 8/19/02 11:31:40 13.4 56.1 7.6 0.827 827 83.5 8.43 6.7 0 (error?) 0.44 <0.3 0.38 2
Foster Creek 9/18/02 9:46:21 12.4 54.3 7.5 0.818 818 79.5 7.77 1.7 17 0.39 <0.3 <0.07 5
Foster Creek 10/16/02 8:27:25 10.4 50.7 7.6 0.825 825 81.8 9.05 2.7



Table 9.6.  Summary of in situ water quality data collected in WRIA 44 and 50 during watershed studies; Spring/Summer 2001 and 2002 (cont.).
                    

          Water Temp. pH           Conductivity               Oxygen Turbidity Fecal NO2-NO3 TKN Total P N/P Cadmium Lead Moly Chromium
Index Date Time (C) (F) units mS/cm umhos/cm DO%-Sat DO-mg/L NTU col/100ml mg/l mg/l mg/l Ratio ug/l mg/l ug/l mg/l

Pine Canyon   5/23/01 12.5 54.5 8.0 0.607 607 86.0 8.87
Pine Canyon  1 9/17/01 11.2 52.2 7.8 0.608 608 78.0 8.28
Pine Canyon   6/18/02 12:42:19 9.6 49.4 7.9 0.628 628 87.5 9.53 1.7
Pine Canyon  1 7/16/02 12:04:36 11.1 51.9 7.8 0.614 614 78.0 8.21 2.0
Pine Canyon  8/19/02 16:16:25 10.7 51.3 8.0 0.610 610 94.0 10.09 0.3
Pine Canyon 9/18/02 14:38:34 10.1 50.2 7.9 0.602 602 100.4 10.36 3.9
Pine Canyon 10/16/02 14:02:58 7.2 45.0 8.1 0.616 616 98.5 11.76 2.8

Rock Island    5/25/01 11.8 53.2 7.8 0.24 240 91.0 9.57
Rock Island    9/18/01 12.5 54.5 7.2 0.23 230 78.0 8.17
Rock Island    6/18/02 15:18:43 15.2 59.3 8.2 0.244 244 96.0 9.24 0.8
Rock Island    7/16/02 14:44:51 17.8 64.0 8.3 0.243 243 85.7 7.82 0.3
Rock Island   8/19/02 16:40:26 13.3 55.9 7.8 0.248 248 96.2 9.75 0.2
Rock Island 9/18/02 15:58:09 16.4 61.5 7.8 0.241 241 99.6 8.95 0
Rock Island 10/16/02 16:27:55 12.4 54.3 7.9 0.245 245 100 10.59 0

R.I. Spring      7/16/02 15:06:32 13.0 55.3 7.6 0.245 245 80.2 8.11 1.1
R.I. Spring     8/19/02 17:00:00 13.3 55.9 7.8 0.248 248 96.4 9.78 0.2
R.I. Spring 9/18/02 16:23:05 13.3 56.0 7.7 0.245 245 101.2 9.71 0
R.I. Spring 10/16/02 17:20:15 12.2 53.9 7.9 0.248 248 99.1 10.54 0.3

Douglas Cr    5/25/01 19.1 66.4 8.3 0.328 328 96.0 8.48
Douglas Cr   9/18/01 17.9 64.2 7.9 0.331 331 92.0 7.89
Douglas Cr    8 6/18/02 17:28:42 18.2 64.7 8.2 0.328 328 92.5 8.37 1.8
Douglas Cr    1 7/16/02 16:35:07 20.3 68.6 8.2 0.328 328 83.2 7.20 1.1
Douglas Cr    8/20/02 12:27:12 18.1 64.5 8.2 0.331 331 99.6 9.10 1.9
Douglas Cr 9/19/02 10:04:06 15.9 60.6 7.9 0.327 327 100.9 9.16 0.9
Douglas Cr 10/17/02 9:47:33 14.2 57.5 8.1 0.329 329 101.9 10.37 1.6

Sand Canyon 5/24/01 13.9 57.0 7.4 0.061 61 93.0 9.35
Sand Canyon 9/18/01 15.5 59.9 7.5 0.151 151 93.0 9.09

Blue Grade 5/24/01 14.3 57.7 7.1 0.029 29 84.0 8.38
Blue Grade 9/18/01 16.0 60.8 7.1 0.052 52 92.0 8.90

State WQ Criterion - Class A         W< =18.0 64.4 6.5 - 8.5 > 8.00 < 5 over 100
Backgrd

Regional averages (USEPA 2000) 0.930 <0.28 0.109



Table 9-7.  Summary of biometrics describing the late spring macroinvertebrate communities in 
eleven streams in WRIAs 44 and 50.

Site
Density    
(#/sq-m)

Taxa   
Richness

Mayfly 
Richness

Stonefly   
Richness

Caddisfly 
Richness

EPT Taxa 
Richness

EPT Taxa  
(%)

Tolerant 
Taxa (%)

Intolerant 
Taxa 

Richness
Long-Lived 

Taxa 
2001

Sand Canyon 1,755 12 2 0 1 3 21 33.0 1 0
Douglas 8,152 28 4 1 7 12 12 32.1 2 6

Pine Canyon 3,309 24 4 2 6 12 64 28.6 2 3
Blue Grade Draw 198 7 0 0 0 0 0 25.0 0 0

Rock Island 6,233 24 4 2 4 10 47 25.0 2 3
Foster 8,696 16 2 0 3 5 9 41.2 1 1

2002
Coyote 3,276 30 4 3 6 13 22 20.0 1 8

East Foster 6,491 18 3 0 0 3 21 33.3 1 1
West Foster 6,280 25 3 0 2 5 16 44.0 1 3
McCartney 17,437 32 4 0 5 9 61 40.6 3 5
Rattlesnake 5,979 23 1 0 2 3 4 34.8 1 2

Site Collectors Grazers Shredders
Filter 

Feeders Predators Unknown
(%) (%) (%) (%) (%) (%)

2001
Sand Canyon 23.9 0.0 0.0 1.2 0.7 74.2

Douglas 82.4 4.0 0.1 8.6 1.2 3.8
Pine Canyon 60.0 11.6 0.5 12.5 6.6 8.7

Blue Grade Draw 22.1 2.7 0.0 12.4 26.5 36.3
Rock Island 55.1 0.5 0.0 1.4 2.8 40.2

Foster 39.2 0.1 0.4 0.4 1.3 58.6
2002

Coyote 81.4 2.7 5.2 4.2 0.7 5.7
East Foster 24.6 0.1 0.0 35.4 6.0 33.9
West Foster 62.3 0.6 0.0 14.9 1.1 21.1
McCartney 72.0 5.7 0.4 6.6 0.6 14.6
Rattlesnake 39.3 3.9 0.1 31.6 0.5 24.6



Table 9-8.   Stream Reach Inventory and Channel Stability Evaluation 
ratings for each of the surveyed reaches for the WRIA 44 & 50 
Watershed Assessment.

Stream Reach Stability Rating

Coyote Creek
lower reach 94 fair
upper reach 48 good

Foster Creek 71 good
Pine Canyon Creek 74 good
Blue Grade Draw 102 fair
Sand Canyon 82 fair
Rock Island Creek 79 fair
Moses Coulee 78 fair

*Moses Coulee stream channel was dry during the May 2001 survey which 
   may have an influence on the stability rating.  SRI/SCE data collected in 
   Moses Coulee downstream of RM 0.3 to it's confluence with the Columbia River.



Table 9-9.  Result of channel substrate characterization using the Pebble
Count Method for streams surveyed during late spring 2001 / 2002 
in WRIA 44 & 50. 

Stream Reach Particle Size Distribution (mm)

% Finer
 < 6mm D35 D50 D84 D95

Coyote Creek
lower reach 64% 2.3 4.1 14.1 29.8
upper reach 35% 6.0 18.3 109.1 192.0

Foster Creek 20% 16.0 21.7 44.9 64.0
Pine Canyon Creek 20% 16.0 25.8 101.7 173.5
Sand Canyon Creek 49% 3.4 8.0 46.1 80.7
Rock Island Creek 16% 21.2 37.0 108.6 192.0

Moses Coulee no pebble count data collected
Blue Grade Draw no pebble count data collected



Figure 9.1.         Water quality stations in WRIA 44.



Figure 9.2.         Water quality stations in WRIA 50.



Figure 9.3  Coyote Creek Surface Water Temperature Graph
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Pine Canyon Creek
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Figure 9-4.  Water Temperature
Profile in Pine Canyon Creek
from 23 May to 16 September 2001.
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Foster Creek
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Figure 9-5.  Water Temperature Profile in Foster Creek from
23 May to 17 September 2001.  The Temperature
Recorder was Removed from the Stream on August 3,
so Measurements after August 2 are of Air
Temperature Rather Than  Water Temperature.
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Rock Island Creek
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Figure 9-6.  Water Temperature Profile in Rock Island
Creek from 25 May to 17 September 2001.
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Douglas Creek
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Figure 9-7.  Water Temperature Profile in Douglas Creek
from 25 May to 17 September 2001.
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WRIAs 44 & 50



Sand Canyon Creek
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Figure 9-8.  Water Temperature Profile in
Sand Canyon Creek 24 May to 17 September 2001.
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Blue Grade Draw
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Figure 9-9.  Water Temperature Profile in
Blue Grade Draw from 24 May to 17 September 2001.
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10.1.1 STREAM CHANNEL CHARACTERIZATION
Channel morphology is a useful tool for evaluating
the potential aquatic habitat quality of streams and
rivers because it: (1) dictates habitat conditions used
by the various life-history stages of salmonid species
(Beechie and Sibley 1997), (2) directly influences the
productive capacity of each habitat type (Vannote et
al. 1980; Naiman et al. 1992; Paustian et al.1992),
and (3) varies in terms of sensitivity and response to
changes in inputs of water, wood, and sediment from
natural or man-made disturbances or from restoration
activities (Paustian et al. 1992; Montgomery and
Buffington 1993; Rosgen 1997).

The channel morphology of seven streams in WRIAs
44 and 50 was evaluated using topographic maps and
aerial photographs. Channel segments with consistent
geomorphic characteristics and response potential
were delineated based on landform, stream gradient,
channel confinement, and channel planform. The
evaluation indicates that the underlying geologic par-
ent materials, which vary between basins, strongly
controlled channel morphology. The following sec-
tions present a brief discussion of channel segment
types, geomorphic processes, and current conditions
for each drainage.

Foster Creek. The Foster Creek basin is located in
the southwestern half of WRIA 50. It originates on
the Waterville Plateau and drains northward, empty-
ing into the Columbia River downstream of Chief
Joseph Dam. The Foster Creek basin consists of three
major tributaries: East Fork Foster Creek, Middle
Fork Foster Creek, and West Fork Foster Creek.

The Foster Creek basin is located in the area covered
by the Okanogan lobe of the most recent glaciation.
The underlying bedrock consists of tertiary flow ba-
salts. In the Foster Creek basin, the basalt flows are
overlain by a relatively thick layer of glacial till and
outwash, and are only exposed at high elevations
(Gulick and Korosec 1990). Valleys in the Foster
Creek basin are incised into the glacial deposits, in-
tersecting bedrock at some sites. The glacial materials

are susceptible to erosion; therefore, valley bottoms
tend to be wide with very low gradients. In many
cases, multiple terrace systems are apparent, particu-
larly in upland areas. The photographic evidence sug-
gests many channels are currently incising through
old, wide valley bottoms. Gully erosion was observed
on small tributaries throughout the basin. Occasion-
ally, small inner gorge failures occur where large,
laterally mobile channels flow adjacent to steep val-
ley walls.

Foster Creek and its tributaries were subdivided into
nine channel segments (Figure 10-1) as follows:

� Columbia River Floodplain (River Mile [RM]
0.00 to 0.98)

� Cascade (RM 0.98 to 1.03)
� Mainstem Valley (RM 1.03 to 1.70)
� East Fork Foster Creek – unconfined alluvial

(RM 1.70 to 5.85)
� E.F. Foster Creek – glacial coulee (RM 5.85 to

22.55)
� W.F. Foster Creek – high gradient confined (RM

0.00 to 7.15)
� W.F. Foster Creek – incised upland (RM 7.15 to

10.40)
� M.F. Foster Creek – high gradient confined (RM

0.00 to 6.20)
� M.F. Foster Creek – incised upland (RM 6.20 to

7.40)
The river mile conventions used herein follow the
Pacific Northwest River Basins Commission river
mile index for the Columbia River Basin (PNWRBC
1968). Foster Creek begins at RM 0.0 at its conflu-
ence with the Columbia River (Columbia River Mile
544.5) and river mile index continues sequentially
upstream as East Foster Creek to its headwaters.
Other tributaries in this basin begin again at RM 0.0
were they meet the mainstem.

The lowermost mile of Foster Creek flows across the
floodplain formed by the Columbia River. Foster
Creek downcut through sediments deposited by the
Columbia River in this area rather than forming a
pronounced alluvial fan landform. The fact that Fos-
ter Creek enters on the outside of a meander bend
formed by the Columbia suggests the river may have
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rapidly mobilized sediment delivered from Foster
Creek, precluding the formation of a well-developed
alluvial fan landform. The gradient through this sec-
tion is low (1 to 2 %).

A very short, steep cascade section has formed where
Foster Creek cuts across the valley wall that was
formed by the more rapid downcutting of the Colum-
bia River. This section contains a 35-foot high dam
built in the early 1900s. Bartu and Andonaegui (2001)
cite evidence that the dam was built where a bedrock
falls was thought to historically preclude further up-
stream anadromous fish passage. .

Upstream from the falls the stream gradient remains
low for another 0.70 miles, to the confluence with
East Fork Foster Creek. This mainstem valley seg-
ment appears to be aggrading. The entire reservoir
area is currently filled with coarse sediment. Large
amounts of deposited sediment were observed in
1994 aerial photos.

