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PREFACE

The study reported here developed from recommendations made to
the Water and Wastewater Monitoring Section by Harold Porath of
the Central Regional Office, Department of Ecology. Lev Kittle
designed the study and initiated field sampling. Most of the
remaining field work was the responsibility of Shirley Prescott.
Art Johnson and she prepared the project report. Thanks are due
to the Department of Ecology Tumwater laboratory staff for con-
ducting the sample analyses and to Carol Perez for typing this
manuscript.



ABSIRACT

Surface water and ground water quality were monitored in Wilson
Creek drainage, central Washington State, from July 1978 through
July 1979 to evaluate impacts from irrigated agriculture, urban
runoff, municipal and industrial waste disposal, and residential
development. Return flows from irrigated agriculture were identi-
fied as the cause of increased turbidity, solids, nutrient, and
bacteria levels in the central and lower drainage. Kittitas sewage
treatment plant effluent substantially reduced water quality in
Cooke Creek. The other point and non-point sources monitored did
not appear to significantly impact water quality.
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INTRODUCTION

The Washington State Department of Ecology's "Five-Year Water Quality
Strategy”1 identifies and prioritizes management segments within the
state failing to meet the federal and state 1983 "fishable-swimmable"
goal. Kittitas Valley's Wilson Creek drainage is one of several irri-
gated aqricul tural basins bordering the Yakima River classified as
"water quality limited due to non-point sources (WQ-NPS)". Based on
severity and freguency of violations of Class A water quality criteria,
it was ranked 12th of 36 WQ-MPS surface water segments evaluated. As a
top priority problem of the Department's Central Regional Office, it was
selected for study by the Water and Wastewater Monitoring Section in FY
1978.

STUDY AREA DESCRIPTION

Kittitas Valley is located in the approximate gecgraphic center of
Washington State on the eastern slope of the Cascades. The Wenatchee
Mountains, Bolyston Mountains, and Manastash Ridge form the valley's
korders to the north, east, and south.

The valley's climate is semi-arid, with an average rainfall of only
about 9 inches. Most of this falls as snow from late MNovember through
February. With irrigation, valley soils support an agricultural economy.
Approximately 90,000 acres are currently under irrigation for the pro-
duction of cattle, sheep, hay, small grains, corn, and potatoes.

El Tensburg (population 13,000), and the community of Kittitas (popula-
tion 745) are the major urban centers. An additional 9,300 people live
in unincorporated areas of the valley.

Wilson Creek and its 7 major tributaries, the subjects of this study,
drain the eastern half of Kittitas Valley and empty into the Yakima
River at river mile 147.0 (Figure 1). Wilson, Naneum, Coleman, Cooke,
Caribou, and Park creeks originate in the foothills of the Wenatchee
Mountains and flow toward the Yakima River in a generally south-westerly
direction. Badger Creek flows out of the opposite corner of the valley,
draining the Badger Pocket area before meeting Wilson Creek as Wipple
Westeway .

Three large irrigation canals, Highline, Cascade, and Town, circle the
valley bringing irrigation water diverted from the upper Yakima at river
miles 202.5, 168.9, and 161.3, respectively. During the April-to-
October irrigation season, these and a maze of smaller canals, ditches,
and diversions, radical 1y change the natural course of drainage for
creeks flowing through the valley. Figure 2 shows the general flow
paths of creeks and major irrigation canals during late summer. High-
line Canal, skirting the valley's upper rim, receives little significant
irrigation return flow. During late summer and fall this canal becomes
the source of downstream water in Cooke, Caribou, Park, and Badger




creeks when their upper reaches dry. About 4 miles below Highline,
Wilson Creek and its tributaries meet Cascade Canal. Park and Badger
creeks flow under Cascade, but Mercer, Wilson, Haneum Coleman, Cooke,
and Caribou flow directly into the canal and are swept eastward to be
replaced by canal water shunted into their respective downstream reaches.
The lower sections of these creeks, therefore, are branches of Cascade
Canal during the irrigation season.

Town Canal is 1-1/2 miles below Cascade. Cooke Creek is again diverted
eastward here while the remainder of the creeks flow under this last
canal and finally merge with Wilson Creek near the community of Thrall
before entering the Ya&ima River,

Yakima River water is not diverted into Highline, Cascade, or Town
canals from October to April. For this period the creeks follow their
"natural" courses. The dates that the canals were filled and drained
during this study are as follows: Highline Canal filled April 25, 1978,
drained October 15, 1978, filled April 13, 1979; Cascade and Tomn canals,
filled April 20, 1978, drained October 15, 779, filled April 15, 1979.

SURVEY SCOPE AND OBJECTIVES

The following land-use activities of potential impact to water quality
in Nilson Creek drainage were selected for study:

1. Return Hows from Irrigated Agriculture.

Objective: Determine the extent to which irrigation return

flows degrade water quality in Wilson Creek and its tribu-
taries. Identify pollutant sources by land use types.

Wilson Creek drainage has been designated Class A (excellent)
waters by the State of Washington in accordance with present
and potential water uses and in consideration of its natural
water quality potential. The water quality criteria for Class

fication are listed in Appendix A.

A1l major creeks in Wilson Creek drainage are diverted for
irrigation of pasture, hay and row crops, and receive irriga-
tion return flows. Limited data?:3 collected by DOE, the U.S.
Bureau of Reclamation, the U.S. Geological Survey, and other
agencies suggest significant degradation of water quality in
Wilson, Coleman, and Cherry creeks with respect to fecal coli-
forms, nutrients, suspended solids, and turbidity. Wilson
Creek drainage has been identif%edi as the major source of
pollution in the Cle Elum-to-Umtanum reach of the Yakima River
(river miles 191 to 139.9). ‘local farmers maintain their
irrigation practices are not responsible for the valley's
water quality problems. The regional office will use infor-
mation generated by this study in conjunction with 208 sedi-
ment sampling programs to estimate the magnitude of impacts

to water quality fron on-going agricultural practice.; in the
valley.



Ellensburg Urban Runoff.

Objective: Determine if runoff from the city of Ellensburg
adversely affects water quality in Wilson Creek.

Wilson Creek and its branch, Mercer Creek, flow directly
through H lensburg. Low survival of trout planted in Tower
Wilson Creek has been reported by the Washington State
Department of Gare wo suggest that urban runoff may be re-
sponsible. Heavy metals, particularly lead from auto exhaust,
are thought to be of potential significance.

Schaake Feedlot/Twin City Foods Sprayfield Runoff.

Objective: Determine if runoff from the Schaake feedlot or
Twin City Foods sprayfield impacts water quality in Wilson
Creek via Tjossem Ditch.

Surface water runoff and shallow water tables pose potential
waste management problems for both the ahnve companies.
Schaake feedlot is a 7,000-head capacity operation bordered by
Wilson Creek and Tjossem Ditch, 1/2 mile south of Ellensburg.
Tjossem Ditch, fed by diversion of the Y&ima River at river
mile 152.2 during the irrigation season, Meets Wilson Creek at
river mile 5.2 below Ellensburg. Sprinklers are used to
irrigate pastures surrounding the feedlot and to control dust
in the cattle pens during summer. Surface slopes are such
that site runoff would be directed toward Tjossem Ditch. An
anaerobic lagoon at the east end of the livestock pens col-
lects cattle wastes.

Twin City Foods sprayfield, also between Wilson Creek and
Tjossem Ditch, is an 80-acre site south of the Ellensburq
sewage treatment plant (STP) used for land disposal of wastes
by spray irrigation. Oweruse of the sprayfield in the Fall of
1977 caused vegetable processing wastes to flow into Tjossem
Ditch. The Ellensburg SIP sometimes uses this field for
sludge wasting.

Ellensburg STP Sludge Disposal.

Objective: Determine if water quality in Wilson Creek is
degraded by Hlensburg SIP's sludge disposal practices.

Ellensburg STP is a relatively mawv (March 1973) secondary-
level, activated sludge plant at the southern edge of the
city. [Its effluent is discharged to the Yakima River at
river mile 151.5. Most of the sewage sludge is disposed of
by spraying on a five-acre site behind the plant adjacent
to Wilson Creek. Evidence of sludge flowing into the creek
has been reported by th- regional office.




5. Kittitas STP Effluent.

Objective: Document the contamination of Cooke Creek by the
Kittitas STP.

Kittitas STP, at the south end of the town of Kittitas, dis-
charges its effluent into Cooke Creek. The plant is an anti-
quated secondary treatment facility whose secondary clarifier
has been bypassed for a number of years. Disinfection prac-
tices are poor. (As of this writing, an aerated lagoon system
is under construction at the STP. Cooke Creek will continue
to act as receiving water for the upgraded facility.)

6. Groundwater Quality.

Objective: Determine the quality of groundwater in the area
of the Grasslands and Birchwoond residential developments.

Grasslands (740 acres) and Birchwood (65 acres) are residen-
tial developments bordering Town Canal east of Ellensburg.
Residents draw their domestic water from individual wells
and dispose of wastewater via septic tanks and drainfields.
Shallow ground-water conditions during the irrigation season
and poor drainage have resulted in flooding and are potential
threats to groundwater quality. The Kiftitas County Planning
Department halted development of Birchwood because of lack of
proper drainage and the need for an adequately protected com-
munity water supply. The regional office requested data on
existing groundwater quality to heln assess the impact of
future development in the Ellensburg area,

MATERIALS AND METHODS

The 59 station sampliny rtetwork pictured in Fiqure 1 (surface water
stations) and Figure 3 (groundwater stations) was established to meet
the above study objectives, The study area encompassed approximately
190 square miles of Wilson Creek drainage. Individual surface water
station descriptions are listed in Appendix B.