The East Fork of Foster Creek is the largest tributary
in the Foster Creek system, joining the mainstem at
approximately RM 1.70. This tributary flows through
a relatively wide, steep-sided valley that was carved
into glacial drift and glacial lacustrine deposits. The
channel has a moderate gradient (1 to 2 %) and exten-
sive in-channel sediment deposits occur in this shal-
low channel segment.

The reach break is gradual between channel segments
four and five in East Fork Foster Creek (Figure 10-
1). The channel gradient slowly decreases to less than
one percent, and in-channel sediment deposits noted
in the photographic record become scarce. East Fork
Foster Creek appears to be an underfit stream (small
with respect to the size of the valley) from RM 1.70
to beyond the upstream extent of mapped stream
channels. The valley is wide and deep, and it extends
east to Banks Lake. It is most likely an overflow
channel carved by the Spokane floods.

The Middle and West Forks are distinctly different
from East Fork Foster Creek. These channels are
steep and confined at their downstream ends, with
gradients of approximately three percent. Channel
segments six and eight clearly represent valleys

formed by incision of the present channel network
through unconsolidated glacial material. These seg-
ments represent transport reaches, meaning that sedi-
ment delivered from upstream areas is rapidly routed
downstream.

Approximately seven miles upstream of the conflu-
ence with East Fork Foster Creek, West Fork Foster
Creek emerges from the canyon and flows in a low
gradient, incised channel across the Waterville pla-
teau. Multiple terrace systems representing former
valley bottoms and channel locations were noted in
this area. West Fork Foster Creek and many of its
tributaries appear to be actively incising in this area.

In contrast, Middle Fork Foster Creek appears to be
an underfit stream occupying a valley formed by gla-
cial activity rather than fluvial erosion. The channel
in the upper Middle Fork of Foster Creek is less in-
cised and it is unconnected with the distinctive over-
flow channel network formed by the Spokane floods.
The channel has a very low gradient (<1%) and is
unconfined through Buckingham Flats. Buckingham
Flats is a depositional reach for even very fine sedi-
ments, and it currently contains extensive wetlands.
The Middle Fork discharges to the West Fork of
Foster Creek at RM 3.0.

Pine Canyon Creek. The Pine Canyon basin is lo-
cated in the northwestern portion of WRIA 44,
draining west and slightly south to the Columbia
River. The geology of the Pine Canyon basin is dis-
tinctly different from that of the majority of the study
area. Bedrock consists of biotite gneiss of the Swa-
kane terrane (Tabor et al, 1987). This rock is older
than the Columbia River flow basalts, and is common
across the Columbia in the lower Chelan River drain-
age. The Columbia basalt flows appear to have dis-
placed the river to the north and west. It subsequently
downcut across the old bedrock, isolating a small ex-
posed section of the gneiss in the vicinity of Pine
Creek Canyon.

Pine Canyon Creek was subdivided into three channel
segments (Figure 10-2) as follows:

� Alluvial Fan
� Canyon
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� High-gradient Confined

Pine Canyon Creek has developed a small but distinct
alluvial fan on the Columbia River floodplain. The
channel gradient in this segment is 4.8 percent. The
fan appears to be composed of coarse, subangular
sediments deposited as a result of very large floods.
Surface stream flows across the fan are rare and water
travels beneath the surface, except during major
storm events. No surface water was flowing on the
alluvial fan channel segment downstream of SR 2
Highway bridge (RM 1.23) during all surveys con-
ducted in 2001 and 2002.

The middle section of Pine Canyon Creek occupies a
steep-sided bedrock canyon. The valley floor is ap-
proximately 500 feet wide, and is almost entirely
filled with coarse sediment similar to that found on
the alluvial fan. Flow across this sediment deposit is
subsurface for much of the year. The gradient through
this segment is greater than five percent. In fluvially
dominated systems, such steep channels are generally
able to transport sediment delivered from upstream
reaches. The presence of extensive coarse sediment
deposits suggests that the system is dominated by
mass wasting processes or that a wave of fluvially
deposited sediment may currently be working its way
through the system.

At an elevation of around 1,600 feet, Pine Canyon
splits into two main tributaries: Pine Canyon and
Corbally Canyon Creeks. Both of these channels oc-
cupy steep-sided V-shaped valleys with gradients in
excess of 5 percent. These channels appear to be
functioning as transport reaches and no large accu-
mulations of sediment were noted.

Sand Canyon Creek. Sand Canyon Creek is located
in the extreme western edge of WRIA 44, flowing
through the town of East Wenatchee before joining
the Columbia River just downstream of the We-
natchee River confluence. Sand Canyon Creek drains
a very small area of land composed almost entirely of
a large quaternary landslide complex. The landslide
material is composed of fine-grained basaltic diamic-
tite (Tabor et al. 1982).

Sand Canyon Creek was subdivided into two channel
segments (Figure 10-3) as follows:

� Fan (RM 0.0 – 0.8)
� V-shaped Valley (RM 0.8 – Headwaters)

The fan segment extends from the confluence with
the Columbia River to the point where the channel
enters a V-shaped valley near RM 0.8. The “fan”
segment is not a true alluvial fan landform built by
deposition of material from Sand Canyon Creek it-
self, but rather the distal portion of the ancient land-
slide deposit. The channel is weakly incised into this
material. The gradient of the fan segment is high
(4.8%) and it is believed that sediment delivered from
upstream reaches is systematically routed down-
stream.

Upstream of RM 0.8 the channel and its tributaries
are incising into the ancient landslide deposits, form-
ing a narrow, V-shaped valley. This segment is a
transport reach, delivering sediment eroded from the
bed and banks to the fan segment.

Rock Island Creek. Rock Island Creek, located in
the southwestern portion of WRIA 44, flows south
from its headwaters near Badger Mountain for ap-
proximately 20 miles before joining the Columbia
River just upstream of Rock Island Dam. The Rock
Island Creek drainage basin is underlain by layers of
flow basalts above and below a thin layer of Ellens-
burg formation sedimentary rocks (Tabor et al. 1982).
Loess deposits are present at high elevations. A num-
ber of very large Quaternary landslides (younger than
that described for Sand Canyon Creek) are mapped
near the mouth of Rock Island Creek.

The mainstem of Rock Island Creek and its major
tributary, Beaver Creek, have both carved steep-sided
canyons through this resistant parent material. Bed-
rock outcrops are common along the canyon walls.

Rock Island Creek has been subdivided into four
channel segments (Figure 10-4) as follows:

� Alluvial Fan (RM 0.0 – 0.3)
� Lower Canyon (RM 0.3 – 7.8)
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� Cascade (RM 7.8 – 8.0)
� Upper Canyon (RM 8.0 – Headwaters)

A very small alluvial fan exists near the confluence
with the Columbia River, but within 1,400 feet Rock
Island Creek enters a steep-walled canyon. The lon-
gitudinal gradient across the fan is approximately 5
percent.

Rock Island Creek occupies a canyon for most of its
length. The lower Canyon segment (RM 0.3 to 7.8)
has a gradient of approximately 3.2 percent. Aerial
photographs indicate that the 200 to 500 foot wide
canyon floor is currently filled with extensive sedi-
ment deposits and that the channel pattern throughout
the reach is braided. Historic accounts describe lower
Rock Island Creek as “a serene pastoral setting, with
intermittent groves of cottonwood, aspen and service-
berry” (WDOE 2000). However, between 1948 and
1957 a series of large floods dramatically altered the
channel conditions, reducing the river bed to huge
boulders, river rock, sand, and silt. As a result of
these floods, the formerly year-round flow now goes
subsurface in the lower canyon most years (WDOE
2000). Evidence of the landslides and debris flows
that occurred during these floods was still evident on
the valley walls in aerial photographs dating from
1978.

Near RM 8.0 the creek flows across a very resistant
layer of bedrock known as the Hammond sill, and the
gradient increases dramatically to over seven percent.
Although no direct observations of this area were
made, it is likely that the channel bedforms are pre-
dominantly cascades formed by boulders and bedrock
in this segment.

Upstream of RM 8 in the upper canyon segment, the
gradient decreases to approximately 3.3 percent. The
valley floor is narrow, averaging 100 to 200 feet in
width. The upper canyon segment does not appear to
have been as dramatically impacted by the historic
flood events as the lower canyon segment. The ripar-
ian vegetation is still intact (Section 10.1.2), and a
single thread channel is visible in places. The canyon
continues to the headwaters of Rock Island Creek.
The Creek splits into very small tributaries on the
relatively flat surface of Badger Mountain.

The historic descriptions of Rock Island Creek indi-
cate that there were numerous beaver dams in the up-
per reaches. Beaver dams may play an important role
in sediment retention, flood attenuation, and summer
low flow maintenance in stream systems like those
found in WRIAs 44 and 50. No information on the
presence or absence of beaver was located for other
drainages in WRIA 44, but it is likely that they occu-
pied and may have significantly influenced channel
morphology in other streams in the area as well. Bea-
ver activity influencing the channel and habitat fea-
tures was noted along the mainstem channel of Foster
Creek in WRIA 50 during 2001 surveys.

Moses Coulee/Douglas Creek. Moses Coulee and
the Douglas Creek basin make up the majority of the
drainage area of WRIA 44. Douglas Creek originates
on the Waterville plateau and flows south for ap-
proximately 20 miles before entering the northeast- to
southwest-trending Moses Coulee, ultimately dis-
charging into the Columbia River. Moses Coulee is a
former overflow channel of the Columbia River that
was subsequently eroded by a series of enormous
floods originating from the periodic breaching of an
ice-dammed lake that had formed east of Spokane.
These floods excavated the channels and left alluvial
deposits several hundred feet thick.

The Moses Coulee/Douglas Creek basin was subdi-
vided into five channel segments (Figure 10-5), as
follows:

� Moses Coulee Alluvial Fan (RM 0.00 to 0.70)
� Moses Coulee (RM 0.70 to 16.70)
� Douglas Creek High Gradient Fan (RM 0.00 to

0.70)
� Douglas Creek Canyon (RM 0.70 to 13.60)
� Douglas Creek Plateau (RM 13.6 to Headwaters)

A small alluvial fan has formed where Moses Coulee
enters the Columbia River. The fan is composed of
primarily (1) fine material (sand and gravel) trans-
ported through the very low gradient Moses Coulee
segment and (2) coarser materials recruited locally
from the stream banks.
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Upstream of the alluvial fan, the creek flows through
the wide flat Moses Coulee. The valley is overfit,
meaning that it was formed by flows much greater
than those of the present day stream. This drainage
basin continues to be subject to large seasonal flow
events and channel disturbances. The gradient
through this segment is very low (<0.3%). In 1927 the
US Army Corps of Engineers dredged and diked this
channel such that it is confined in its present location
in the valley bottom.

At RM 16.7, Douglas Creek joins Rattlesnake Creek
and forming the mainstem of Moses Coulee. Douglas
Creek has a large alluvial fan extending from the
mouth of the canyon out into the valley bottom. At
least three active or historic distributary channels are
visible on the fan surface. The active stream channel
is dynamic as a result of the bedload deposition. For
example, the county road on the fan currently fords
the creek across sheet flow that has left its primary
channel. Because it is an aggradational feature the
alluvial fan’s gradient is high relative to the down-
stream reaches. The fan is composed of material
routed through the canyon segment at high flows, and
consists of a mixture of sediments ranging from sand
and gravel up to boulder sized materials.

Upstream of the high gradient fan, Douglas Creek
flows through a bedrock canyon. The canyon is very
narrow with nearly vertical sideslopes. The initial
highly confined canyon is steep but the headwater
gradient is fairly mild, averaging 1.2 percent along
the entire length of the upper watershed. The head-
water is fed by a number of large tributaries originat-
ing on Badger Mountain to the west and shorter
tributaries originating on the plateau to the north.
There was no evidence of extensive flood deposits
like those observed in Rock Island or Pine Canyon
Creeks. Valley sideslopes and tributary channels ap-
peared to be stable, exhibiting little evidence of mass
wasting on the photographic record.

10.1.2 RIPARIAN HABITAT
Riparian habitats in WRIAs 44 and 50 were charac-
terized from 1978 and 1994 aerial photographs. The
black and white 1978 photographic surveys were
flown for the Washington Department of Transporta-
tion at a scale of one inch equals one mile (1:63,360).

The 1994 photo set consisted of 2-meter resolution
black and white digital orthophotos obtained from
Douglas County. Riparian conditions were mapped at
a scale of approximately one inch equals 500 feet
(1:6,000) from the 1994 orthophotos using ArcView
software.

Riparian habitat conditions along the mainstem chan-
nels and large tributaries were evaluated following
the general protocols outlined in the Washington
State Board Manual for conducting Watershed
Analysis (WDNR 1997). Riparian vegetation was
classified as conifer trees, deciduous trees, mixed
conifer and deciduous, and non-forested. If present,
the tree size was categorized as large, medium, or
small, and the canopy cover was rated sparse (<50%
canopy cover) or dense (>50% canopy cover). Since
it is often difficult from the aerial photographs to dis-
tinguish between vegetation communities dominated
by dense shrubs and small trees, communities de-
scribed as deciduous young dense or shrub were
lumped together as one category. Qualitative notes
were recorded describing riparian vegetation patterns
and conditions on small tributaries.

Due to the large scale, riparian conditions in the 1978
photographs were difficult to evaluate. Areas with
tree cover were identified and delineated on 1:24,000
scale topographic maps, but no information on tree
type, density, or non-forest conditions was recorded.
Riparian vegetation types identified within WRIAs 44
and 50 on the 1994 aerial photos are summarized in
Table 10-1.