To evaluate the impacts of irrigated agriculture, three stations each
(two on Park Creek) were established on Wilson Creek and its tributar-
ies: one above Highline Canal, removed as much as practical from agri-
cultural influences (stations 6, 7, 19, 20, 21, 22, and 24); one mid-way
along the irrigated valley floor (stations 4, 5, 9, 10, 12, 14, 17, and
25); and one in the lower drainage before confluence with Wilson Creek
(stations 27, 28, 29, 30, 31, 32, 34, and 40). Irrigation canal sta-
tions on Highline (stations 1, 18, and 23), Cascade (stations 2, 8, and
13), and Town (stations 3, 11, and 26) were selected to detect progres-
sive changes in irrigation water quality. An additional station wes
placed on Wilson Creek just above its mouth on the Yakima River (station
33). Mid-way through the study stations were added on Wilson Creek at
its confluence with Wipple Wasteway (station 42), Reecer Creek (station
43), Cherry Creek (station 44), and Wipple Wasteway above the Cherry
Creek confluence {(station 45).



Above and below stations were also established for Ellensburg urban
runoff (stations 4, 5, and 37, 38, 39), the Ellensburg STP sludge dis-
posal site (stations 35 and 36), and the Kittitas STP outfall (stations
15 and 16). Five stations along Tjossem Ditch (T1 through T5) monitored
Schaake feedlot and Twin City Foods sprayfield.

Groundwater quality in the Grasslands-Birchwood developments was evalua-
ted in 9 observation wells in and around the developments. Town Canal
was also sampled at stations 11 and 41 where it entered and left the
groundwater study area. The DOE Water Resources Investigations Section
directed this portion of the study.

Surface waters were sampled every two weeks during the irrigation
season. Weather limited sampling for the remainder of the year to only
three to four collections per station. Groundwater samples were col-
tected monthly. Routine water sampling began in July 1978 and ended in
July 1979, Some additional field work continued into December 1878.

At each surface water station four parameters were measured in situ:
temperature; pH; specific conductivity; and dissolved oxygen (Winkler-
Azide modification). Flow was determined from staff gage readings, weir
measurements, or dirvectly with a flow meter. Additional water samples
were collected, packed in ice, and shipped to the DOE Tumwater labora-
tory, and analyze” according to Methods for Chemical Analysis of Wuter
and Wastes? for the following parameters:

1. Fecal coliform (col/100 mi) 7. Turbidity (NTU)

2. Total Kjeldahl-nitrogen (mg/1) 8. Chemical oxygen demand (mg/1)
3.  Ammonia-nitrogen (mg/]% 9. Total suspended solids (mg/1)
4. Nitrite-nitrogen (mg/1 10. Total hardness (mg/1)

5. Nitrate-nitroqen (mg/1) 11. Total alkalinity (mg/1)

6. Total phosphate-phosphorus (mg/1)

Field parameters measured in the groundwater study included temperature,
pH, specific conductivity, and well water level. Laboratory analyses
were limited to parameters 1, 3, 4, 5, 6, 7, 10, and 11, above, plus
total coliforms, chlorides, calcium hardness, and total iron.

Water and sediment samples for heavy metals analysis were collected from
Wilson and Mercer creeks above and below both Ellensburg and the Ellens-
burq STP. Grab samples of water (500 ml, unfiltered, acidified in the
field) and sediment (approximately 50 g) were collected once each month
from July through September 1978 and returned to the DOE Tumwater
laboratory for determination of lead, mercury, and zinc content by
atomic absorbtion spectrophotometry.

RESULTS AND DISCUSSION

Return Flows from Irrigated Agriculture.
A Surface Water Quality During the Irrigation Season.

Table 1 summarizes the vresults for water guality parameters
measured at selected surface water stations in Wilson Creek
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drainage. A1l data are Timited to samples collected during
the 1978 and early 1979 irrigation season. Parameter means
and ranges for each of the study's 50 surface water stations
are listed individually in Appendix C.

Temperature - Creek temperatures did not increase greatly
between upper and lower drainage stations. Individually, both
Wilson and Maeum creeks were exceptions to this pattern being
about 5°C warmer in their lower reaches than where sampled
above Highline Canal. Temperatures in drainage waters gener-
ally remained within the Class A standard of 18°C. Cooke and
Caribou creeks at stations 14, 15, and 17 near Kittitas
sometimes exceeded this standard by as much as 4°C during the
summer. Equally high temperatures, however, occurred natur-
ally in the upper reaches of Cooke and Coleman creeks away
from aaricultural influence. Lack of vegetative cover along
these shallow streams was probably the reason for elevated
temperatures.

pH - H is a scale extending from 0 very acidic, to 14, very
alkaline, with a middle value (pH 7) being neutral.

Slightly increased pH was noted downstream in both the creeks
and the irrigation canals. Drainage waters were typically
<lightly alkaline. Most measurements taken fell within the
6.5-8.5 pH standard for Class A waters. The same Cooke and
Caribou creek stations mentioned above and also Wilson Creek
stations 34-37 below Ellensburg, occasionally were found to be
indthe pH range of 8.6-8.9, a marginal violation of the stand-
ard.

Specific Conductivity - The ability of water to conduct an
electric current Is neasured by its conductivity which in turn
may be related to the amount of dissolved solids or salts
(salinity) present. As a general rule, dissolved solids in
milligrams/ Titer equals 55 to 75 percent of a solution's
specific conductivity in micromhos/centimeter.©

Highline Canal had the lowest conductivity of all waters
sampled in the drainage. Table 1 shows that its conductivity
remained essentially unchanged throughout the approximately
20-mile section of canal monitored in this study, indicating
very Tittle influx from agricultural runoff. The Cascade and
Town Canal data, however, show abrupt increases in conduc-
tivity between stations 2 and 13 on Cascade Canal and 11 and
26 on Town Canal. This is probably largely due to Cascade
Canal merging with Mercer, Wilson, Naneum, Coleman, Cooke,
and Caribou creeks and Town Canal merging with Cooke Creek.
Unknown numbers of small irrigation return flows also enter
these canals, tending to increase their conductivity.



As might be expected, conductivity increased the further down-
stream creeks were sampled in the drainage. Maximum conduc-
tivities were reached in the lower drainage, usually ranging
from 200 to 300 umhos/cm, but occasionally approaching 500
pmhos/cm.  Although high conductivity (salinity) can render
water useless for irrigation purposes, the maximums measured
in this study were considerabiy below the 750 umhos/cm thresh-
old sufficient to damage crops/. A maximum conductivity of
500 umhos/cm has also been suggested if a population of mixed
fish species is to be maintained.’ Conductivity in the lower
drainage wes also within this criterion.

Hardness and Alkalinity - Changes in hardness and alkalinity
followed the same pattern as described for specific conduc-
tance. Both parameters increased by approximately 3-fold
between the upper and lower drainages. Water in Highline
Canal and the upper creeks was soft, less than 75 mg/1, while
middle and lower drainage waters were in the moderately hard

range of 75 to 150 mg/1.

As a measure of water's buffering capacity, an alkalinity
above 20 mg/1 is reoommended to maintain the stable H regime
important to aquatic life.® At the other extreme, alkalinity
in irrigation water should be less than 600 mg/1 to prevent
plant damage from chlorosis (iron deficiency) or sodium toxi-
city.8 Alkalinity in Wilson Creek drainage ranged from a
minimum of 27 mg/1 in creek waters to a maximum of 192 mg/1
in Wipple Wasteway - both well within critical levels.

Chemical Oxygen Demand and Dissolved Oxygen - Chemical oxygen
demand (COD) 1s a measure of the anount of oxidizable, oxygen-
demanding material in water. Values greater than 50 mq/1 are
usually considered indicative of contamination by excessive
quantities of organic matter. The potential for stream oxygen
depletion also rises significantly When the COD exceeds this
level.

Table 1 shows that COD in creeks impacted by irrigated agri-
culture return water was roughly double that where agricul-
tural influence was absent. The highest mean values for
individual stations sampled were 23 mg/1 in Schnebly Creek

and 26 mg/1 in middle Coleman Creek (see Appendix C). Nine
stations (9, 12, 13, 15, 28, 29, 31, 37, and 38) had single
measurements approaching or exceeding 50 mg/1, indicating that
although average COD's were low to moderate, excessive organic
pollution may occur periodically in the drainage. The presence
of oxidizable inorganic compounds can also cause elevated COD.
Dissolved oxygen did not appear to be affected at these high
D s.



Dissolved oxygen (D.0.) concentrations were not significantly
different between the upper. middle, and lower sections of the
drainage. D.0. wes usually at or above saturation values and
typically ranged between 9 and 12 mg/1 at most stations. The
Class A standard specifies a D.0. of greater than 8 mg/1. Only
upper Park Creek at station 22 wes significantly in violation
of the standard, having an average D.0. of 6.1 mg/1 and mini-
mns as iow as 3.5 mg/1. The reason for these violations weas
not determined,

Because routine sampling was confined to daylight hours, a 24-
hour series of D.0. measurements wes taken on June 21-22,

1979 to determine what level oxygen concentrations might fall
to at night in the slow flowing, warmer reaches of the lower
drainage. Station 42 on Wilson Creek below its confluence
with Naraum Creek and station 32 on Wipple Wasteway bdow the
Cherry Creek confluence were sampled, The results for Wilson
Creek indicated a D.0. drop of 2.5 mg/1 to a low concentration
of 7.1 mg/1, slightly below the Class A standard. Stream
temperatures had dropped from 18°C in the afternoon to 15.9°C
at the time of the low measurement (0530). Wipple Wasteway
D.0. did not change appreciably over the 24-hour period. The
madmum drop was only 0.6 mg/1 to a low concentration of 8.7
mg/1. Respiration by the extensive growths of aquatic plants
in Wilson Creek was probably responsible for most of the ob-
served change in D.0. These growths are absent from the
turbid waters of other creeks in the lower drainage.

Fecal  Cd iforms - Fecal coliforms are predominantly non-
pathogenic bacteria found in the intestinal tracts of humans

and other warmblooded anima]a Their presence. in water samples
indicates that the water in guestion has come in contact with
fecal material from warmblooded animals.

The fecal coliform data summarized in Table 7 is presented in
detail in Figure 4 which shows the median concentrations
measured at all drainage stations sampled.

Highline Cana and the upper creeks are shomn to have been
we?l within the Class A standard for fecal coliforms. This
standard specifies a median value of no more than 100 colonies
per 100 ml. Upper Caribou and Park creek stations were down-
stream from irrigated pastures and, as a result, had increased
coliform levels relative to the other upper creeks.

A11 drai nage waters sampled below Highline Canal were in
violation of the Class A standard. The worst contamination
appeared to be in the middle valley. The middle reaches of
Mercer and Caribou creeks were not sampled ahave their con-
fluence with Cascade Canal, but were probably similar in
bacterial guality to the other nearby Streams.



Cascade and Town canals exceeded the Class A standard where
they first entered the drainage at stations 2 and 3. Cascade
Canal reached high coliform concentrations downstream due
primarily to input from Wilson Creek and its tributaries.
Town Canal, on the other hand, may have remained relatively
uncontaminated up to its confluence with Cooke Creek below
Kittitas.

Fecal contamination in the portion of the drainage below Town
Cand was reduced to roughly half that of the middle valley
but remained well above Class A standards. Coliforms were
lowest in Wilson Creek and tended to increase in streams to
the east due, at least partly, to the influence of Cascade and
Town canals on flow patterns in the drainage. Lower Caribou
Creek was anomalously high compared to other creeks in the
lower drainage. Wilson Creek's final discharge to the Yakima
River had a large fecal content relative to the Yakima's Class
A waters.

A few water samples were also subjected to qualitative tests
for the presence of the human bacterial pathogens Staphylo-
coceus aureus, scudomonas aeruginosa, and Salmonel la-Shigella.
These tests were Timited to 6 samples collected on December 3,
1979 at stations 12, 16 (below Kittitas STP), 17, 36, 38 and
39. Salmonella-Shigella were not detected but all samples
were positive for 5. aureus and P. aeruginosa which are asso-
ciated with environmental Ty acquired respiratory tract and
skin infections. Both livestock and humans are potential
sources of these bacteria. The presence of 5. aureus and P.
aeruginosa should be viewed as further evidence of low bac-
terial quality in the drainage. MNo conclusions about health
jmplications are warranted since these tests were few in
number and do not show the concentrations of organisms present.

Nutrients

Mitrate-nitrogen (M03-N) and total phosphate-phosphorus (T-
PO4-P) concentrations in Wilson Creek drainage are illustrated
in Figures 5 and 6 Both nutrients were uniformly low in the
upper creeks, throughout Highline Canal, and in Cascade and
Tom canals where these two enter the drainage. Higher
nutrient levels are shown for upper Caribou and Park creeks,
again reflecting the impact of irrigated land upstream.

In contrast to the middle valley maximum exhibited by the
fecal coliform data, N0314 and T-P0g4-P reached their maximum
concentrations in the lower valley. Mean NO3-N showed in-
creases of 50 to 100-fold over the initially low levels in the
upper drainage. Cherry Creek, Park Creek, and Wipple Wasteway
had the highest concentrations. Vaues as high as 3.2 mg/1
were measured in Wipple Wasteway.

9




T-POg-P increased about 3-fold between upper and lower parts
of the drainage, The stations with the higher concentrations,
.10 to .15 mg/1, were distributed more uniformly throughout
the irrigated portion of the “rainage than was the case for
NO,-N.

3

Mercer, Wilson, and Nmeum creeks appeared to have consider-
abiy lower concentrations of both NOS—N and T~P04~P than did
the other creeks,

Data for total Xjeldahl-nitrogen (ammonia + organic nitrogen),
ammonia-ni trogen (NH3-N), and nitrite-nitrogen (NO2-N) are
dhown only in Table % Kjeldahl-nitrogen doubled and tripled
downstream from the upper creek stations and in Cascade and
Tomn canals. NH3-N and NOp-N, however, were usually Tow
throughout the drainage. Occasionally concentrations of 0.7
to 0.4 NH3—N were detected.

Nb state water quality standards have been established tor
nutrients. Ammonia, nitrite, and nitrate can be toxic at
sufficiently high concentrations, hut these levels are not
often reached in natural waters. One concern about increased
nutrient concentrations is the potential for stimulating
nuisance growths of algae. The algal bloom thresholds for
NO3-N and T-POg-P in running waters are estimated to be 0.3
mg/17 and 0.1 mg/18, respectively. These levels were exceeded
throughout most of Tower Wilson Creek drainage and also in
Coleman, Cooke, and Caribou creeks in the middle valley. 1In
spite of this, excessive algal growth has not been a problem.
The relatively clear waters of lower Wilson Creek do support
large growths of rooted aquatic plants in the summer, but
these plants draw nutrients from sediment as well as the
surrounding water.

A second, and in this case perhaps more important, cause for
cancern is the nutrient loss from croplands that these high
nitrate and phosphorus concentrations represent. These losses
are quantified in a later section of this report.

Turbidity - The Class A turbidity standard states that "tur-
bidity shall not exceed 5 NTU {(nephelometric turbidity units)
over background turbidity when the background turbidity is 50
NTU or Tess". The background or "natural, ambient condition”
is difficult to establish. Wilson Creek below Ellensburg
flows through land not as intensively farmed as the rest of
the drainage. The mean turbidity at station 34 at the Tower
end of this portion of Wilson Creek, prior to its confluence
with Naneum and Coleman creeks, was 3 NTU. Using this value
as a reasonable background level, the mean turbidity shown in
Table 1 for Wipple Wasteway (station 32) and Wilson Creek
below Wipple Wasteway (station 33) exceeds the Class A stand-
ard. Wilson's discharge to the Yakima River (mean turbidity
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also 3 NTU) can be expected to result in violations of the
turbidity standard in the Yakima for an undetermined distance
downstream.

Other stations (see Appendix C) with a mean turbidity in
excess of a 3NTU background during the study were lower Park
Creek at station 27 (11 NIU), Cherry Creek at station 44 (9
NTU), and Wipple Wasteway at station 45 (15 NTU) above its
confluence with Cherry Creek. The maximum turbidity measured
in the drainage was 50 NTU at the lower Park Creek station in
July 1978.

Creek stations where the mean turbidity met the Class A stand-
ard but with periodic turbidities of 5 NTU or more in excess
of a 3NTU background included all remaining stations in the
lower drainage and also Schnebly Creek and middie Coleman
Creek stations.

Suspended Solids

The distribution of total suspended solids concentrations in
the drainage is depicted in Figure 7. The distribution of
high and low values is similar to that described for NO3-N and
T-POg-P. Suspended sediment and phosphate are often corre-
lated in agricultural runoff because of phosphate's tendency
to adsorb to soil particles.

This study, appropriately, used grab samples to identify major
sources of agricultural pollutants in the drainage. Since
suspended sediment distribution in a stream is a function of
velocity and turbulence, these data probably underestimate the
actual concentrations present especially in the wider sections
of lower Wilson Creek, Cherry Creek, and Wipple Westeway which
were sampled from the stream bank. Peak times of sediment
loading such as storm events were not monitored in this study.

High suspended sediment concentrations can be detrimental to
aquatic plants and animals due to reduced light penetration,
interference with feeding, gill clogging, spawning area silta-
tion, etc. Proposed criteria for protection of stream life
are as follows: 25 ma/1 - high level of protection; 80 mg/1 -
moderate level of protection; 400 mg/1 - low level of protec-
tion. Refering to Figure 7, it appears that stream habitat is
degraded by increased suspended sediment in Schnebly Creek,
middle Coleman Creek, and in the central and eastern portion
of the lower drainage.

The soil losses represented by the suspended sediment con-
centrations measured in this study are estimated below.
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Mutrient and Suspended Solids Loadings in Lower Wilson Creek
Drainage.

Loadings of NO3-N, T-POg-P, and total suspended solids in
pounds ner day at Wilson Creek above the Naneum confluence
{(station 34), Wilson Creek below the confluence (station 42),
Cherry Creek (station 44), Wipple Wasteway (station 45), and
the Yakima River above Wilson Creek are estimated in Table 2.
The data span the spring and early summer of 1979 during the
onset of the irrigation season. Data for the earlier part of
the study are incomplete.