The following sections describe riparian conditions
within each of the study stream basins.

Foster Creek. Riparian vegetation communities were
evaluated along the three main forks of Foster Creek.
The majority of the stream length evaluated was bor-
dered by non-forested vegetation types.

On West Fork Foster Creek, short, narrow stands of
hardwood trees were noted in two locations, 1) ap-
proximately 1.5 miles upstream from the confluence
with East Fork, and 2) upstream of the confluence
with Middle Fork. The locations and extent of the tree
stands did not change substantially compared to the
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1978 photo set. The channel appeared to be incised
and eroding banks were visible in many locations.
Conditions in small tributary streams were generally
similar, with few small patches of trees or shrubs pre-
sent. Gully development was noted on several small
tributaries. The existing riparian vegetation types and
distribution suggests that both shade and large woody
debris (LWD) recruitment are limited in West Fork
Foster Creek, and that the lack of streamside vegeta-
tion may contribute to bank instability.

Forest riparian community types were more common
in the Middle Fork Foster Creek drainage. Occasional
trees bordered most of the channel length. Shrub
communities were extensive in places, particularly
through Buckingham Flats. Conditions in small
tributary streams were generally similar to those
noted in the West Fork Foster Creek drainage, with a
few small patches of trees or shrubs present.

East Fork Foster Creek occupies a wider valley than
either West Fork Foster Creek or Middle Fork Foster
Creek, and much of the area has been managed at one
time or another for agriculture. Riparian zones bor-
dering more than 60 percent of the mapped channels
had a component of trees, but the vegetation zones
were classified as sparse and narrow, with canopy
cover of less than 50 percent. As a result, riparian
communities consisting of large-sized trees capable
of contributing to various channel or habitat-forming
functions were rare. Dense shrub or small tree com-
munities were also rare. These vegetation types may
have always been rare in the basin. Such conditions
indicate that both shade and LWD recruitment are
lacking. East Fork Foster Creek appears to be a low
gradient pool-riffle channel, and additional channel
structure would increase both the hydraulic complex-
ity and sediment storage capability of the channel.

Small tributary drainage channels in the East Fork
Foster Creek basin were steep and non-forested.
Small channel landslides or gullies were noted on the
aerial photographs in several areas.

Pine Canyon Creek. Pine Canyon Creek was unique
among the channels evaluated because it was the only
area where conifer trees were a component of riparian
communities. The most downstream portions of the

creek are non-forested, but occasional conifers occur
along the canyon walls. A channel segment with
scattered hardwood trees was mapped approximately
1.5 miles upstream of the confluence with the Co-
lumbia River.

Pine Canyon Creek is formed by two major tributar-
ies: Pine Canyon Creek and McGinnis Canyon Creek.
Stands of conifer trees become common on north-
and east-facing valley walls upstream of the conflu-
ence of these two tributaries. McGinnis Creek is bor-
dered for much of its length by a dense stand of me-
dium to large hardwoods, mixed with conifers at high
elevations. Pine Canyon Creek is also bordered by
medium sized hardwood trees, although the riparian
zone is often narrow and conifers are scarce. Condi-
tions observed in the 1978 photos indicate there has
been little change in the location or extent of riparian
tree communities in the last quarter of a century.

The prevalence of medium to large-sized trees, in-
cluding some conifers, in riparian areas along upper
Pine Canyon Creek and its tributaries indicates that
there is a potential supply of large woody debris.
There is a scarcity of trees or shrubs along the lower
reaches of the channel since water does not flow there
during the growing season.

Blue Grade Draw. The lower reaches of Blue Grade
Draw flow adjacent to SR 2 and through the rural-
residential community of East Wenatchee. The low-
ermost reach was mapped with medium-sized, dense
hardwoods and shrubs. During the fish habitat as-
sessment, the area was described as having luxurious
riparian growth lying along the stream channel where
summer flows are maintained by irrigation return
flow (RM 0.0 to 0.27).

The existing riparian community appears to provide
adequate shade to the wetted portion of Blue Grade
Draw. Even in the lower portion of Blue Grade draw,
where riparian vegetation is dense, the trees and
shrubs adjacent to the stream are limited in their
LWD recruitment potential.

Sand Canyon Creek. Similar to Blue Grade Draw,
the lower reaches of Sand Canyon Creek flow
through the rural-residential community of East We-
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natchee. The lower 1.5 miles of the stream are bor-
dered by a mixture of residential properties, orchards,
and a county park. Riparian vegetation throughout
this section consists of an almost continuous but nar-
row band of small to medium deciduous trees, mixed
with areas of shrubs. Upstream of the developed areas
and agricultural lands where the channel transitions
into the V-shaped valley segment, the channel is bor-
dered by a sparse stand of low shrubs for approxi-
mately half a mile. The steep hillsides bordering the
headwater areas and tributaries support sagebrush,
and streamside trees or shrubs are largely absent.

Trees within the riparian zone bordering the lower
channel segment provide shade and represent a po-
tential source of LWD. However, the density of resi-
dential and agricultural land uses on both sides of the
stream likely limit the longevity of in-channel LWD
and shade. Trees that could enter the stream and po-
tentially form log jams or redirect flow or shade or-
chard trees are probably removed to protect humans
and their property.

Rock Island Creek. The Keane family, early settlers
in the area, established a ranch in the Rock Island
Creek valley in 1887. Interviews with the family’s
descendents indicate that the Keane family cut wood
in the cottonwood groves along lower Rock Island
Creek (Bartu and Andonaegui 2001). Construction of
roads and railroads facilitated access to the area, and
cattle and horses were grazed in the valley bottom.
Beaver were also described as harvesting wood in the
cottonwood groves.

Conditions in the stream channel and riparian zone
reportedly changed dramatically as a result of a series
of large floods in the 1940s and 1950s (Section 10.1).
Riparian vegetation is currently scarce along the low-
ermost 2.6 miles of Rock Island Creek, consisting of
scattered low shrubs and occasional small trees. Dif-
ferences were noted between the 1978 and 1994 aer-
ial photos. The lowermost portion of Rock Island
Creek, downstream from the highway bridge, is cur-
rently bordered by a stand of small trees and shrubs.
The stream discharges into a backwater marsh of the
Columbia River that supports dense shrubs and wil-
lows. The largest trees and the widest zone of riparian

vegetation occur along the creek in the vicinity of the
man-made springs near RM 0.52.

Upstream of RM 0.52, the creek is seasonal and ri-
parian vegetation is sparse. Above the confluence
with Beaver Creek there is a small grove of medium-
sized deciduous trees along the river, but the banks
generally remain un-forested until approximately RM
3.8. Upstream of this point to the headwaters (RM
8.0) the stream is bordered by medium to large de-
ciduous trees in a continuous band, varying from
sparse to dense. The narrow riparian zone likely pro-
vides LWD and shade to the channel throughout this
reach.

Similar conditions were noted on Beaver Creek. At
high elevations conifers become more common and
they sometimes occur adjacent to small tributary
channels. The largest tributary channels typically
support a narrow band of deciduous trees along the
channels.

Moses Coulee/Douglas Creek. Poor photographic
quality precluded evaluation of the lower section of
Moses Coulee, but riparian vegetation was mapped
upstream of the Highway 28 bridge (RM 1.4). Exten-
sive agricultural development has occurred in Moses
Coulee. The US Army Corps of Engineers dredged
and artificially constrained the channel for much of
its length for flood control. The county has similarly
constrained the channel at various locations for road
development. No riparian tree or shrub communities
were noted until about RM 16, where the channel
traverses the alluvial fan formed at the mouth of
Douglas Creek. Scattered large trees were noted
along all of the distributary channels crossing the fan,
but canopy cover was generally less than 20 percent.

Trees were scarce within the bedrock canyon of
Douglas Creek (RM 0.7 to 13.6) as well, occurring
only occasionally as isolated individual trees along
the canyon walls. At approximately RM 13.6, where
the stream enters the upper end of the canyon, the
valley widens somewhat and the channel is bordered
by shrubs and small trees. Riparian vegetation is gen-
erally low and sparse until the creek reaches the town
of Douglas (RM 16.6). A narrow band of medium to
large deciduous trees extends for about a half mile
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along the channel at this point. Upstream of the town
of Douglas the headwaters and tributary channels
flow through farm fields.

Tributaries entering the canyon from Badger Moun-
tain to the west frequently support stands of mixed
deciduous and conifer trees adjacent to the channels.
Trees are more common and are predominantly co-
niferous at high elevations. Riparian zones along high
elevation tributary channels may serve as a source of
LWD to downstream reaches, but overall LWD re-
cruitment in the Douglas Creek basin is low.

1 0 . 2  B A S E L I N E  H A B I T A T  D A T A  C O L L E C T I O N
During the summer of 2001 and 2002, physical, hy-
drological, and biological conditions of seven streams
with potential access to the Columbia River were as-
sessed. The habitat conditions considered included:
(1) anadromous fish access assessment, (2) physical
channel assessment, and (3) habitat assessment in-
cluding such features as pool and wood frequencies,
spawning gravel abundance, riparian vegetation con-
ditions, and stream flows with respect to the potential
aquatic biological productivity of each stream. The
initial findings are documented in Appendix E and
are discussed below for each stream.

10.2.1 ANADROMOUS FISH ACCESS
In general, the topography and landforms within the
WRIAs limit the access of anadromous fish to tribu-
tary streams entering the Columbia River. The high
plateau of the Columbia Basin breaks off sharply near
the canyon walls of the Columbia River creating (1)
very steep, cascading stream reaches through inter-
gorge canyons and (2) extensive alluvial fans at the
mouths of these streams as channel gradients flatten
near the river. Low summer stream flows often go
subsurface across these areas, restricting fish access
and rearing capabilities. Steep gradients in the canyon
areas upstream of the alluvial fan are generally not
conducive to anadromous fish production.

Blockages to the upstream and downstream migration
of anadromous fish species were found in all of the
streams surveyed to date. Man-made structures, in-
cluding a dam in Foster Creek [River Mile (RM)
1.03] and irrigation control structures and road cul-
verts in Blue Grade Draw (RM 0.27) and Sand Can-

yon Creek (RM 0.35), limit the potential for further
upstream migration. Migratory blockages in the form
of dry stream channels were noted in all other streams
surveyed, including Pine Canyon Creek downstream
of the SR 2 Highway Bridge (RM 0.0 to 1.23), Blue
Grade Draw and Sand Canyon Creek during periods
when irrigation water is terminated, Rock Island
Creek upstream of the excavated springs near RM
0.55, and Moses Coulee downstream of the conflu-
ence with Douglas Creek (RM 0.0 to 16.7). Many of
the flow blockages are natural conditions that existed
historically in the WRIAs, prior to land use develop-
ment.

The presence of anadromous salmonid fish in Foster
Creek and Rock Island Creek was confirmed during
2001. Two other streams had limited observations of
anadromous salmonid use: Sand Canyon and Moses
Coulee (WDF 1987, Bartu and Andonaegui 2001).
Anadromous fish use was not observed in these
streams in 2001. Two other streams, Pine Canyon
Creek and Blue Grade Draw, have occasional access
to the Columbia River and the potential for at least
temporary anadromous fish use. However, neither of
these streams supported anadromous species during
2001. Coyote Creek is upstream of Chief Joseph
Dam, a barrier to migratory fishes. However, future
fish passage facilities at this structure are desirable
and the Planning Unit agreed to assess Coyote Creek
during the summer of 2002 for it’s future potential to
support anadromous fish production. An assessment
of the waterbodies in relation to the potential for mi-
gratory fish access is shown in Table 10-2.

Foster Creek. Foster Creek is accessible year-round
to anadromous salmon and steelhead trout migrating
through the Columbia River up to Chief Joseph Hy-
droelectric Facility, the US Army Corps of Engi-
neers’ mainstem dam. This facility is the lowest on
the Columbia River without provision for anadro-
mous fish passage. Since Foster Creek enters the Co-
lumbia River from the south shore at Columbia RM
544.5, immediately downstream of Chief Joseph
Dam, it is currently the most upstream tributary in the
Columbia River Basin with anadromous fish produc-
tion.
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Summer-run steelhead trout were observed spawning
in the creek between RM 0.28 and 0.98 in late May
2001. Young-of-the-year juvenile trout rearing in the
anadromous fish section were noted throughout the
summer low flow season. These fish have upstream
access to a steep, cascading stream section complete
with numerous bedrock falls that is just short of an
approximately 35 ft. high dam built in a tight bedrock
constriction near RM 1.03. The Bridgeport Irrigation
District reportedly constructed the dam during the
early part of the 20th Century as an irrigation water
supply. The dam and subsequent irrigation were
abandoned when bedload materials consisting of
coarse and fine sediments filled the reservoir, elimi-
nating the facility’s capacity to store and deliver wa-
ter. It is reported that the dam was built in the vicinity
of a bedrock falls that historically limited anadromous
fish passage (Bartu and Andonaegui 2001).

Low stream flows, measured at the dam site the
summers of 2001 and 2002, have been continuous but
low, ranging between approximately 0.6 and 4.0 cfs.
Base flows occurring during the month of August
were in the vicinity of 1.0 cfs. A series of springs
along the middle and west forks and along the west
side of the mainstem of Foster Creek support con-
tinuous flow.

Pine Canyon Creek. Pine Canyon Creek is not ac-
cessible to anadromous fish because stream flows are
subterranean across the alluvial fan and downstream
of the SR 2 Bridge to the creek’s confluence with the
Columbia River (RM 0.00 to RM 1.23).

Upstream of the SR 2 Highway Bridge, small vol-
umes of ground or hyporehic water are forced to the
surface and flow was present throughout the summers
of 2001 and 2002. This expression of surface water
may be in relation to zones of shallow bedrock in the
vicinity (Section 3.0, Hydrogeology and Groundwater
Flow). Riparian vegetation is abundant where surface
water is present and generally lacking along the dry
stream reach. This observation generally supports the
assumption that near surface water, upstream of SR 2,
is available during most of the growing season.
Stream flow monitoring at RM 1.62 indicates summer
surface waters flow between 0.2 and 0.4 cfs. The

lowest flows were measured during the month of
September (Section 7.0, Streamflow Monitoring).

Blue Grade Draw. Blue Grade Draw is the first
drainage system immediately south of the SR 2
crossing of the Columbia River on the Douglas
County side. It lies within the city of East Wenatchee.
It is supported entirely by irrigation return flow origi-
nally withdrawn from the Wenatchee River. Surface
water generally flows during the March to October
irrigation season. The stream channel is reportedly
dry during the balance of the year. Luxurious riparian
growth covers the stream banks, indicating the pres-
ence of water during the growing season. The channel
appears to be accessible to anadromous fish species
during this period, but actual use has not been docu-
mented.

Streamflow from the upstream drainage basin is di-
rected to the north of SR 2. Thus, when irrigation
water is terminated, the channel dries completely.
During the irrigation season, surface flow begins at
the irrigation structure at RM 0.27. From this point
the streamflows underneath SR 2 and daylights on the
south side at RM 0.23. The stream channel down-
stream of this point is poorly defined, running over
roots and masses of grass and through thickets of ri-
parian willows as it winds its way onto a short, allu-
vial fan with multiple, shallow distributary channels
at the confluence with the Columbia River. The allu-
vial fan may pose a low flow passage impediment to
the upstream migration of returning adult fish.

Sand Canyon Creek. Sand Canyon Creek enters the
Columbia River on its eastern shore approximately
two miles downstream of SR 2. It flows within the
city limits of East Wenatchee, Washington. Surface
water in the creek is supported by irrigation return
flow during the summer months. Water from the irri-
gation ditch flows is siphoned into the stream channel
at approximately RM 0.54 and flows downstream to
the SR 28 crossing (RM 0.35), where it is recollected
and distributed to local orchards by means of a head
gate and irrigation manifold. The balance of unused
water continues downstream in the channel to the
Columbia River. Without irrigation water, it is as-
sumed that this channel would be dry during the early
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spring and summer season and would remain dry un-
til periods of intense rainfall.

Anadromous fish have access to the section of Sand
Canyon Creek downstream from the SR 28 road
crossing and irrigation manifold. No fish were ob-
served in Sand Canyon Creek during our May 2001
field survey, but Washington Department of Fish and
Wildlife (WDFW) personnel have observed juvenile
anadromous fish species in the lower section during
the 1990s. These fish were assumed to be seasonal
migrants from the Columbia River rather than fish
produced in Sand Canyon (Bartu and Andonaegui
2001).

A streamflow gauge was installed immediately down-
stream of the manifold structure and recorded the
summer flow in this  portion of the channel. For the
period of record (May-September 2001), flows
ranged between approximately 0.5 and 3.0 cfs, with
the lowest flows occurring during the month of
August (Section 7.0, Streamflow Monitoring).

Rock Island Creek. Rock Island Creek enters the
Columbia River on its eastern shore immediately up-
stream of Rock Island dam (Columbia RM 453.5).
Streamflow in Rock Island Creek is currently sup-
ported by a perennial flowing spring located at ap-
proximately RM 0.52. This spring was excavated in
the 1950s for stock watering purposes following
channel-altering floods that buried the previous
stream channel. The channel upstream of the spring
generally remains dry from early spring to late fall of
each year (Keane 2001). As such, anadromous fish
are assumed to have access all year to Rock Island
Creek from the confluence with the Columbia River
upstream to RM 0.52.

During habitat surveys conducted in late-May, 2001
young-of-the-year salmonid fry in the range of 50 to
60 mm in size were observed in the creek near its
confluence with the Columbia River (RM 0.04).
Based on size and parr mark patterns, these fish were
assumed to be either chinook or coho salmon.
Whether the observed fish were the offspring of par-
ents spawning in Rock Island Creek or emigrated
from the Columbia River could not be determined.
Spawning gravel was observed sporadically through-

out the survey reach upstream to approximately RM
0.44. WDFW observed spawned-out adult coho
salmon carcasses in the lower reach of Rock Island
Creek during the 1980s (Bartu and Andonaegui
2001).

As reported at the gauge located at RM 0.17, low
summer streamflows in Rock Island Creek during
2001 and 2002 generally ranged between 0.1 and 1.0
cfs. The spring appears to be a near-surface expres-
sion of groundwater, likely as a result of shallow bed-
rock in the vicinity (Section 3.0, Hydrogeology and
Groundwater Flow). During low flow periods, it was
estimated that surface flow from the spring contrib-
utes approximately one half to three fourths of the
flow observed in Rock Island Creek. Additional
groundwater seepage may make up the balance of
streamflow at RM 0.17. The spring offers a base flow
of around 1 cfs during July and August, but the con-
tribution declines in September and October. The de-
crease in surface water contribution in fall indicates a
typical time lag in groundwater response to percola-
tion input rates. This information supports the hy-
pothesis that the surface and groundwater bodies in
lower Rock Island Creek are closely connected.

Moses Coulee. Anadromous fish did not have access
to Moses Coulee and any upstream tributaries during
2001 and 2002 as a result of dry stream channels.
Channel observations indicate it may have been more
than three years ago that there was stream flow in the
channel. There are no other physical barriers to up-
stream fish migration in the channel. WDF and WDG
documented anadromous fish use in Moses Coulee
during the 1970s and 1980s in the lowermost 1.8 RM
of the Coulee.

Further assessment will be needed to determine the
relationship between upstream water sources and
their expression as potential surface water stream
flows in Moses Coulee.

10.2.2 FISH HABITAT ASSESSMENT
Stream channels were typed in reaches accessible to
anadromous fish according to gradients, channel and
valley confinements to describe channel processes
and other physical characteristics available for fish
habitat formation. The channel typing system in-
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cluded a combination of Montgomery and Buffington
(1993) and Paustian (1992) approaches for describing
the value of certain channels for fish use. The channel
morphologies described below are at a small scale
and are considered subsets of the overriding channel
segments defined in each basin in Section 10.1.1,
Stream Channel Characterization.

Pools and in-channel loading of large woody debris
(LWD) are important channel features for aquatic
habitats and they were assessed during the 2001 sur-
veys. The frequency that pools occur along a stream
channel is a fundamental aspect of channel morphol-
ogy (Montgomery et al. 1995). Pools may be formed
by either hydraulic interaction of sediment and water
movement, or they may be forced by local flow ob-
structions such as boulders, bedrock outcrops or
LWD. As example, the typical pool spacing in self-
formed pool-riffle channels, one of the most produc-
tive channel types, is on the order of 5 to 7 channel
widths between pools. The frequency of pools can be
increased in this channel type to approximately 2 to 4
channel widths between pools under conditions of
high LWD loading. Pool spacing is a primary channel
attribute that is very sensitive to LWD loading in
Pool-Riffle channel types.

Foster Creek. The reach of Foster Creek, down-
stream of the concrete dam at RM 1.03, consists pri-
marily of four channel morphologies:

� Alluvial Fan (RM 0.00 to 0.05)
� Step-Pool (RM 0.02 to 0.36)
� Pool-Riffle (RM 0.36 to 0.98)
� Cascade-Falls (RM 0.98 to 1.03)

The alluvial fan consists of coarse and fine sediments
deposited at the point where the channel gradient de-
creases as the stream enters the Columbia River.
Stream gradients are generally less than one percent
and riffle habitat accounts for about 42 percent of the
reach length (Table 10-3). A small amount (60 ft.2,
5.6 m2) of spawning gravel was recorded in this sec-
tion. The usefulness of this reach as a spawning area
is somewhat reduced by the backwater elevations of
Wells Pool and tailrace of Chief Joseph Dam which
inundate most of the fan during high pool elevations.

The step-pool channel reach (RM 0.02 to 0.36) has a
moderately steep channel gradient (2.5 to 5 percent)
with a series of pools separated by short cascading
sections. Small amounts of spawning gravel were ob-
served in riffles associated with pool tailouts. A total
of 91ft.2 (8.5 m2) of spawning habitat was observed in
this section during the May 2001 survey. Although
this channel type is generally considered a sediment
transport reach, a possible steelhead redd was seen at
RM 0.28. Step-pool channels are a productive habitat
type for rearing juvenile steelhead trout. The lower-
most portion of this stream section has been channel-
ized and straightened, likely in relation to construc-
tion of Chief Joseph Dam and the road bridges
crossing the lower channel.

The pool-riffle reach (RM 0.36 to 0.98) in Foster
Creek is low gradient (<0.5 to 1.5 %). Approximately
431 ft.2 (40 m2) of spawning gravel was mapped and
the majority of steelhead spawning activity was ob-
served in this reach. However, high levels of fines
were noted in the streambed. The embeddedness of
dominant substrate particles with fine sediments was
rated at 50 percent or higher in approximately 20 per-
cent of the sampled habitat units. These levels of
sedimentation have been associated with biologically
meaningful reductions in survival to emergence of
incubating salmonid embryos and alevins, the amount
and diversity of invertebrate prey species for fry,
over-wintering habitat, and refuge space from preda-
tors. Since steelhead trout are spring spawners, the
embryos incubate in the gravel on the descending
limb of the hydrograph. This life-history strategy re-
duces the likelihood of adverse siltation effects on
embryo development. Nevertheless, current levels of
siltation could adversely influence rearing habitat in
Foster Creek.

The cascade-falls reach (RM 0.98-1.03) in Foster
Creek occurs in a bedrock constriction that drops
roughly 50 ft. in elevation over a distance of 300 feet
(17 % gradient). It is unlikely this reach contains con-
siderable anadromous spawning or rearing habitat.
None of the salmonid fishes noted during May 2001
were observed in this section.
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Reaches upstream of the bedrock constriction and the
diversion dam include the West, Middle and East
Forks of Foster Creek. They channel networks are
associated with resident salmonid production areas
only.

Pine Canyon Creek. The survey reach upstream of
the SR 2 crossing (RM 1.23) consists of a single
channel morphology:

� Pool-Riffle (RM 1.23 to 1.62).

The pool-riffle reach is low to moderate gradient (1.0
to 2.5 percent). The habitat sequence is alternating
pools and riffles with only one cobble step classified
as cascade habitat. Pool habitat frequency was gener-
ally low; less than ten percent of the reach by length
is composed of pool habitat (Table 10-3). Although a
spawning area survey for this stream reach was not
conducted, stream bottom substrates were character-
ized as having a high composition of small to large
gravel with occasional cobble accumulations. Chan-
nel substrates were generally clean (low percent
fines) with silt or sand substrate dominant in only a
few habitat units. Although pool habitat was limited,
the abundance of available, clean gravel should be
conducive to successful spawning and rearing and the
production of key prey items for salmonid fishes.

The lowermost 1,000 feet of the surveyed reach con-
tains very little riparian vegetation, with sage and
grasses as the dominant species. Small bank failures
and actively eroding banks were common. The upper
1,000 feet of the reach contained dense riparian
vegetation of deciduous trees and shrubs providing
excellent streamside shade, overhanging cover, and
stream bank stability.

Blue Grade Draw. The survey reach downstream of
the SR 2 crossing (RM 0.23) primarily consists of
two channel morphologies:

� Alluvial Fan (RM 0.00 to 0.01)
� Step/Pool-Riffle (RM 0.01 to 0.23)

The alluvial fan consists of coarse (small gravel) and
fine sediments where the channel gradient decreases
as the stream enters the Columbia River. Stream gra-

dient is generally less than 1.0 percent and riffle
habitat accounts for the entire reach length. A single
patch (12 ft.2, 1.1 m2) of spawning gravel was
mapped within this section. Streamflow was dis-
persed across the fan resulting in low average water
depth (0.3 ft.). The lowermost portion of this section
may be susceptible to inundation during high pool
backwater elevations behind Rock Island Dam.

The step-pool reach is moderate gradient (2 to 4 per-
cent). The habitat sequence is alternating pools with
cobble/boulder steps separating the pool units. A total
of 48 ft.2 (4.46 m2) of spawning gravel, distributed in
small patches throughout the reach, was mapped.
Stream bottom substrates were characterized as hav-
ing a high composition of silt and sand accumula-
tions, probably due to the high consistency of fine-
grained material eroding from the stream banks.
Spawning and rearing habitat, and food production
may be compromised as a result of fine sediment lev-
els noted in Blue Grade Canyon Creek.

Sand Canyon Creek. The stream reach downstream
of the SR 28 crossing of Sand Canyon Creek consists
of primarily two channel morphologies:

� Alluvial Fan (RM 0.00 to 0.05)
� Pool-Riffle Channel (RM 0.05 to 0.35)

The alluvial fan consists of coarse (small gravel) and
fine sediments deposited where the channel gradient
decreases as the stream enters the Columbia River.
Stream gradient is generally less than 1.0 percent and
riffle habitat accounts for all of the reach length (Ta-
ble 10-3). A single patch (12 ft.2, 1.1 m2) of spawning
gravel was mapped within this section.

The pool-riffle reach is low gradient (0.5 to 1.5 per-
cent). The habitat sequence is alternating pools and
riffles with occasional cobble steps that were classi-
fied as cascade habitat. A total of 200 ft.2 (18.6 m2) of
spawning gravel, distributed in small patches
throughout the reach, were recorded. Stream bottom
substrates were characterized as having a high com-
position of silt and sand accumulations. This obser-
vation corroborates the pebble count data presented in
Section 9.3.3, likely as a result of the high composi-
tion of fine-grained material eroding from stream
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banks. Spawning, rearing, and food production may
be compromised as a result of fine sediment levels
noted in Sand Canyon Creek.