Flows in the lower drainage increased in May, coincident with
the filling of irrigation canals and the start of irrigation.
A progressive increase in flow is evident from spring through
early summer (flows usually begin dropping in late August or
September).

Nutrient and suspended solids loads in Wilson Creek above the
Naneum/Coleman confluerice are shown to be Tow. Loadings
increased by an order of magnitude below the confluence.

Cherry Creek, at only 1/4 to 1/2 the flow of Wilson Creek at
station 42, carried an equal NO3-N load and about half the
T-POg-P load. With the onset of irrigation, Cherry Creek's
suspended solids load rapidly increased to a level 15 times
that found in Wilson. Solids in Wilson Creek decreased during
the first part of the 1979 irrigation season contrary to the
trend in the other creeks.

On a flow-weighted loading basis, Wipple Wasteway contributed
the lowest loads of nutrients and solids of the three terminal
creeks in the drainage. An alternate approach to evaluating
pollutant concentrations is on a yield-per-drainage area basis.
Data on the area of land drained by each creek aren't available,
but by inspection it is obvious that Badger Creek/Wipple
Wasteway represents a small area of the drainage relative to
Wilson or Cherry creeks. On a yield-per-area basis, land-use
related water quality problems in and around Badger Pocket may
be the most significant in the drainage.

Although Wilson Creek's flow during the period covered in
Table 2 was only 4 to 7 percent of that in the Yakima River,
its input of nutrients and suspended solids to the river was
substantial. Nitrate-nitrogen loadings at Wilson Creck's
mouth ranged from approximately 180 to 490 percent of the
Yakima's MNO3-N load. Total phosphate-phosphorus loads in the
Yakima would be expected to have increased by an estimated 10
to 30 percent below Wilson Creek; suspended solids by as much
as 70 percent.

Seasonal Changes in Water Quality

Only three or four sample collections per station, depending
on weather conditions, were made between the end of the 1978
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irrigation season and the resumption of irrigation in 1979.
Based on this limited survey of the drainage during winter,
the seasonal changes in water quality parameters described
below were observed.

Fecal coliform concentrations were at a minimum during winter
in al7 parts of the drainage sampled. This may be the result
of less surface runoff in the absence of irrigation combined
with reduced animal access to creek waters.

Mitrates, phosphates, and suspended solids were uniformly low
throughout the year-long study period in the upper creeks
above Highline Canal, In the irrigated portion of the drain-
age, nitrate and phosphate concentrations were highly variable
from one sampling period to the next and showed no clear sea-
sonal trends. Suspended solids concentrations, on the other
hand, were reduced when irrigation stopped, remained relatively
low during winter, and increased when irrigation was resumed.

Water quality in Relation to Land Use

Cause and effect is difficult to establish when dealing with
non-point pollution arising from a multiplicity of land manage-
ment activities. Even with the large number of stations
employed in this study, the transient nature of pollutants
discharged in runoff from a given field, the non-conservative
behavior of some of these pollutants, the on again-off again
diversions of (and returns to) creek waters, and the movements
of livestock preclude identification of pollutant sources
except in broad geographical terms,

The results of a land use survey conducted in June 1979 as
part of this study are showmn in Figure 8. This map, sub-
stantially reduced for this report, was prepared by driving
the study area and recording observations on acreage devoted
to pasture, hay, small grains, row crops, orchards, and
rangeland. Notes were also taken on irrigation methods used.

Figure 8 shows that non-irrigated rangeland predominates above
Highline Canal. The land between this study's upper and
middle creek stations is almost exclusively devoted to irri-
gated cattle and sheep pasture and hay production. Livestock
pastures are primarily flood irrigated. Scattered acreage
along Coleman, Cooke, and Caribou creeks were in small grains
and corn,

The central and eastern drainage belov Cascade Canal is in-
tensively farmed to row crops and small grains. Corn is the
predominant row crop grown. Signficantly less acreage here is
used for raising livestock. Most of these fields are irri-
gated by rill and furrow methods, although orchards and some
pastures are spray irricated. The western part of the lower
drainage around Wilson Creek is not as intensively farmed as
other parts of the valley. Much of this land is suburban or
undevel oped.
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The erosion potential of land within the drainage devoted to
the above types of agriculture is shown in Figure 9. When
compared with the land use patterns described above, some of
the reasons for the previously described distribution of water
quality problems in the drainage become evident.

As would be expected, the creeks with the highest fecal coli-
form levels were those draining the extensive pastures above
Cascade Canal. In the lower drainage, fecal contamination
becomes reduced with increased acreage being devoted to row
crops, small grains, etc. Lower Wilson Creek, being a diver-
sion of upper Cascade Canal during irrigation season and
flowing through a high percentage of non-agricultural 1and,
was less contaminated than other parts of the lower drainage.

Relative soil erosion potential is greatest in the eastern
portion of the drainage. These same erosive and steeper
sloped soils are often rill and furrow irrigated, especially
in the central and eastern portions of the lower drainage.

The frequency of soil disturbance and duration of time fields
are left exposed is highest here. Predictably, creeks such as
Park, Cherry, Badger, and Wipple Wasteway which drain this

ments, and leached nitrates.

The shallow slopes and stable soils of most of the irriydted
pasture and hay land bedow Highline Canal are reflected in the
relatively low nutrient and suspended solids levels in Mercer,
Wilson, and Naneum creeks and, to a lesser extent, mddl e
Cooke and Caribou creeks. Coleman and Schnebly creeks are
high in nutrients, solids, and other parameters compared to
other creeks at this point in the drainage and appear to be
draining areas of increased land-ise-velated water quality
impacts.

The stabilizing influence of the natural plant cover on range-
land soils above Highline Canal, egqual in erodibility to soils
in the lower drainage, is shown in low phosphate and suspended
sediment in the upper creeks. HNitrates are also Tow here,
where the leaching action of applied irrigation water is absent.
Low livestock concentrations, low surface runoff, and plant
cover help minimize the potential for bacterial contamination.

Short-term, Intensive Surveys of Fecal Coliforms, Nutrients,
and Suspended Solids in Cooke, Caribon, and Badger Creeks,

Following the completion of routine water sampling of Wilson
Creek drainage in July 1979, the Central Regional Office
suggested several of the creeks deemed lowest in water quality
be sampled in detail. Therefore, during August 20-22, 1979
Cooke, Caribou, and Badger creeks were surveyed oan foot and
sampled for fecal coliforms, NO3-N, T-POg-P, and suspended
sediment at as many sites as practical. Only the upper por-
tion of Cooke Creek was sampled due to construction activity
in Kittitas influencing downstream water quality. The results
of these surveys are shown in Figures 10-12.
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Ore significant observation is that wide variations in pol-
lutant concentration often occurred within the same short
stretch of creek or bhetween adjacent irrigation return flows.
Mote, for instance, the changes in fecal coliforms in Cooke
Creek or NO3-N in Caribou Creek. This demonstrates the prob-
lems inherent in using single stations to characterize water
quality several miles upstream in a system as complicated as
the Wilson Creek drainage. While the general distribution of
water quality problem areas in these creeks described earlier
i's supported, parameter concentrations at any particular point
in a creek are seen to sometimes bear little relation to up-
stream (or downstream) conditions. Diversion, dilution, influx
of 1av quality return flows, sedimentation, bacterial die-off,
and biological nutrient transformation and uptake can act to
bring about rapid changes in creek water quality. Flow
measurements along streams of this type used for irrigation
often exhihit bewildering arrays of high and Tow flows.

Management Strategies for Improving Wilson Creek Drainage
Water Quality.

The major water quality problems in Wilson Creek drainage are
fecal contamination, high nitrate, phosphate, and suspended
sediment concentrations, and excessive turbidity. Management
strategies developed under 208 general planning for the state
and appropriate to Wi<nn Creek drai nage for reducing these
problems are outlined below. An environmental assessment of
Wison Creek drainage published in 19753 by the JARA
contains a more detailed discussion of these and other manage-
ment practices including cost/benefit analyses and suggested
steps for program implementation.

10

Eecal Contamination - Unconfined livestock production on pas-
ture land can be compatible with good water quality. Pollution
is generally more dependent on managernent and hydrogeological
factors than on total numbers of animals involved or waste
volumes generated.

The principal water quality parameter impacted by livestock
is bacterial quality. This also is often the most difficult
water quality standard to meet for non-point sources. Impacts
an physical/chemical parameters such as nutrients or suspended
sediment are usually a result of soil erosion brought about by
loss of plant cover in localized areas with high livestock
concentrations, Pasture management practices resulting in
optimum forage production are likely to reduce adverse en-
vironmental impacts,

Livestock degrade bacterial quality in Wilson Creek drainage
primarily because of having direct access to water in creeks
and irrigation ditches and finnd irrigated pastures. Scat-
tered throughout the drainage are also numerous specific and
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easily identifiable problem areas where animals are concen-
trated, either hy design or by behavior. These areas have
high soil erosion potentiai due to bank destabilization and
can be considered point sources of utrients and sediments as
well as fecal contamination,

The fol Towing management practices should be considered:

1. Prohibit direct animal access to surface waters by Fenc-
ing and providing troughs for watering. Where large
numbers of animals must cross a stream, provide a fenced
bridge or earth fill crossing with a culvert. Employ
sprinkler irrigation to reduce water runoff.