Rock Island Creek. It is assumed anadromous fish
species have year-round access from the confluence
of Rock Island Creek and the Columbia River up-
stream to the man-made spring located along the
north side of Rock Island Creek at RM 0.52.

The reach downstream of the springs at RM 0.52 can
be delineated into 2 channel morphologies consisting
of:

� Alluvial Fan (RM 0.00 to 0.08)
� Pool-Riffle Channel (RM 0.08 to 0.52)

The alluvial fan reach consists of coarse and fine
sediment deposition where the channel gradient de-
creases near the railroad and highway bridges and as
the stream enters the Columbia River. Stream gradi-
ents are generally less than 1.0 percent and riffle
habitat accounts for about 90 percent of the reach
length (Table 10-3). A small amount (74 ft.2, 6.9 m2)
of spawning gravel in this section was mapped.

The pool-riffle reach is low gradient (0.5 to 1.5 per-
cent). An estimated total of 154 ft.2 (14.3 m2) of
gravel, distributed intermittently throughout the
reach, was available for spawning. High levels of fine
sediment accumulations were not observed in the
channel, reflecting the spring-fed character of the
stream. Spawning and rearing habitat and food pro-
duction should not be compromised as a result of fine
sediment levels noted in Rock Island Creek.

Moses Coulee. Habitat and flow data descriptions for
Moses Coulee are not available since the channel was
dry during the 2001 site visit. The channel appeared
to have been dry for several years. Other than dry
stream channels, there are no other known physical
barriers to upstream fish migration. Historic informa-
tion was relied upon for developing recommenda-
tions.

Moses Coulee was formed by the Columbia River in
relatively recent Pleistocene time (10,000 years ago)
when the river, diverted by a large ice lobe near the

present day Grand Coulee Dam, cut through the thick
basalt formations of the Columbia River Plateau
(Bartu and Andonaegui 2001). The basalt layers vary
in thickness from 6,000 to 10,000 feet and date pri-
marily from the Miocene epoch (30 million years
ago). Erosion and formation of Moses Coulee and
other river meltwater channels in the region (includ-
ing the Grand Coulee) were augmented by enormous
floods from the glacial Lake Missoula.

The resulting valley bottom is flat today. The entire
width between the canyon walls is filled with several
hundred feet of glacial and river deposits. The alluvial
materials along the valley bottom are large and po-
rous. Although the upstream drainage basin is large,
the mainstem Coulee is typically dry for many years
at a time. It is likely that surface water summer
streamflows were historically low, with most of the
stream flowing in subsurface layers. The condition of
the channel surface downstream of the Highway 28
bridge indicates it currently transports only peak
stormwater flows. The recurrence interval of such
peak flows occurs sporadically and may be a time
scale of once every 5 or 10 years. Small base flow
conveyance channels etched between the very wide
storm terraces are limited, suggesting water, if pres-
ent, flows within the porous alluvial materials at all
times except during the largest floods.

Perennial flowing stream reaches in Moses Coulee
have not been apparent for a number of years. Lim-
ited evidence indicates year-round flow occurred at
times during the 1970s and 1980s and that the stream
supported anadromous fish species (WDF 1987).
Washington Department of Fisheries (WDF) and
Washington Department of Game (WDG) survey data
from the 1970s and 1980s documented anadromous
fish use in the lowermost 1.8 river miles in Moses
Coulee. Two size classes of juvenile chinook salmon
(young-of-the-year fry and yearling pre-smolts) and
yearling pre-smolt steelhead trout were observed
(WDF 1987). Although no redds (spawning nests) or
suitable spawning habitat were observed during the
surveys, the Departments assumed anadromous fish
species were migrating into Moses Coulee from the
Columbia River system for seasonal rearing purposes
to take advantage of winter habitat provided by boul-
ders, small pools, woody debris and vegetation
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growing on the banks and in the creek bed. During
winter surveys the fish were collected in deep, low
velocity pools with boulder or woody debris cover.
WDF captured no anadromous fish during the low
flow summer period in Moses Coulee. They assumed
the lack of fish presence was due to low streamflows
and high water temperatures (20 to 22ºC). WDF con-
cluded juvenile salmonid fish rearing is limited to the
fall, winter and early spring periods. They recom-
mended instream flows be established in Moses
Coulee to protect seasonal rearing (WDF 1987).

Habitat conditions appear to have changed considera-
bly since the 1980s because the 2001 survey indicated
an abundance of spawning gravel was present in the
same channel section and an absence of large woody
debris and shoreline vegetation. It is possible that a
flood of considerable magnitude rearranged the chan-
nel conditions near the mouth of Moses Coulee since
the WDF surveys. Floods of 1989, 1991, 1993 and
1995 were of sufficient volume to be channel-forming
events. It is clear that the dynamic nature of storm
events can alter surface water hydrology and habitat
conditions such that fish production is intermittent
and irregular. Changes in channel and hydrogeologi-
cal conditions may have influenced the present ability
of the channel to transport surface water flows.

It is also possible that base stream flows in the Coulee
are related to the volume of groundwater entering
Douglas Creek in the vicinity of Pegg and Mohr Can-
yons. Douglas Creek supports perennial stream flow
in the canyon reach, but looses surface water flow
across its alluvial fan. During the period WDF, WDG
and Ecology observed year-round stream flow in
Moses Coulee, Douglas Creek was flowing at an un-
characteristically sustained high level near 20 cfs.
The flow gauging record in Douglas Creek indicates
such high expression of surface water flow did not
routinely occur in the proceeding or subsequent dec-
ades. From a limited amount of information, it ap-
pears streamflow in Douglas Creek needs to approach
or exceed 20 cfs before surface water flows through
the coulee. Since stream flow in Douglas Creek at the
gauge site is strongly correlated with groundwater
discharge, fluctuations in groundwater volumes, on a
time scale of decades, ultimately influence continuity
of surface water flows downstream. Additional study

is needed to determine the dynamics of the ground-
water source and if groundwater recharge can be en-
hanced.



Table 10-1.  Riparian vegetation types identified along study streams
                       in WRIA 44 and 50.

Stream Length in various Riparian Classes (miles)

Foster Pine Blue Sand Rock Douglas
Riparian vegetation type Creek Canyon Grade Canyon Island Creek

Non-forested 12.7 2.4 1.9 2.8 6.0 30.5

Deciduous-small/shrub-sparse 4.3 0.1 0.4 1.5 1.8 2.2

Deciduous-small/shrub-dense 0.2 0.7 1.5
Deciduous-medium-sparse 3.0 1.9 2.9 0.5
Deciduous-medium-dense 1.6 0.4
Deciduous-large-sparse 0.5
Deciduous-large-dense 2.2 0.4
Mixed –medium-dense 1.7
Unknown 2.1



Table 10-2. Potential Access for Anadromous Fish Species.

    Connected Access for Accessible Historical Anadromous Observed
        to the Anadromous Reach Presence Fish Use Fish 

Stream Columbia River Fish Location (RM) (1980 - 2000) Confirmed (2001) Locations 

WRIA 50
Coyote Creek Yes   No 0.00 – 1.00 No -
Foster Creek Yes   Yes 0.00 – 1.03 Yes Yes <  RM 0.98
  WF Foster Creek No No No -
  EF Foster Creek No No No -
WRIA 44
Pine Canyon Creek No2 No2 0.00 – 1.62 No -
Blue Grade Draw No1 No1 0.00 – 0.27 No No
Sand Canyon Creek No1 No1 0.00 – 0.35 Yes < RM 0.05 No
Rock Island Creek Yes   Yes   0.00 – 0.55 Yes Yes  <  RM 0.04 
Moses Coulee No2 No2 0.00 - 16.7 Yes < RM 1.80 -
  Douglas Creek No2 No2 0.00 – 1.00 No -
  Rattlesnake Creek No No No -
  McCartney Creek No No No -

1)  Available access only during the irrigation season when irrigation return flows are discharged 
      in these channels (typically March – October, annually).
2) Available access only during extreme storm events (irregular events, at recurrence intervals that 
    typically exceed 1 year).
-) No access in 2001.



Table 10-3.  Results of baseline habitat mapping completed for streams 
                      surveyed as part of WRIA 44/50 Watershed Planning, 
                      Douglas County, Washington, May 2001.

     Habitat Composition (Percent of Total)

Pool/ Distance 
Stream Reach Cascade Step Pool Riffle Run/Glide Falls Total

Foster Creek 5457’
(RM 0.0 – RM 1.03) 18% 15% 42% 20% 5% 100%

Pine Canyon Creek 2051’
(RM 1.23 –  RM 1.62) <1% 9% 88% 3% 0% 100%

Blue Grade Canyon 1432’
(RM 0.0 – RM 0.23) 37% 12% 30% 21% 0% 100%

Sand Canyon 1939’
(RM 0.0 – RM 0.35) 15% 7% 74% 4% 0% 100%

Rock Island Creek 2901’
(RM 0.0 – RM 0.52) 0% 23% 76% 1% 0% 100%

Moses Coulee No habitat data collected – stream channel was dry during site visit
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1 1 . 0  HA BI TAT  C ONCE RN S

During the summer of 2001 and 2002, the physical,
hydrological, and chemical habitat conditions were
assessed in seven streams in WRIAs 44 and 50. The
objective was to assess the historic and current po-
tential of each stream to support aquatic species of
concern on an initial or screening-level basis. As a
consequence, this effort is cursory in nature and,
given the overall paucity of historical information,
this assessment should be regarded as preliminary.
More detailed work is recommended under Level 2
studies to verify or confirm the preliminary findings
reported herein.

The initial Level 1 findings are summarized as Sec-
tion 9.0 Water Quality and Section 10.0 Habitat. The
detailed results are appended. This section, Habitat
Concerns, addresses specific stream reaches with
habitat conditions that may have a potential to ad-
versely influence the production of salmonid fishes.

1 1 . 1  W A T E R B O D I E S  W I T H  W A T E R  Q U A L I T Y
C O N C E R N S

Based on a review of available data records and site-
specific field collection during the summers of 2001
and 2002, it is apparent that surface water conditions
in local streams support fairly good water quality
conditions. However, some adverse conditions occur
in various streams as itemized below:

11.1.1 WATER CHEMISTRY
Temperature. Water temperatures vary considerably
in the study area streams due to weather patterns,
stream discharge, channel shape, shading, and the
influence of groundwater or hyporehic flows. Rock
Island, Pine Canyon and Rattlesnake Creeks support
summer water temperatures that are relatively cool as
a result of springs, groundwater flux and/or hyporehic
streamflows. Streams in the Foster Creek basin are
also supported by springs, but the open channel,
shallow cross section and lack of a substantial ripar-
ian zone contribute to warming of the surface waters.
The continuous temperature gauges located in main-
stem of Foster Creek at the dam site during 2001 and
2002 recorded relatively warm surface water tem-
peratures, peaking around 22�C. Spot measurements
in the West and East forks show that water tempera-

tures peaked in early June, 2002 at 18.6�C and
22.5�C, respectively. Temperatures above 18�C, due
to human activities, exceed the state water quality
criterion. When natural conditions exceed 18�C, no
temperature increases are allowed that raise the water
temperature by more than 0.3�C. Water temperatures
above 19�C are generally thought to influence growth
and development of salmonid fishes. Temperatures
above 23�C can be lethal, depending upon the fish
species and the acclimation period (USEPA 1986;
Bell 1991). The recorded temperatures in the Foster
Creek basin did not exceed lethal levels and, given
the brief duration above 19�C during the monitoring
period, they did not likely pose a severe detriment to
rearing salmonid fishes.

Douglas Creek above the canyon at RM 1.5 supports
naturally warm stream temperatures (<22.5�C), but
due to the brief duration, they were not necessarily
detrimental to cold-water fish production. However,
peak summer stream temperatures in Douglas Creek
have a history of exceeding 18�C as a result of large
volumes of warm groundwater influx from Pegg
Canyon and possibly Mohr Canyon. In such situa-
tions the state water quality standards restrict human
caused temperature increases to less than 0.3�C.

Conversely, Blue Grade Draw and perhaps Sand
Canyon Creek were too warm for summer rearing
fish production. Peak temperatures were recorded
near 27�C in Blue Grade Draw and 24�C in Sand
Canyon. The peak daily temperatures exceeded lethal
and sub-lethal conditions for salmonid fishes for ex-
tended periods of time in Blue Grade Draw and Sand
Canyon Creek, respectively, throughout the months
of July and August.

Dissolved Oxygen. Dissolved oxygen (DO) levels in
portions of the fish-bearing streams were generally
very good. These results indicate that appropriate lev-
els of re-aeration are occurring in the flowing
streams. The only areas of concern were in McCart-
ney and Foster Creeks. In McCartney Creek there is
evidence of a lack of re-aeration due to stagnant wa-
ter. DO concentrations ranged between 5.8 and 9.0
mg/L (63 to 82% saturation) with 83 percent of the
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recordings reported below the state criterion of 8.0
mg/L.

Abundant plant growth and large fluctuations in DO
concentrations were observed in Foster Creek during
the late summer months of 2001. Measured DO con-
centrations ranged from 6.6 to 11.8 mg/L (represent-
ing 67 % to 130 % saturation). A combination of both
over- and under-saturated DO levels may indicate
oxygen dynamics related to plant respiration and
photosynthesis. During periods of high light, an
abundance of plants can produce concentrations of
oxygen that over-saturate the normal holding capacity
for DO in water. However, during evening hours or
periods of low light without photosynthesis, decom-
position of organic matter and plant respiration create
an oxygen deficit. As such, diurnal swings in DO
concentrations can be dramatic in situations of over-
stimulated plant growth. Dissolved inorganic nutrient
levels do not necessarily suggest a high level of en-
richment, but the data may be misleading because the
information represent levels of nutrients in the water
column after plant uptake. The lack of a riparian zone
and the open and relatively shallow channels expose
much of the mainstem reach to sunlight. DO levels
should be monitored more closely in Foster Creek
and the cause of low DO levels determined.