2. Follow recognized stocking rates and control grazing
(e.g., rotation, deferred and seasonal grazing) to re-
duce erosion and waste accumulation.

3. Points of animal concentrations should be located away
from streams and away from hillsides sloping directly to
streams. Periodically move feeding, shelter, and water-
ing areas to avoid waste accumulation, soil compaction,
and erosion. Use culverts to pipe water under confine-
ment areas. Construct berms to intercept slope runoff or
regrade slopes,

4. Provide plant cover between streams or drainage paths
and animal concentrations to intercept contaminants and
stabilize banks.

Nitrate - Nitratc in subsurface irrigation return flows origi-
nates primarily from water Teaching dom through the soil
column. Surface irrigation return fiov concentrations of
nitrate are about the same as in the applied irrigation water
- in the absence of recent applications of nitrate fertilizers.
The key to re'ucing nitrate in return flows lies in avoiding
applications of irrigation water in excess of plant require-
ments and in the timing, amount, and method of fertilizer
application. Experience has shown dissolved constituents,

such as nitrate, are not easily controlled.

Nitrate in Wilson Creek drainage appears to originate pri-
marily in the Tower drainage. Potential control measures
are as follows:

1. Convert to sprinkler or trickle irrigation systems
(where applicable) to apply water more efficiently
and reduce surface and subsurface return flow.;. (The
strong winds in Kittitas Valley may impair uniform
application of water by sprinkling.)

2. Reduce losses from field ditches by lining or replace
with pipes.
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3. Re-use irrigation return flows where practical. Low
specific conductivities (salinities) indicate water
quality would be acceptable for re-use.

Phosphate, Suspended Sediment, and Turbidity - High phosphate
concentrations in agricultural runoff are usually correlated
with high suspended sediment concentrations since phosphates
have a strong tendency to attach to soil particles. Simi-
larly, increased suspended sediment loads in a stream increase
the water's turbidity, although factors such as particle size,
shape, and refractive index influence the directness of the
relationship. Management practices reducing soil erosion can
be expected to reduce phosphate Tosses tn nearby waterways and
increase water clarity,

The highest levels of phosphate, suspended solids, and tur-
bidity were found, along with nitrate, in Tower Wilson Creek
drainage. Erosion control methods to be considered for imple-
mentation are as follows:

1. Convert to sprinkler systems to reduce erosion and run-
off.

2. On land not converted to sprinklers, install erosion
control facilities (sediment ponds, recirculation ponds,
grassed ditches, collector pipes).

3. Improve bank stability on streams and ditches by grass
seeding, riprapping, concrete lining, etc.

The size and complexity of Wilson Creek drainage suggests that
achieving significant improvements in water quality nmey re-
quire an expensive and long-term program. Such a program
should incorporate the following features:

1. Be economically feasible for individual farmers.

2. Demonstrate measurable improvements in water quality and
in better nutrient utilization and reduced soil erosion
on the farm.

3. Have local support, with the agricul tural community an
informed and active participant.

Ellensburg Urban Runoff.

H 1ensburg's urban runoff impact to Wilson Creek cannot be isolated
with the stations used in this study. Station 5 is not a usable
control since Cascace Canad intercepted Wilson Creek downstream
from this station for most of the sampling period. Also, Mercer
Creek received irrigation return flows at a point halfway between
its control station 4 and downstream station 39. Water quality
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below Fllensburg at stations 37, 38, and 39 on Mercer and Wilson
creeks was, however, among the best of all stations sampled betav
Highline Canal which suggests that urban runoff iwmpacts 10 Wilson
Creek are small or at least infrequent.

Results from creek sediment samples analyzed for lead (Pb) could be
interpreted as showing that urban runoff from Ellensburg causes
increased Pb concentrations downstream in Mercer and Wilson creeks.
The average Pb concentration in the 8 sediment samples taken from
stations 4 and 5 above Ellensburg was 12 mg/kg compared to 36 mg/kg
in 10 samples from stations 37, 38, and 39 helav town. An alternate
and equally plausible explanation for this three-fold increase lies
in the fact that stations 37-39 were located along city roads mch
more heavily traveled than the country roads by stations 4 and 5.

Average zinc (Zn) and mercury (Hg) sediment concentrations above
and below Ellensburg were 70 mg/kg and 102 mg/kg Zn and .146 mg/kg
and .108 mg/kg Hg. These concentrations, as well as the Ph concen-
trations mentioned above, are within the same range as background
heavy metals concentrations in other parts of central and eastern
Washington.

The questions raised by the Washington State Department of Game's
unsuccessful attempts to establish trout in Wilson Creek beow
Ellensburg are addressed in Table 3 which shows the ranges and
means for selected water quality parameters measured at stations
34-38. These data indicate that this two-mile reach of the creek
should be a suitable habitat for trout. Parameters important to
the maintenance of healthy fish populations were usually within
acceptable criteria limits during the period studied. Exceptions
to this are noted in the table for temperature and total Hg. The
20°C maximum temperature was recorded only once (station 35 in
July 1979). Two of 18 water samples contained 0.30 pg/1 total Hg.
It should be noted that the method's minimum detection limits were
not sensitive to levels approaching the protfection criteria for Hqg
(0.5 ug/1 for freshwater). The problem of evaluating heavy metals
concentrations having Tow suggested levels of protection relative ¥
to analytical detection limits has been noted by other researchers

In spite of the seemingly adequate water quality in Wilson Creek, a
1978 spring-through-fall Department of Game survey!? of the creek's
fish and benthic invertebrate populations in the vicinity of sta-
tions 34-36 found trout absent, although ample invertebrate popu-
Tations and several species of rough fish (suckers, squawfish,
shiners, etc.) existed.

The Tower reaches of other creeks in Wilson Creek drainage have
trout and support a small sport fishery. The data collected in

this study do not show why lower Wilson Creek is unable to support
a similar fishery. Solution of this problem requires more study.

Schaake Feedlot/Twin City Foods Sprayfield Runoff.

Water quality data pertinent to the impact of Schaake feedlot and
Twin City Foods sprayfield on Wilson Creek via Tjossem Ditch are
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found in Table 4. Fecal coliforms were significantly higher in
samples from below both the feedlot and the sprayfield. These
levels, however, were not greatly above Class A standards and
returned to low Tevels prior to Tjossem Ditch meeting Wilson Creek.
Other parameters measured remained essentially unchanged through-
out the length of the ditch. MNo reduction in water quality was ob-
served below Twin City Foods sprayfield during the fall vegetable
processing season. Comparison with the data tabulated for Wilson
Creek shows Wilson Creek's quality to be inferior in a number of
respects.

In the event of feedlot or sprayfield runoff to Tjossem Ditch, it
is probable that Tjossem Pond at the end of the ditch would reduce
the impact to Wilson Creek by acting as a detention basin,

Although Tjossem Ditch did not impact Wilsow Creek, the dike aroond
the wnste Tagoon at the epst end oF Schauke feedlot is subject tO
occasional failures which allow cattle wastes to reach the creek.
In May 1978 and again on June 19, 1979 the lagoon was observed
overflowing its banks, contaminating Wilson Creek. The June dis-
charge, estimated at 5 gpm, was sampled as it entered Wilson Creek
after transit of a brush-choked slough. Selected analytical re-
sults were as follows: specific conductivity, 760 umhos/cm; COD,
810 mg/1; D.0., 0 mg/1; fecal coliforms, >4,000 colonies/100 ml;
total Kjeldahl-nitrogen, 34 mg/1; NH3-N, 17 mg/1; 7-POg-P, 6.6
mg/1. Diking around this lagoon should be improved to contain
wastes under ull Flow und groOndwpter regimss

E1lensburg STP Sludge Disposal.

Data from field measurements and water and sediment samples taken
above and below Ellensburg STP's sludge disposal site along Wilson
Creek are presented in Table 5. The reason for elevated to:al
Kjeldahl-nitrogen above the STP at station 35 is not known. With
this exception, analytical results from samples collected below the
disposal area were almost indistinguishable from results of those
taken above. It is apparent that the STP's sludge disposal prac-
tices were not measurably influencing water quality in Wilson Cresrk
during this study.

Ellensburg STP wasted an average of 237,000 gallons of sludge per
month in 1979. Currently all sludge is being disposed of on nearby
Twin City Foods sprayfield. Sludge-drying lagoons are presently
being built in the five-acre site behind the STP formerly used for
sludge spraying. Spray irrigation of sludge will be discontinued
after construction is completed.

Kittitas STP Effluent.

Water quality data from stations on Cocke Creek above and below the
Kittitas STP outfall are summarized in Table 6. Cooke Creek was
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Tow in quality even above the outfall. Further degradation of its
waters was evident for a numher of parameters at station 16 located
approximately 100 feet below the discharge pipe.

Temperature and pH changed very little. Specific conductivity,
harcgness, and alkalinity increased slightly, but remained within
the range observed in other nearby creeks. The memn COD below the
outfall, 27 mg/7, was the highest mean value measured in the drain-
age and some evidence of D.0. depression was indicated. Dissolved
oxygen concentrations at station 16 were found to be in violation
of the Class A standard 30 percent of the times measured, with a
minimum of 5.1 mg/1 being detected. The point of madnmum D.0. <ag
downstream was not determined.