One late-summer DO measurement in Rock Island,
West Fork Foster and Douglas Creek fell slightly be-
low the minimum state water quality criterion of 8.00
mg/L. However, the magnitude and duration of these
exceedences do not pose a direct threat to salmonid
fish production. There is not a history of dissolved
oxygen excursions in any of these three creeks.

Hydrogen Ion Activity (pH). All acidity and alka-
linity levels monitored during the 2001 and 2002
monitoring period were within the Class A water
quality criterion between 6.5 and 8.5 units +/- 0.5 pH
units. The waters were generally alkaline in nature,
typical of arid and semi-arid conditions. Douglas
Creek and streams in the Foster Creek Basin were the
most alkaline, while Rattlesnake, McCartney, Rock
Island and Pine Canyon Creeks were neutral to
slightly alkaline. Blue Grade Draw and Sand Canyon
Creek water reflected irrigation withdrawals from the
Wenatchee River system. They were neutral in pH

and supported relatively soft waters compared to
other local streams.

Conductivity. Conductivity is a relative measure of
mineralization in streams. Interior streams of the Co-
lumbia River Basin under arid and semi-arid condi-
tions often consist of relatively ‘hard’ waters as a re-
sult of evaporation and soil erosion. Groundwater
inputs also generally increase stream mineralization.
Data collected during the 2001 and 2002 monitoring
period indicate hard waters persist in local streams,
with Rock Island Creek exceeding 200; Douglas
Creek exceeding 300; Rattlesnake and McCartney
Creeks exceeding 500; Pine Canyon exceeding 600,
and streams in the Foster Creek basin falling between
700 and 900 µmhos/cm. The high measurements from
Foster Creek waters likely express a combination of
groundwater input, high levels of soil erosion, and
high evaporation (open canopy). Conductivity levels
of the irrigation return flows in Blue Grade Draw
(30-50 µmhos/cm) and Sand Canyon Creek (60-150
µmhos/cm) are uncharacteristically low in minerali-
zation compared to local streams, reflecting the soft
water source of the Wenatchee River. Coyote Creek,
draining lands north of the Columbia River, is simi-
larly low in mineralization, with levels typically fal-
ling between 100 and 200 µmhos/cm.

Organic Compounds. Historic water quality data
from USGS gauging stations are available on a few
streams in WRIAs 44 and 50. The station on Douglas
Creek includes detailed information of the analytical
results of scans for organic compounds. Most organic
compounds were reported below detectable or at very
low levels, but there was a historical signal of ele-
vated levels of hexa-chlorobenzine and P, P’ DDE at
the station on Douglas Creek (USGS 1992). Since
sampling occurred in the early 1990s, these results
may not represent current conditions. The reported
organic levels may reflect a legacy of agricultural
pesticide and/or herbicide use in the basin.

Nutrients. Measurements of nitrogen- and phospho-
rous-related compounds representing nutrient sources
are generally lacking from flowing streams in the
watersheds. Dissolved components of these nutrients
are available for plant uptake and, if excessive, can
stimulate luxurious growths of attached periphyton
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and algae. Limited spot measurements are available
in Foster and Douglas Creeks. Nutrient concentra-
tions were not measured during this study effort.

Data from samples in Douglas Creek in 1988/1989
and 1993 indicate that the low flow tributaries and
headwaters of Douglas Creek, where crop production
was prevalent, showed high nutrient levels in the late
1980s. The highest nitrate concentrations were in ex-
cess of 3.50 mg/L and peak phosphate levels ex-
ceeded 0.300 mg/L, frequently. Nitrate and phosphate
levels were found to be in an inverse relationship with
stream flow and a direct relationship with sediment
levels. According to Isaacson (1989) the uppermost
watershed contained high nutrients due to the high
percentage of fertilized land and low stream flows
that did not dilute the nutrients until lower in the wa-
tershed. Although diluted somewhat compared to the
upper watershed, the range of dissolved inorganic
nitrate + nitrite-N levels at the lowermost site (#12;
RM 1.5) in the late 1980s was 1.50 to 2.60 mg/L.
These levels are well above the regional average of
0.930 (USEPA 2000). Dissolved ortho-phosphate
levels at this station ranged from 0.085 to 0.250 mg/L
in the 1988/1989 study, which represent normal to
high phosphate enrichment.

Dissolved ortho-phosphate levels of 0.090 mg/L and
dissolved nitrate + nitrite-N levels of 1.10 mg/L
measured in 1993 (USGS 1993) are near the average
values reported by the USEPA for the region
(USEPA 2000). The N:P ratio for these two compo-
nents is 11:1. The mass ratio implies a slight enrich-
ment source for nitrogen in the Douglas Creek basin,
implying algal growths would be limited by phospho-
rus.

The Foster Creek Conservation District collected nu-
trient data from one location in the mainstem of Fos-
ter Creek in July 2001 and from one location in the
East Fork, the West Fork and in the mainstem of
Foster Creek in 2002. Total phosphorus and nitrate +
nitrite-N concentrations in the Foster Creek basin
generally were low to moderate, less than  0.130 and
0.540 mg/L, respectively (Table 9-6). These values
are in the range of or less than the mean summer
value for the region (USEPA 2000). One high phos-
phorus value of 0.380, nearly 4 times the regional

average was recorded in the mainstem of Foster
Creek during August of 2002. For the most part, these
values do not indicate a level of concern with nutrient
enrichment, the samples are collected in flowing wa-
ter and represent ambient concentrations following
upstream plant uptake. An abundance of periphyton
and algal masses have been observed in the flowing
stream channel of Foster Creek, suggesting growing
conditions are sufficient for good development of
aquatic plants.

Total Kjeldahl Nitrogen (TKN) is a measure of or-
ganic levels of nitrogen. The measured levels were
typically low in the Foster Creek basin, with the ex-
ception of some very high organic nutrient loading
during late spring and early summer in all three of the
monitored stream reaches in the Forster Creek basin
during 2002. Both the West and East Forks supported
the highest organic nitrogen levels; 1.5 to 1.6 mg/L
respectively. Although the levels remained relatively
high, some dilution was apparent in the mainstem of
Foster Creek as organic nitrogen concentrations were
cut in half; 0.8 mg/L.

The level of available information is too sparse to
quantitatively assess nutrient conditions in local
streams. The only areas of concern were noted in the
headwater region of Douglas Creek, the observed
plant growths in Foster Creek, the associated dis-
solved oxygen fluctuations and the high seasonal
level of inorganic nitrogen throughout the Foster
Creek basin.

11.1.2 AQUATIC ECOLOGY
A detailed summary of the late spring 2001 and 2002
macroinvertebrate surveys is incorporated in Appen-
dix B and summarized in Section 9.3.2 above. Indices
indicating water quality concerns for various streams
are itemized below.

Foster Creek. Macroinvertebrate community indices
in Foster Creek indicate a relatively high abundance
of organisms but a low diversity of species, suggest-
ing chronic habitat disturbances. Short-lived taxa and
burrowers prevalent in the samples indicate the dis-
turbance is routine. The data were unclear if the dis-
turbance was primarily related to temperature in-
creases, sediment accumulation, low streamflows,
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channel characteristics, or other water quality health
issues. It is possible the signal from invertebrate
community data in Foster Creek mainstem is a com-
bination of many of the factors mentioned above,
showing the integrated nature of the biological re-
sponse.

West Fork Foster Creek. While the West Fork of
Foster Creek supported a relatively high macroinver-
tebrate density it possessed only a moderate diversity
of species. This finding suggests some level of stream
disturbance is occurring in this stream. Such distur-
bances may be related to warm water temperatures,
fine sediment accumulations, low streamflows, or
other water quality problems.

East Fork Foster Creek. The East Fork of Foster
Creek had the lowest macroinvertebrate density, the
second lowest number of total taxa and EPT taxa
(Ephemeroptera, Plecoptera, and Trichoptera: taxa
tied with Sand Canyon and Rattlesnake Creeks) of the
eleven streams surveyed. Only one long-lived taxa
was found in East Foster Creek. These results indicate
water quality and habitat conditions are degraded in
East Foster Creek. Warm stream temperatures may be
depressing stonefly taxa richness. The dominant
functional feeding group in East Foster Creek totaling
35 percent was comprised of filter feeders. This value
is an indicator of slow-moving water. It may also
suggest high nutrient levels and an abundance of
floating algae.

Pine Canyon Creek. The community data indicate
relatively low to moderate abundance of organisms.
Nevertheless, Pine Canyon Creek supported high
numbers of taxa and a high level of fish food items
(EPT taxa). There was very little evidence of sedi-
ment accumulation influencing the benthic inverte-
brates, perhaps due to a combination of groundwater
inputs and channel gradients, which are slightly
steeper than in other local streams. As a result, any
fine sediment present is not settling on the streambed.
The high level of clinging organisms implies open
spaces and surfaces free of fine sediments. The over-
all B- IBI rating of 31 for benthic invertebrates indi-
cates relatively good water quality and habitat condi-
tions exist for macroinvertebrate community devel-
opment compared to the other streams surveyed.

Blue Grade Draw. The temporary seasonal irrigation
return flows in Blue Grade Draw do not support di-
verse and robust macroinvertebrate communities.
This system is not highly conducive to aquatic bio-
logical production.

Sand Canyon Creek. This stream supports low den-
sities, low taxa richness, and low EPT as preferred
fish prey items. Short-lived life cycle taxa dominate,
and the prevalence of burrowers appears to be an ad-
aptation to flow cessation and sediment deposition.
The primary habitat concern in this creek is stability
of streamflows, as the temporary seasonal irrigation
returns do not support diverse, long-lived and robust
macroinvertebrate communities.

Rock Island Creek. The macroinvertebrate survey
data indicate good overall water quality and habitat
conditions, consistent with a spring-fed drainage sys-
tem. The data provide supporting evidence for stable
streamflows, low sediment accumulations, relatively
cool water temperatures, and good overall water
quality.

Douglas Creek. The macroinvertebrate data suggest
Douglas Creek supports one of the highest taxa rich-
ness and EPT taxa richness values of the sites sam-
pled. The B-IBI (Benthic Index of Biotic Integrity)
metric score of 31 was the highest (tied with Pine
Canyon and McCartney Creeks) of the eleven study
stream reaches. A general lack of stoneflies, however,
may be related to chronic disturbances or seasonally
warm water temperatures at this location. The data
imply that Douglas Creek exhibits good water qual-
ity, good aquatic productivity, and stable streamflow
conditions. These conclusions are relative in nature
and are based on the sample size of eleven local area
streams. In a regional comparison, Ecology sampled
Douglas Creek at Alstown in 1993 and reported a B-
IBI score of 23 based on a low level of taxa and EPT
richness values and numeric dominance by a few spe-
cies. They concluded its habitat condition was
slightly impaired when compared to a reference site
in lower Crab Creek, Washington (Ecology 1995).
The 1993 site in Douglas Creek was well upstream of
the surveyed reach in 2001. Since it supported a
stream flow of only 0.2 cfs in bedrock habitat the re-
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sulting biological community data are not comparable
to the information gathered during the 2001 survey,
except to indicate habitat conditions are generally
better downstream for macroinvertebrate production.

Rattlesnake Creek. Rattlesnake Creek, upstream of
the confluence with McCarteney Creek, had a moder-
ate number of taxa, but the second lowest EPT rich-
ness of the eleven streams. This creek supported only
1 intolerant (water quality sensitive) species and only
2 long-lived species, suggesting a moderate level of
habitat disturbance. Overall, Rattlesnake Creek was
highly vegetated and contained minimal flow during
2002. It is possible these conditions were not condu-
cive to the considerable macroinvertebrate produc-
tion. The B-IBI metric score of 19 indicates an obvi-
ous level of impairment and an M-HBI score of 5.6
suggests fairly significant organic loading in the
stream. This stream does not seem to provide a di-
verse and robust macroinvertebrate community.

McCartney Creek.  McCartney Creek contained the
highest macroinvertebrate density and taxa richness,
the highest B-IBI score of 31 (tied with Douglas and
Pine Canyon) and the second highest EPT abundance
of the eleven sampled stream reaches. McCartney
Creek contained three intolerant taxa, and five long-
lived taxa. These results indicate that habitat is rela-
tively healthy and undisturbed in this stream system.

Coyote Creek.  Although Coyote Creek had rela-
tively low macroinvertebrate densities, it possessed
the second highest total taxa richness and the highest
EPT richness values of the study streams. In addition,
the number of long-lived taxa richness was the high-
est. The high relative abundance of clinger taxa indi-
cates little influence of fine sediment deposition in
Coyote Creek. These macroinvertebrate data suggest
habitat and water quality conditions are good relative
to the other sampled streams.

11.1.3 PHYSICAL CONDITIONS:  SEDIMENT
Indices indicating sediment concerns for various
streams are itemized below.

Channel Bank Stability. Results from the Stream
Reach Inventory/Channel Stability Evaluation
(SRI/CSE) performed in the WRIAs 44 and 50 study

streams indicate the survey reaches support generally
fair to good stability ratings. There were few visual
indicators of channel instability at the eight survey
reaches. Excessive bank erosion or failures were pre-
sent on most of the streams where riparian vegetation
was lacking, but such features did not dominate any
specific reach. Channel migration was present in al-
luvial fan areas where tributary streams enter the
Columbia River floodplain. Although all survey
reaches received either a good or fair stability rating,
on a comparative basis Blue Grade Draw supported
the most unstable channel condition rating of the
eight surveyed reaches.