The major STP eff luent impacts were seen in increased concentra-
tions of fecal coliforms and nutrients. The coliform content of
these waters was among the highest in the drainage. A qualitative
test for human bacterial pathogens, mentioned previously, confirmed
the presence of Staphylococeus aureus and Pseudomonas aeruginosa.
In-stream residual chlorine was detectable (DPD method) on two
occasions. These concentrations, 0.2 mg/! and 0.3 mg/1, were
considerably in excess of levels harmful to aquatic life.

Nutrients concentrations increased significantly below the outfall,
especially NH3~N and T-P0Og-P. Un-ionized ammonia did not, however,
reach levels toxic to stream life,

Suspended solids and turbidity, the final parameters in Table 5,
were not significantly impacted below the ocutfall.

Additional signs of poliution from insufficiently treated sewage
discharged to Cooke Creek were the Sphaerotilus ("sewage funqus')
growths and sewage odors evident beow the outfall during most
sample collections.

As noted elsewhere in this report, Cooke Creek is diverted into
Town Canal below the Kittitas STP from mid-April to mid-October.

Groundwater Quality.

Table 7 shows the static water Tevels (SWL) measured in each well
monitored within the Grasslands-Birchwood area and illustrates the
effect irrigation has on private wells. The shallow wells are
hydraulically connected to nearby canals and ditches used for
irrigation. When Town and Cascade canals were drained in October,
water levels declined, even to the point of drying in one case
(well 005), depending on their depth. According to residents, this
process takes five to seven weeks from time of drainage. During
the period of measurement, almost complete recharge wes observed to
occur within three weeks.

The water table is only about 18 inches deep during the irrigation

season.!3 Also, the interdicting of drainage ditches by roads
constructed in the Grasslands development has caused localized
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spring and summer flooding. Additional construction impairing
drainage can be expected to cause similar flooding and may result
in septic tank back-ups or water level changes 1in nearby wells,
depending on gradient from construction.

The deeper wells are not affected as much by the canals. However,
depending on the surface casing and seal, these wells are still in
hydraulic continuity with surface waters. One of these, the 73~
foot Simpson well (009) has been cased and sealed. Although
located very close to Town Canal, SWL in this well is 20+ feet
below land surface datum (LSD). Other shallower and some deeper
wells in the area may have water levels of 2 to 8 feet below LSD
during the irrigation season and 5 to 21 feet during winter and
early spring. Both the Ackler (008) and Simpson wells show a more
delayed reaction to recharge than do any of the other wells,
probably because of their depth and manner of construction.

The results of analyses of water quality samples collected from
these wells are summarized in Table 8 and compared to criteria for
drinking water. While groundwater was moderately hard throughout
this area and iron concentrations often above the 0.3 mg/1 objec-
tionable taste threshold®, the overall quality of the domestic
wells was within drinking water quality standards.

As expected, the shallow irrigation wells (003, 004, 005) were
much more susceptible to contamination than the better sealed and
cased domestic wells. Wells of this type are fit for irrigation
purposes only.

There was a tendency for total coliform counts to be greatest
during periods when irrigation well water levels were highest.
This trend was also seen i~ some of the deeper wells.

No reduction in Town Canal water gquality was observed between
stations 11 and 41 on either side of the groundwater study area

SUMMARY AND CONCLUSIONS

The major findings from this 1978-1979 study of surface water and
groundwater quality in Kittitas Valley's Wilson Creek drainage can be
summarized as fol lows:

1.

Return Flows from Irrigated Agriculture.

-~ The lower reaches of Mercer, Wilson, Naneum, Coleman, Cooke,
and Caribou creeks are diversions of Cascade Canal from
approximately mid-April toc mid-October. The same is true
of Cooke Creek below Town Canal.

-~ Temperature, pH, and D.0. were generally within Class A
standards in Wilson Creek and its tributaries.

-~ Specific condyctivity and alkalinity were within acceptable
ranges for use as irrigation water and for protection of
aquatic life,

2i




Water hardness ranged from soft in the upper creeks to moder-
ately hard in the lower drainage.

Highline Canal and creek waters above Hightine met Class A
fecal coliform standards.

The greatest fecal contamination was seen in the middle drain-
age with all waters sampled below Highline Canal in violation
of the Class A coliform standard. Wilson Creek drainage was

contributing water high in fecal bacteria to the Yakima River.

NO3-N and T-POg4-P were uniformly low in the upper creeks,
Highline Canal, and in Cascade and Town canals where these two
first enter the drainage.

Maximum NO3-N and T-PO4-P concentrations were found in the
Tower drainage. Mean NO3-MN concentrations increased 50 to
100-fold over upper creek levels; T-P0,-P increased about 3-
fold.

Ammonia-nitrogen and nitrite-nitrogen were low in the majority
of samples analyzed.

Mean turbidity in Wipple Wasteway and at the mouth of Wilson
Creek violated the Class A turbidity standard. Periodic
violations of the turbidity standard were also observed in
other creeks in the lower drainage and in Schnebly Creek and
mddle Coleman Creek.

Maximum suspended solids concentratious were found in the
lower drainage. The grab sampling method employed probably
underestimated these concentrations.

NO3-N, T-P04-P, and suspended solids loadings were estimated
for the terminal portion of the drainage for the period March-
July 1979. Loadings were low in Wilson Creek prior to its
confluence with Naneum/Coleman Creek. Below this confluence,
nutrient loading in Wilson Creek was similar to that in Cherry
Creek., Cherry Creek's suspended solids load, however, in-
creased to as much as 15 times Wilson's load in the early
summer. Nutrient and suspended solids loading in Wipple
Wasteway prior to its confluence with Cherry Creek, was Tow
relative to the above creeks, but on a yield-per-drainage-area
basis may be the most significant.

NO3-N, T-POg-P, and suspended solids loads at the mouth of
N"i?son Creek represent a significant increase in loading for
the Yekima River.

A trend was observed toward higher fecal coliform and suspended
solids concentrations during the irrigation season. NO3-N and
T-P0Og4~P concentration were highly variable at all times of the
year.
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The largest sources of fecal contamination were livestock
pastured in the middlie drainage between Cascade and Highline
canals.

The most significant sources of NO3-N, T-POg4-P, and suspended
solids were the extensive row-cropped land in the central and
eastern portion of the lower drainage.

Creeks flowing through non-irrigated rangeland above Highline
Canal met all Class A standards and were low in nutrients and
suspended solids.

Wide variations in pollutant concentrations and flows within
the same short stretch of creek and between adjacent irriga-
tion return flows make description of drainage water quality
from 1imited numbers of stations difficult.

Management strategies for improving water quailty in Wilson
Creek drainage are available.

Ellensburg Urban Runoff

The data are not adequate to isolate urban rynoff impacts to
Wilson Creek water quality.

Water quality at stations on Wilson Creek beloW Ellensburg was
among the best of all stations sampled on the irrigated valley
floor. Urban runoff impacts are. therefore, not thought to be
substantial.

The water quality parameters measured in this study do pot

explain the absence of trout in Wilson Creek below Hlensburg.
More study of this problem will be required.

Schaake Feedlot/Twin City Foods Sprayfield Runoff.

Median fecal coliform concentrations were slightly above Class
A standards in Tjossem Ditch below Schaake Feedlot and in the
vicinity of Twin City Foods sprayfield.

Neither Schaake feedlot nor Twin City Foods sprayfield were
observed to adversely impact Wilson Creek water quality
through surface runoff into Tjossem Ditch.

Schaake feedlot's waste lagoon is subject to occasional fail-

ures which allow cattle wastes to flow into Wilson Creek. Im-
proved diking around the lagoon is needed

Bl Tensburg STP Sludge Disposal ,

Ellensburg STP's sludge disposal practices were not impacting
Wilson Creek during periods sampled in this study.




Kittitas SIP Effluent.

- Kittitas STP efflyent was significantly degrading water

quality in Cooke Creek with respect to fecal coliforms,
nutrients, and aesthetics.

Groundwater Quality.

-~ Weils in the Grasslands-Bircyygod development area are hy-
draulically connected to nearby irrigation canals and ditches.

-~ . Constructioy impairing drainage is likely to cause localized

flooding, septic tank hack-ups, and changes in we’l water
levels.

Water in the domestic wells meets 4rinking water standards

--  The shallow irrigation wells contain water of poor bacterial
quality and are fit for irrigation purposes only.
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FIG.7 Mean total suspended solids concentrations in Wilson Creek drainage, July - October 1878 and May - July 1879
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Table 1. Water quaﬁtya during the 1978 and 1979 irrigation seasons at selected surface water stations in Wilson Creek zrainage,
July-October 1978 and May-July 1979.