Wolman Pebble Count. Pebble counts are often used
to classify substrate composition in gravel-bedded
streams. The median diameter (D50) and the diameter
of the 84th percentile (D84) of 100 stones counted
along a random transect in riffle habitat are values
used by many scientists to characterize bedload trans-
port in gravel-bedded streams. One pebble count
sample was collected within each of the surveyed
stream reaches, with the exception of Blue Grade
Draw and Moses Coulee.

The relatively high frequency of fines [< 6 mm (0.24
in.)] and the low median particle size distribution in
Sand Canyon and Coyote Creeks, when compared to
the other creeks, suggest the geology of these basins
is a concern related to the generation of fine sediment
loads in the creek. Sand Canyon Creek is aptly
named. It traverses a historic complex slump failure
that contains abundant fines, silts, and aeolian sands.
The lowermost reach of Coyote Creek also traverses a
historic slump that likely failed at the bedrock out-
crop. Additionally, much of this area may be in a
historic floodplain of the Columbia River. The low
gradient portion of the creek is presently reworking
these sediment loads as reflected in the pebble count
data. Channels dominated by fine sediments tend to
have lower productivity of salmonid fishes and
aquatic macroinvertebrates than stream reaches with
somewhat larger sediment sizes.

Although the frequency of fines and the D50 in Foster
Creek are generally consistent with the other samples,
the D84 (44.9mm; 1.8 in.) and D95 (64.0mm; 2.5 in.)
represent the lowest particle size class distributions in
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the survey. The Sand Canyon Creek riffle substrate
size distribution looks similar to that of Foster Creek.
These results are consistent with the parent geology
in each basin that provide considerable fine sediment
inputs to the creeks.

Foster, lower Coyote and Sand Canyon Creeks appar-
ently do not have the transport capacity to clear the
small material from the streambed. The sediment
deposition in these creeks is apparently overwhelm-
ing the capacity of the streams to transport the fines
downstream.

Conversely, Pine Canyon, upper Coyote and Rock
Island Creeks consist of relatively larger size classes
in the riffles than the other sampled streams and an
interesting mix of small (D35) and large (D95) particle
sizes. These results are, likewise, consistent with the
parent geology in each basin and indicative of stream
channels with somewhat limited transport capacity.

1 1 . 2  W A T E R B O D I E S  W I T H  H A B I T A T  C O N -
C E R N S

11.2.1 ANADROMOUS FISH ACCESS
In general, the topography and landforms near
streams entering the Columbia River naturally limit
the potential available fish habitat for spawning and
rearing in the WRIAs. The high plateau of the Co-
lumbia Basin breaks off sharply near the canyon
walls of the Columbia River, creating (1) very steep,
cascading stream reaches through intergorge canyons,
and (2) extensive alluvial floodplains at the mouths of
these streams as the channel gradient flattens near the
Columbia River. Low summer streamflows often
travel through the alluvial fans below the surface,
restricting fish access and rearing capabilities. Steep
stream gradients also are not conducive to anadro-
mous fish production.

Blockages to the upstream and downstream migration
of anadromous fish species were found in all of the
streams surveyed to date. Man-made structures, in-
cluding a dam in Foster Creek (RM 1.03) and irriga-
tion control structures and road culverts in Blue
Grade Draw (RM 0.27) and Sand Canyon Creek (RM
0.35), limit the potential for further upstream migra-
tion. Migratory blockages in the form of dry stream

channels were noted in all other streams surveyed, as
evidenced in Pine Canyon Creek downstream of the
SR 2 Highway Bridge (RM 0.0 to 1.23); in Blue
Grade Draw and Sand Canyon Creek during the peri-
ods when the irrigation water is terminated; in Rock
Island Creek upstream of the springs near RM 0.52;
and in Moses Coulee downstream of the confluence
with Douglas Creek (RM 0.0 to 16.7). It is possible
many of the flow blockages are natural conditions
that have historically existed in the WRIAs. Further
Level 2 study effort with respect to historical flow
regimes, especially in Moses Coulee, will be neces-
sary to complete the assessment.

The presence of anadromous salmonid fish use in two
streams, Foster and Rock Island Creeks, was con-
firmed during 2001. Two other streams, Sand Canyon
and Moses Coulee, had limited observations of ana-
dromous salmonid use, 15 to 20 years ago. The re-
maining two streams, Pine Canyon Creek and Blue
Grade Draw, have the potential for anadromous fish
access and at least temporary use. An assessment of
the waterbodies in relation to the potential access for
anadromous fish is presented in Table 10-2.

Foster Creek. Foster Creek is accessible year-round
to anadromous salmon and steelhead trout migrating
through the Columbia River up to Chief Joseph Hy-
droelectric Facility. Summer-run steelhead trout were
observed spawning in the creek between RM 0.28 and
0.98 during late May 2001, and young-of-the-year
juvenile trout reared in the anadromous fish section
throughout the summer, low flow season. These fish
have access upstream to a steep cascading stream
section complete with numerous bedrock falls just
short of an approximately 35 ft. high dam built in a
tight bedrock constriction near RM 1.03.

Streamflows, measured at the dam site during the
summer of 2001, were continuous but low, ranging
between approximately 1 and 4 cfs. Base flows occur-
ring during the month of August were in the vicinity
of 1 cfs. A series of springs along the middle and
west forks and the west side of the mainstem of Fos-
ter Creek support continuous flow.

The man-made barrier to anadromous fish passage on
Foster Creek is apparently at the location of a historic



W R I A  4 4 / 5 0  B A S I N  A S S E S S M E N T

A P R I L  2 0 0 3  |  P A C I F I C  G R O U N D W A T E R  G R O U P  |  P A G E  5 0

natural block. As such, any consideration of facilities
to accommodate upstream fish passage would be con-
sidered enhancement rather than habitat restoration.
Given the open riparian canopy and heavy silt load in
Foster Creek, we do not recommend assessing up-
stream fish passage conditions at this time.

Pine Canyon Creek. Pine Canyon Creek is not ac-
cessible to anadromous fish species because of sub-
terranean streamflows across the alluvial fan. There is
a lack of surface water downstream of the SR 2
Bridge to its confluence with the Columbia River
(RM 0.00 to RM 1.23) except during extreme storm
events. The condition of the channel indicates it
transports peak stormwater flows only, and that the
recurrence interval is greater than on an annual basis.
The quality of the water and habitat is considered
relatively good for aquatic production upstream of
RM 1.23, but providing sufficient water volumes to
allow anadromous fish passage across the alluvial fan
appears problematic. We found no historical evidence
to support the prior use of Pine Canyon Creek by
anadromous fish species.

Blue Grade Draw. Blue Grade Draw is a drainage
system immediately south of the SR 2 crossing of the
Columbia River on the Douglas County side in East
Wenatchee. It is supported entirely by irrigation re-
turn flows of water withdrawn from the Wenatchee
River. Surface waters flow annually from March
through October. It is dry the balance of the year.
Luxurious riparian vegetation lies along the stream
channel since surface waters flow continuously dur-
ing the growing season. The channel is accessible to
anadromous fish species during this period, but actual
use has not been documented. Adult fish passage
across the fan may be difficult at certain streamflows.

Streamflows from the upstream drainage basin are
directed to the north of the SR 2, such that when the
irrigation water is terminated the channel remains
completely dry. Thus, water flow begins at the irriga-
tion structure at RM 0.27 during the irrigation season,
flows underneath SR 2, and daylights on the south
side at RM 0.23. The downstream channel is poorly
defined. Water runs over roots and masses of grass
through thickets of riparian willows as it winds its
way past the Loop Trail and onto a short, spongy al-

luvial fan with a multiple network of rivulets and into
the Columbia River. Enhancing access for the pro-
duction of anadromous fish species does not appear
worthwhile, given the generally poor habitat condi-
tions (high stream temperatures, low aquatic produc-
tivity, and poorly defined channel) for supporting fish
production.

Sand Canyon Creek. Sand Canyon Creek is also
supported by irrigation return flows during the sum-
mer months. Water from the irrigation ditch is si-
phoned off at RM 0.54 and allowed to run in the
stream channel to SR 28 (RM 0.35), where it is rec-
ollected. A portion of the flow is distributed to local
orchards adjacent to the stream by an irrigation mani-
fold while the balance of the water continues down-
stream in the channel to the Columbia River. Without
the irrigation water, this channel would be typically
dry during the early spring. It remains dry until peri-
ods of intense rainfall fill the channel. Anadromous
fish generally have access upstream to the SR 28 road
crossing and irrigation manifold at RM 0.35. How-
ever, no fish were observed during our 2001 field
surveys. Flows ranged between approximately 0.5
and 3.0 cfs, with the lowest flows recorded during the
month of August.

Rock Island Creek. Summer streamflows in Rock
Island Creek during the drought year of 2001 ranged
roughly between 0.2 and 2.8 cfs at a gauging station
located near the pumphouse at RM 0.17. These
streamflows are supported by a man-made spring near
RM 0.52. The spring offers a baseflow of around 0.5
cfs during July and August, but its contribution de-
clines to around 0.1 to 0.2 cfs in September and Oc-
tober.

The channel upstream of the spring is essentially dry
beginning in early spring each year. As such, ana-
dromous fish species potentially have year-round ac-
cess from the confluence upstream to the spring (RM
0.00 to 0.52). During habitat surveys in late-May
2001, young-of-the-year chinook or coho salmonid
fry were observed rearing in the creek near its conflu-
ence with the Columbia River at RM 0.04. Spawning
habitat is available in the creek in small amounts
along the alluvial fan downstream of the SR 28
Bridge (RM 0.08) and sporadically throughout the
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creek up to approximately RM 0.44. Whether the ob-
served juvenile fish were the offspring of adults
spawning in Rock Island Creek or were from other
areas upstream in the Columbia River Basin during
the fall of 2000 could not be determined.

Moses Coulee. Moses Coulee is composed of glacial
outwash from the Missoula Floods. Porous alluvial
materials fill the entire width along the valley bottom
between the canyon walls. Although the upstream
drainage basin is large, no water flows in the main-
stem Coulee a majority of the year. Many years can
occur between storms that have sufficient water vol-
umes for surface water streamflow. It is likely, the
surface water summer streamflows were historically
low and that most of the stream flowed at subsurface
levels. The condition of the channel surface down-
stream of the highway bridge indicates it currently
transports peak stormwater flows only, and that the
recurrence interval for surface water flows is greater
than on an annual basis. Small, base flow conveyance
channels etched between the very wide storm terraces
are limited, suggesting surface waters flow within the
porous alluvial materials at all times except during
the largest floods.

As a result, anadromous fish did not have access to
Moses Coulee in 2001 and have not had access for a
number of years. The channel observations indicate it
may have been more than three years ago when there
was sufficient water to provide any surface water
stream flow in the coulee. Other than dry stream
channels, there are no known physical barriers to up-
stream fish migration. WDF and WDG documented
anadromous fish use at time in Moses Coulee during
the 1970s and 1980s in the lowermost 1.8 RM of the
Coulee. Further assessment is needed to determine
the relationship between upstream water sources and
their expression as potential surface water stream
flows in Moses Coulee.

11.2.2 PHYSICAL CHANNEL ASSESSMENT
Channels were typed in the anadromous fish reaches
according to gradient, channel, and valley confine-
ments to describe the channel transport process; and
other physical characteristics available for anadro-
mous fish habitat formation. Channel bank stability

assessment was performed using the USFS SRI/CSE
method.

Foster Creek. Although an abundance of spawning
gravel exists and the majority of active steelhead
spawning was observed in this reach, high levels of
fines were noted in the streambed. The embeddedness
of dominant substrate particles with fine sediments
was rated at or higher than 50 percent in most obser-
vations. The pebble count data imply the stream is
currently being overwhelmed with sand-sized sedi-
ment and the current stream power is not sufficient to
transport the sediment volume. Since steelhead trout
are spring spawners, the embryos incubate in the
gravel on the descending limb of the hydrograph.
This life history strategy reduces the likelihood of
adverse siltation effects on embryo development.
Nevertheless, current levels of siltation could reduce
the flow of oxygen, making reproduction success less
likely than in a stream with lower levels of fine sedi-
ments. Filling of interstitial spaces with fines will also
reduce the amount and diversity of invertebrate prey
species available for rearing fry, and will reduce the
level of refuge space for cover from predators and
high flow events. As a consequence, rearing life-
history stages will likely be produced at relatively
reduced rates compared to streams with lower sedi-
ment levels.

Pine Canyon Creek. Although coarse sediment is
prevalent in the Pine Canyon Valley, high levels of
fine sediment accumulations were not observed in the
channel. This observation, in addition to the channel
stability and pebble count survey data, suggests the
stream is capable of transporting the fine materials.
Spawning, rearing, and food production should not be
compromised as a result of the fine sediment levels
noted in Pine Canyon Creek.

Blue Grade Draw. This water conveyance system
does not appear to have a large sediment load. Head-
water sources of sediment have been cut off because
streamflows from the upper basin have been redi-
rected to watercourses to the north, and the irrigation
flow is fairly free of fines. However, the channel is
poorly defined and its SRI/CSE rating is the poorest
of those sampled in 2001.
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Sand Canyon Creek. High levels of fines and a very
small D50 in the grain size analysis indicates this
stream is generally not capable of transporting the
fine sediment load. The parent geology is contribut-
ing substantial fines, silts, and sands to this system.
The sediment load is likely having an adverse influ-
ence on the fish production potential in Sand Canyon
Creek compared to streams with less sediment load-
ing.