Specific Total Total Total Ammoniz-  ditrite- Nitrate- rotal Phosphate- Total
Conduc- Hardness, Alkalinity, Fecal Kjeldahl- nitrogen ritrogen nNitrogen phosphorus Suspended
Station Tem. tivity as CaCO3 as CaCO3 €00 0.0. Coliforms nitrogen NH3-* W0 ,-N NOz-N T""O%'P Turbidity Sol ids
S r—S+te(s ) Number  (°C) M (umhos/em)  {mg/1) (%) (mg/1) _{mg/1) (co1/100 ml) (mg/1) T~/ =11 {mg/1) (mg/1) (NTU) {mg/1)
Upper Creeks 6,7,19, 12.0 7.6 81 4 £0 8 9.6 17 21 .02 -0 .0 .06 2 4
20
highli~e Canal
irput ] 12.3 7.2 46 24 19 6 12.3 3 .25 .02 <.01 .01 .03 3 6
Middle 18 13.9 7.3 47 28 19 5 10.6 11 N .02 <.01 .02 .03 3 6
En 23 13.3 7.3 47 29 18 € 10.3 11 1 .oz <.01 .01 .04 3 &
Middiz Lreeks 5,10, 14.3 7.7 173 81 80 17 9.4 1,150 .44 .04 <.01 .24 e 5 19
12,14,
25
2 13.0 7.3 69 35 33 g 10.3 150 .29 .02 <,0 .02 .04 3 4
13 15.8 7.8 206 101 96 20 10.2 1,300 .68 .04 <.01 15 .15 6 12
8 14.3 7.6 196 88 85 15 8.7 980 .73 .06 <.01 .51 13 12 33
Towr Canal
Ingut 3 12.6 7.2 86 41 40 8 10.3 200 .31 .02 <.01 .02 .04 4 12
Higdle 1 13.9 7.6 88 51 39 8 10.6 200 .23 .02 <.01 .02 .06 4 8
> End 26 13.9 7.7 323 134 141 18 9.2 510 .64 .05 <.01 .46 .18 6 21
w
Lower saneum, 27.28, 13.8 7.8 229 104 103 17 9.7 830(480b) .66 .05 <.01 .67 .15 7 29
Colermen, Cooke, 29,30,
Caripou. Park, 31,40
Crecks
Lower €ilson 34 4.4 7.9 186 89 82 10 10.7 360 .32 .03 <.01 12 N 3 5
Creek
Wipple Wasteway 3¢ 14.4 7.8 285 121 124 17 9.8 440 .50 .05 <.01 1.10 .16 10 42
Wilson Creek
Mouth 33 13.8 7.8 261 121 114 12 10.4 440 .49 04 .01 75 17 g 35
Yakima Riverw T-1 14.2 7.6 71 39 33 8 9.9 28 .18 .0z <.01 .03 .04 3 2

&, . N . .

“Geometric means except coliforms which are ~medians.

bExc’.udinq station 28 on Caribou Creek.

“Yakima River diversion to Tjossem Ditch at river mile 13:.2, 5.2 miles upstream from Wilson Creek confluence.



Tabl

e 2. Niirate-nitrogen (N03-N}, total phosphate-phosphorus {T-POg~P), and total suspended solids (7SS) loadings for lower Wilson Creek,

Cherry Creek, Wipple Wasteway,

and the Yakima River, March-July 1979.

Wilson Creek

above Naneum confluence

(Station 34)

Wilson Creek
above Wipple Wasteway
(Station 42}

Cherry Creek
(Station 44)

Wipple Wasteway

above Cherry Creek confluence

(Station 45)

Wilson Creek mouth

at Yakima River

(Station 33)

Yakima ﬁx’vera

above ¥ilson Creek confluence

~lo WN93—?! +02? 7SS ~low N03-N 7—?04-P TSS ~1lo W’e‘OS-N T—POA—P 788 F]nwd NOQ—N T—PGQ-P 7SS Flow® NO}-N T*POA—P TSS Flow .'<33—“\' T—DOA-P 158
Date (mgd) {pounds per day) (mgd) {pounds per day) (mgd) (pounds per day) (mgd) (pounds per day} {(mgd) (pounds per day) (mgd) {pounds per day)
3713 10.7 17 8 8%0  93.1 233 47 15,800  25.2 200 23 4,200 8.8 132 13 294 127 827 - 21,200 2,410 -- - -
4718 3.8 6 2 220 89.2 116 97 30,500 22.6 124 28 9,610 7.9 1z -~ 7,810 120 <~ 519 110 36,900 1,780 -- - --
5/0% 31.5 55 89 3,150 145 242 483 56,800 32.3 256 148 12,800 11.3 76 41 5,660 189 926 628 87,900 2,550 -- 5,530 128,000
5722 27.1 23 25 1,810 116 330 146 17,500 32.9 521 82 11,000  11.5 106 -- 6,330 160 1,270 215 42,900 2,760 460 -~ 230,000
6/05 32.4 43 30 1,350 114 304 104 7,590  34.5 374 58 8,920 12.1 101 22 7,270 161 1,190 254 56,200 3,320 554 1,100 471,000
S
=
6/19 -~ - -~ - 130 163 152 8,750 59.5 - 79 35,200 20.8 153 31 16,100 210 1,240 316 91,200 3,020 252 1,000 151,000
7 - - e e 126 904 126 4,210 66.3 670 -~ 67,000 23.4 195 6 13,500 216 1,750 379 148,000 5,720 954 1,430 668,000
a. Flow Zate from USGS gaging station at Umtanum corrected for contribution from Wilson Creek 6 miles upstream;

~. D0 gaging.

data from Yakima River diversion to Tjossem Ditch (station T-1}.

Zureau of Reclamation gaging station.

Estimated as 355 of Cherry Creek flow (personal communication Onni Perala, Bureau of Reclamation).

sum 0f flows at stations 42, 44, and 45.

water quality



Table 3. Ranges and means for Wilson Creek water quality data at stations 34-38
below Ellensburg, July 1978 - July 1979, compared to criteria for
protection of salmonids.

Parameter Minimum Maximum Mean Salmonid Protection Criteria®
Temperature (°C) 0.0 20.0 12.7 18.0 (maximum average weekly)
9.0 (spawning)
pH 6.3 8.8 7.9 6.5 - 9.0
D.0. {(mg/1) 8.5 14.3 11.5 >7.5
Un-ionized ammoniab - .002 - <(.02
Nitrite-nitrogen, NOZ-N <. 01 01 <.01  <0.06
(mg/1)
Total Suspended Solids 1 70 8 <25  (high protection level)
(mg/1) <80  (moderate protection level)
Alkalinity as CaCO3 57 150 81 >20
(mg/1)
Total lead (ng/1)¢ <10 <50 <40 <25 (at 75 - 150 mg/1 hardness)
Total mercury (ng/1)¢ <. 20 .30 <.20  <.05
Total zinc (uq/1)c <10 <10 <10 <50  {(at 75 - 150 mg/1 hardness)

4Sources:  National Academy of Sciences. 1972. Water Quality Criteria - 1972.
U.S. Environmental Protection Agency. 1976. Quality (‘riteria for Water.
American Fisheries Society. 1979. A4 Review of the EPA Red Ronk: Guality
Citeriafor water.

bTotaT ammonia-nitrogen is abbreviated as NH%-N in this report but actually

consists of ionized and un-ionized ammonia (NH, + NH,+)}. The maximum level
of these two forms was calculated from data on tempe%ature, pH, and total
ammonia-nitrogen.

‘Metals data July - September 1978.
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Table 4. Tjiossem Ditch and Wilson Creek water quality dataa, July-September 1978 and May-July 1979.

Total
Total Anmonia- Nitrate- Phosphate- Total

Specific Fecal Kjeldahl- nitrogen nitrogen phosphorus  Sus.
Station Station  Temp. Conductivity QD D.O. Coliforms nitrogen NH3-N H04-N T~'|307'p Solids  Turb,
Location Number  {°C) pH (umhos/cm)  {mg/1)  (mg/1) (col/100 m1)  (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)  {(NTU)
Yakima River T-1 14.2 7.6 71 8 9.9 28 .18 .02 .03 .04 8
Diversion
Below Schaake T-2 14.3 7.4 74 g 10.2 128 .23 .04 .03 .04 7 3
Feedlot
Yakima River T-3 14.0 7.4 75 7 9.7 220 .26 .04 .03 .04 7 3
Return
Above Tjossem T-4 15.2 7.6 74 6 10.2 190 .25 .03 .03 .03 5 3
Pond
Below Tjossem T-5 17.5 8.1 112 7 10.1 28 .29 .03 0l .04 4 3
Pond
Wilson Creek 34 14.4 7.9 186 10 10.7 360 .32 .03 .12 ae 5

above Tjossem

Ditch Confluence

a . . . .
Geometric mean except coliforms which are medians
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Table 5. Wlson Creek water quality and sedinment dat a® for stations above and bel ow El| ensburg STP sludge di sposal

site, July 1978-1979

b

o Tot al Tot al Tot al
_ ' Specific Har dness, Atkatinity, Fecal Kjeldahl-
Station Station Tenp. Conductivity as CaCO3 as Caco3 CoD D.0. Qol iforms nitrogen
Locati on Nunber {°c) pH (umhos/cm) (mg/1) (mg/1) (ma/1) {mg/1) (co1/700 m1) (mg/1)
Above Sl udge 35 10.7 7.9 83 80 9 12.6 400 .68
Disposal Slte
Bel ow Sl udge 36 10.7 8.0 88 80 9 12.3 280 .40
Disposal S te
Tot al
Ammoni a- Nitrate- Phosphat e- Tot al ' ' .
' nitrogen nitrogen phosphor us Suspended o Sedi nent Sedi nent Sedi ment
Station Station NH3-H HO,-N T-PQ, P Sol i ds Turbidity Pb Hg Zn
Location Nurber (mg/1) (md/1) (mg/1) {mg/1) (NTU, (mg/kg) (mg/kg) {mg/ka)
Above Sl udge 35 .05 .14 1 6 3 <50 <. 20 <10
Disposal Site
Bel ow Sl udge 36 .05 .15 . 6 3 <50 <.20 <10