Rock Island Creek. High levels of fine sediment
accumulations were not observed in the channel,
likely because of the spring-fed character of the
stream. Spawning and rearing habitat and food pro-
duction should not be compromised as a result of fine
sediment levels noted in Rock Island Creek. The pre-
sent frequency of pools in Rock Island Creek is con-
sistent with pool-riffle channels under low large
woody debris (LWD) levels that occur in the creek
(Montgomery and Buffington, 1993).
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1 2 . 0  RECOMM EN DAT IONS
This assessment was completed using both existing
data and data collected as part of this project. How-
ever, data gaps remain in many areas of the assess-
ment. Although the level of understanding is likely to
never reach a perfect state, the recognition of the
magnitude and context of these gaps is critical to a
decision-making framework. The data gaps vary in
their level of importance to the study. The data gaps
considered most important are addressed with rec-
ommended studies. This chapter includes: (1) rec-
ommendations for ongoing study effort under Level 2
of the watershed assessment, (2) stream prioritization,
(3) monitoring recommendations, and (4) conserva-
tion recommendations.

1 2 . 1  D A T A  G A P S  A N D  R E C O M M E N D E D  F U -
T U R E  S T U D I E S

Based on water quality, water quantity, and habitat
data presented in this report, the following data gaps
with corresponding recommendations for ongoing
study effort under Level 2 of the watershed assess-
ment have been identified:

� The Level 1 assessment identified the Moses
Coulee sub-basin as using the highest percentage
of available water. However, this analysis in-
cluded only a rough estimate of groundwater in-
flow from other basins because no existing in-
formation is available on this source of water.
Given that 70 percent of the total discharge from
the WRIAs is groundwater, the groundwater in-
flow to the Moses Coulee sub-basin is likely sig-
nificant and the high use numbers inaccurate. We
therefore recommend a hydrogeologic analysis
leading to further refinement of the water balance
in the Moses Coulee sub-basin. These data could
also be used to develop a groundwater flow
model to estimate impacts of new water rights
appropriations on existing wells and surface wa-
ter in this basin.

� Not all water rights allocation data are available
from the WRATs database. Only 50 percent of
the claims information is populated. Hand enter-
ing claims information would increase the accu-
racy of water rights estimates.

� Water usage is a small percentage of water rights
within the two WRIAs, suggesting that many of
the water rights are unused or underused. These
rights should be evaluated to allow for continued
growth.

� The irrigated agriculture data used for this project
was collected in 1997 and does not include the
Colville Reservation or many smaller parcels
within the WRIAs. Irrigation accounts for 90 per-
cent of water use within the WRIAs so accuracy
of this value has a direct effect on the water bal-
ance.

� All water use has been assumed 100 percent con-
sumptive following the Department of Ecology
protocol, even though a large percent of septic
tank effluent likely returns to the groundwater
system. Including septic returns would not likely
alter the water budget significantly though. If
septic tanks in the basin are generally for domes-
tic use (maximum of 5000 gpd), septic returns
would only account for about 3 percent of the
water budget.

� Stream discharge records remain minimal and
ongoing flow monitoring should continue to
establish inter- and intra-annual variability of
streamflows.

� The recharge/discharge analysis was completed
on a conceptual basis using GIS methods. These
analyses should be field checked to increase
accuracy.

� Irrigation was estimated using GIS coverage dig-
itized from an aerial photograph by Douglas
County. However, there is no information on
whether the source of irrigation is surface water
or groundwater. Estimation of irrigation source
would allow the refinement of the water balance
to separate available groundwater and available
surface water, rather than combining the two pa-
rameters as has been done in this assessment.

� There is an insufficient record of local stream
discharge volumes to establish instream flow
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setting objectives. We recommend simulating
long-term hydrographic records based on regional
data (see Appendix F, Instream Flow Study
Recommendations). Hydrologic studies to simu-
late a monthly long-term hydrograph should be
initiated. The hydrologic data developed from
this process should be used to develop daily,
monthly, and annual flow records and to predict
flow levels during wet, average, and dry years.

� The macroinvertebrate work performed during
2001/2002 provides a useful screening-level as-
sessment of recent water quality and habitat con-
ditions in the creeks. Unless stream conditions
change, substantial modifications to the overall
conclusions are not expected with the addition of
further macroinvertebrate sampling. This type of
study effort is labor intensive and expensive. The
immediate value of ongoing macroinvertebrate
data collection program is unclear. If other
streams are of interest to the Planning Unit,
macroinvertebrate screening-level assessments
are a recommended tool to assist in water quality
and habitat evaluations.

� Water quality data remain in short-supply in the
WRIAs. Seasonal in situ monitoring of tempera-
ture, DO, pH, and conductivity is recommended
to gather more data and develop a more thorough
characterization of water quality on all mainstem
streams. If situations of a high level of aquatic
plant growth become obvious, initiate seasonal
nutrient monitoring to identify if the waters are
enriched with nitrogen or phosphorus. Specific
water quality sampling is recommended on Foster
and Douglas Creeks to help identify habitat
quality concerns (see below).

� Insufficient information exists on stream channels
north of the Columbia River in WRIA 50. Most
of the channels entering the section of the
Columbia River downstream of Chief Joesph
Dam are steep, seasonal, and are not known to
offer habitat for anadromous fish utilization.
Waterbodies upstream of Chief Joseph Dam
currently support resident fish only and they were
not included in the original streams surveyed in
2001 for potential anadromous fish use. However,

a cursory habitat and water quality assessment of
Coyote Creek occurred in 2002 (as reported
herein), until the Colville Tribe concluded it was
not in their best interest to continue participation
in the watershed planning process.

1 2 . 2  S T R E A M  P R I O R I T I Z A T I O N
Anadromous fish species protected under the Endan-
gered Species Act (ESA) are currently using stream
reaches in Foster and Rock Island Creeks. These two
streams should receive the top priority for future
study effort. Both streams are spring-fed, providing
continuous, year-round streamflows. Habitat condi-
tions in Foster Creek appear to be more degraded than
in Rock Island Creek, and they could benefit from
further assessment activities. Although upstream of
migratory fish barriers, the West and East Forks of
Foster Creek should continue to be reviewed for their
ultimate influence on the mainstem reach of Foster
Creek.

There were periods 15 to 20 years ago when Moses
Coulee supported surface water streamflows and of-
fered seasonal production of anadromous fish species
documented below RM 1.8 in the Coulee. Stream
flows through the Coulee appear to be related to the
volume of groundwater entering Douglas Creek in the
vicinity of Pegg and Mohr Canyons. Douglas Creek
supports perennial stream flow in the canyon reach,
but looses surface water flow across its alluvial fan.
Additional study is needed to determine the dynamics
of the groundwater source and if groundwater re-
charge can be enhanced. Habitat concerns for these
four creeks are summarized and potential action items
to consider for each issue are listed in Table 12-1.

Substantive action items for the rest of the streams
surveyed during 2001 and 2002 are not recom-
mended. Whereas McCartney, Coyote, Pine Canyon
and Douglas creeks offer relatively good habitat con-
ditions for fish production, they historically and cur-
rently support resident trout species. Providing access
for anadromous fish species is problematic. Con-
serving habitat features for resident trout and other
aquatic species in the WRIAs remains an important
consideration, but it is given less priority under H.B.
2514 grants unless the resident species are listed un-
der the ESA. Given the volume of water and the per-
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ennial nature of Douglas Creek, this resident fish
stream receives a secondary level priority for future
study effort.

Although a good volume of water flows year-round in
Coyote Creek, further work on this stream is not rec-
ommended. Under advice of legal council, the Col-
ville Tribe has discontinued participation in the wa-
tershed planning process and no longer allows access
to their land for this purpose. McCartney and Pine
Canyon creeks support very low volumes of peren-
nial-flowing surface water in discontinuous stream
reaches. These creeks receive a third priority level for
study effort.

Habitat conditions in Rattlesnake Creek upstream of
the confluence with McCartney Creek, Blue Grade
Draw and Sand Canyon do not appear to be condu-
cive to salmonid fish production because of very
warm stream temperatures, inconsistent streamflow
regimes, and a general lack of robust aquatic produc-
tivity. Further assessment in these stream systems is
not recommended.

1 2 . 3  M O N I T O R I N G  R E C O M M E N D A T I O N S
We recommend the following water quantity, water
quality, and habitat monitoring programs be estab-
lished in WRIAs 44 and 50:

� Continue monitoring daily streamflows and water
temperatures in Foster, Pine Canyon, Rock
Island, and Douglas Creeks. Initiate such
monitoring in other creeks as warranted.

� Locate discharges from springs that contribute to
perennial surface water flows in the mainstem of
Foster Creek.

� Monitor dissolved oxygen (DO) and nutrient and
conductivity levels in the mainstem and both
forks of Foster Creek to improve the
understanding of the diurnal and seasonal nature
of potential low DO concentrations.

� Initiate a routine observation program of
periphyton and algal growths through the summer
months in the anadromous stream reach of Foster

Creek and correlate their presence with trends in
water quality data.

� Initiate snorkel surveys to monitor juvenile fish
rearing in the anadromous reaches of Foster and
Rock Island creeks and in the canyon reach of
Douglas Creek. Such effort will help determine
species composition, seasonal timing, relative
growth and abundance of salmonid fish species as
well as general overall health of juvenile fish with
respect to habitat limitations in the creeks. This
information would be used to help fine-tune
stream-specific life-stage periodicity information
and to establish a seasonal flow schedule.

� Establish channel cross-sections and initiate
physical habitat data collection to assist in the
establishment of instream flow regimes in Foster,
Rock Island and Douglas Creeks under the
Ecology Instream Flow funding grants.

� Assess and model groundwater levels in Moses
Coulee to ascertain the relationship between
surface and groundwater flows in the Coulee.

� Following the conceptual approach outlined in
Appendix F, Instream Flow Study Recommenda-
tions, it is recommended the Planning Unit initi-
ate a sequential process for the development of
minimum instream flows under an Ecology In-
stream Flow Study Planning Grant. The instream
flow study recommendations include the follow-
ing items:

o Proceed with field studies to help estab-
lish instream flow needs as a top priority,
on:

� Foster Creek
� Rock Island Creek

o Determine if instream flow establishment
is appropriate for:

� Douglas Creek
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o Delay establishment of flow regimes on
all other intermittently flowing streams
until resource conditions or flow re-
quirements suggest a future potential as-
sessment would be warranted.

� Establish a subcommittee (or use the scope of
work subcommittee) to specifically address the
technical details of initiating an instream flow
study. The study could benefit from a formal
definition of the purpose for setting flows and a
vision for the desirable outcome (Step A ISF
Scope of Work). Setting goals and objectives for
the project is one of the most important steps. All
parties in the Planning Unit should be aware of
and, hopefully, agree to the study elements. This
aspect will minimize future disagreements about
the study’s approach. Once goals and objectives
have been identified in a consensus manner, the
appropriate analytical methods and data collec-
tion techniques can be selected to address the is-
sues.

1 2 . 4  C O N S E R V A T I O N  R E C O M M E N D A T I O N S
We recommend conservation activities be established
in WRIAs 44 and 50 for current and future needs and
development. Many of these recommendations may
fall under NRCS or FCCD jurisdiction.

� Be good stewards of the surface water
expressions that contribute to perennial
streamflows.

� Conserve, protect, and enhance riparian
vegetation along stream courses, specifically in
Foster and Douglas Creeks and generally
throughout all perennial-flowing streams in both
WRIAs.

� Encourage soil conservation measures  in the
headwater regions of Foster and Douglas Creeks
by applying agricultural Best Management
Practices (BMPs) to farms with exposed soil
close to stream channels. Investigate further use
of conservation reserve programs on farm areas
with soil erosion problems.

� Encourage on-farm water management and water
conservation activities in the inland areas that use
groundwater for irrigation. The water
management activities could include audits of
existing irrigation systems to determine
efficiencies and potential improvements; use of
soil moisture sensors; use of irrigation seheduling
programs and real-time crop water use data
published by the USBR Agrimet network and
Public Agricultural Weather System (PAWS);
and constructing upgrades to irrigation systems to
improve their efficiency.

� Re-vegetate the draws that are gullying in the
East Fork of Foster Creek.

� Devise a plan for livestock and wildlife watering
that minimizes erosion and damage to sensitive
channel areas.

� Continue work to identify and minimize channel
head cuts in the Foster Creek Drainage basin.



Table 12-1. Recommended habitat issues to address in Phases II & III of the Watershed Planning Assessment.

Subbasin Issue Action Item

Foster Creek

Highly erosive glacial soils / Assess feasibility of implementing sediment source control measures 
High in-channel sediment loading      via land use practices, technics to minimize channel head-cutting; 

     minimize livestock damage of sensitive channels and revegetate draws

Warm summer stream temperatures Assess feasibility of riparian restoration and sediment control
Low in-stream wood levels Assess feasibility of riparian restoration and channel stability
Low pool frequency Assess increased development of channel bed structure; introduce beaver
Surface water expression of groundwater Find, conserve and protect springs; 
Low seasonal stream flows Assess feasibility of low flow augmentation
Late summer dissolved oxygen deficits Assess nutrient levels and feasibility of riparian restoration

Rock Island Creek

Surface water expression of groundwater Prepare a stewardship plan to conserve and protect the surface water 
     expression of the spring;

Low seasonal stream flows Assess feasibility of low flow augmentation

Moses Coulee

Lack of surface water streamflow Assess feasibility of increasing groundwater flows in to Douglas Creek

Douglas Creek

Variable groundwater influx to the creek Assess feasibility of groundwater augmentation in Pegg and Mohr Canyons
Naturally high stream temperatures Improve the understanding of thermal groundwater sources
High nutrient levels Implement nutrient source control program; reduce sediment runoff; increase stream flows
High historic levels of organic compounds Re-initiate water quality sampling of organic compounds to assess current conditions
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