Disposal Ste

Geometric neans except coliforms which are medians.
OSediment data Jul y- Sept enber 1978 only.
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Table 6. Cooke Creek water qualit data® for stations above and beiow kKittitas STP, July 1978 - July 1979.
q y

Total Total
Specific Hardness, Alkalinity, Fecal
Station Station Temperature Conductivity as CaCo, as CaC0, Cob D.0. Col iforms
Location Number (ec) pH (umhos/cm) {mg/1) {mg/1) (ma/1) {(mg/1) (co1/100 ml)
106 ft. above 15 13.5 8.1 228 107 108 19 9.7 890
STP outfall
100 ft. below 16 13.3 7.8 271 120 124 27 8.7 1,200
STP outfall
Total
Total Ammonia- Nitrite- Nitrate- Phosphate- Total
Kjeldahl - nitrogen, nitrogen, nitrogen, phosphorus, Suspended
Station Station ni trogen, NH3-N NO,-N NO-N T-P0q-P Sol ids Turbidity
Location Number {mg/1) (mg/1) mg/1) (mq%) {ma/1) (mg/1) {(NTU)
100 ft. above 15 .63 05 .01 13 z 14 6
S™? outfall
100 ft. below 16 .83 .28 .01 .20 .37 17 7
STP outfall

*Geometric means except coliforms which are medians.
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Table 7. Static water |evel rTeasurementsal of domestic and irrigation wells in the G asslands-Birchwood
devel opnent area near Ellensburg, July 1978 - July 1979.

Well #0071 WIT 7002 Well #003  VMI1 #004  VEIT #005 WEIT #006 WIT #007 Well #008 Well #009

Appr ox. 50 -- 6 18 8 50 75 60 73

Depth (feet)

Type Domestic Donestic Irrigation Irrigation Irrigation Domestic Domestic  Po™estic  Domestic

Oaner Thonpson Hazlett Gilmour Hughes Nielsen Fost er H cks Ackler Simpson

Date Sanpl ed Static Wter Level Measurements®

07/26/78 3.9 d -- 4.0 2.2 b - 5.8 - -
(3.0)

08/ 09/ 78 . . (3.9)" - . 7.3 - 8.7 20.2

08/23/ 78 4.0 - - 3.1 (3.5)° - 6.0 - .-

09/20/78 4.5 . 1.2 31 3.5 8.1 £ 7.9 20.5

Week of 10/16/78 - Started to drain Cascade and Town canal s
b

10/25/78 (4.9) - 1.5 3.7 3.6 8.1 6.0 6.0 20.3
12/11/ 78 5.2 - 2.7 6.3 dry (11.1)° 8.1 (25.8)° 215
01/ 24/ 79 7.3 . 5.6 8. 4 dry - 10.1 10.2 23.1
03/22/79 4.4 - 31 9.5 dry 15.8 10.6 11.8 23.2
04/ 18/79 - - 3.0 11.0 dry 21.5 12.1 10.3 24.5

Week of 04/16/79 - Started to fil1 Cascade and Town canal s

05/ 08/ 79 - - 2.5 7.5 1.6 9.6 6.9 19.8 26.0
06/06/79 - - 1.6 4.2 2.1 - (13.0)° 156 20.0
07/ 11/ 79 33 - 1.8 3.9 2.2 .- 7.1 8.1  (26.7)°
41n feet fromland surface datum(LSD). “Casing now extends about 2 feet above LSD.

Baster recent punpi ng. 9ot accessible. water quai ity sanples taken only.
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Tabie 8. Well water qua]itya in the Grasslands-Birchwood development area near Ellensburg, July 1978 - July 1979

Well #0017 Well #002 Well #003  Well #004-— Well €005 —Well#006 Well #007 Well #008 Well #009

Approx. 50 - 6 18 8 50 75 60 73
Depth (feet)

Type Domestic  Domestic  irrigation |Irrigation |Irrigation Domestic = Domestic Domestic  YOMestjc Dl\pliglléirng
Owner Thompson Hazlett Gi Imour Hughes Nielsen Foster Hicks Ackler Simpson  Criteria
Temperature {°C) 11.8 10.7 10.5 12.0 12.6 10.7 10.9 11.0 12.1

pH 6.9 7.0 6.9 7.2 7.6 7.1 7.0 £.9 7.1 5.0 - 9.0
Specific Conductivity 203 242 299 554 346 403 422 267 262

{~mhos/cm)

Turbidity (NTU) 5 2 41 1 2 2 8 29 3 5

Total Coliformsb 2 <1 20 115 30 1 <2 <3 1 4 col/100 ml
{co1/160 mi)

Fecal Col iforms® < <1 <2 <l ] < a < .

{col/100 m1)

Nitrate-nitrogen, <.02 1.2 <,02 2.5 1.5 .66 .31 .14 AT 10 mg/1
NO3—N {mg/1)

Nitrite-nitrogen, <.01 <. 01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 1 mg/l
NO,-N (mg/1)
Ammonia-nitrogen, .01 .04 .09 .02 .03 .06 .02 .04 <.02 .5 mg/1
NH3-N (mg/1)

Total phosphate- .04 .07 .14 .20 .78 1 .03 .07 10

phosphorus, T-P0,-P

{mg/1}

Total Hardgness, 104 AR 138 223 156 180 184 121 117

as CaC0, {mg/1)

Total Alkalinity, 106 107 139 185 146 182 200 122 117 400 mg/1
as CaC0, (mg/1)

Chicrides (mg/1) 3 2 7 35 6 3 2 2 1 250 mg/1
Calcium Hardness 100 97 127 178 152 172 187 110 103

{mg/1)

Total Iron img/l) 1.4 <.05 6.3 <.02 .56 .06 76 2 .19 .3mg/l
34ri thmezic means except col iforms which are medians.

bSources: Department of Social and Health Services, Washington State, 1978. Rules and Regulations of the Stazz Zoard of Health Regarding

Public Water Systens.
U.s. Environmental Protection Agency, 7976. Qual<ir. Criteria For \Mter.

National Academy of Sciences, 1972. Water Qualizy Iriteria - 1972.
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APPENDIX A

Washington State Water Quality Standards
for Class A Waters*

(X) <CLnass A (EXCELLENT).

{(a) General Characteristic. Water quality of this class
shall meet or exceed the requirements for all or sub-
stantially all uses.

{b} Characteristic Uses. Characteristic uses shall include,
but are not limited to, the following:

(i)
(11)

(iii)

Water supply {(domestic, industrial, agricultural).
Wildlife habitat, stock watering.

General recreation and aesthetic enjoyment (pic-
nicking, hiking, fishing, swimming, skiing, and
boating) .

Commerce and navigation.

Fish and shellfish reproduction, rearing, and
harvesting.

{(c) Water Quality Criteria.

(1)

(i1)

(iii

Fecal Coliform Organisms

(A} Freshwater - Fecal Coliform Organisms shall
not exceed a median value of 100 organisms/100
ml, with not more than 10 percent of samples
exceeding 200 organicsms/100 ml.

{B}) Marine water - Fecal Coliform Organisms shall
not exceed a median value o©f 14 organisms/100
ml, with not more than 10 percent of samples
exceeding 43 organisms/100 ml.

Dissclved Oxygen.

{(pn) Freshwater - Dissolved oxygen shall exceed
8.0 mg/l.

(B} Marine water - Dissolved oxygen shall exceed
6.0 mg/l, except when the natural phenomenon
of upwelling occurs, natural dissolved oxygen
levels can be degraded by up to 0.2 mg/l by
man—-caused activities.

Total Dissclved Gas — the concentration of total
dissolved gas shall not exceed 110 percent of
saturation at any point of sanple collection.

*From Chapter 173-201 WAC - Water Quality
Standards for Waters of the State of
Washington (1/17/78) 33 p.
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(iv)

{v)

(vi)

(vii)

{viii)

Temperature ~ water temperatures shall not coxceed
18.0° Celsius (freshwater) or 16.0° Celsiug
(marine water) due to human activities. Tenpcra-

ture increases shall not, at any time, exceed t
= 28/(T + 7} {(freshwatex} or t = 12/(T - 2)
{marine water).

When natural conditions exceed 18.0° Celsius
(freshwater) and 16.0° Celsius (marine water), no
temperature increase will be allowed which will
raise the receiving water temperature by greater
than 0.3° Celsius.

For purposes hereof, "t" represcnts the permissive
temperature change across the dilution zone; and
"T" represents the highest existing temperatuxe IN
this water classification outside of any dilution
zone.

Provided that temperature increase resulting from
nonpoint source activities shall not exceed 2.8°
Celsius, and the maximum water temperature shall
not exceed 18.3° Celsius (freshwater). ‘

pH shall be within the range of 6.5 to 8.5 (fresh-
water) or 7.0 to 8.5 (marine water) with a man-
caused variation within a range of |ess than 0.5
units.

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

Toxic, radiocactive, or deletericus material con~
centrations shall be below those of public health
significance, or which may cause acute or chronic
toxic conditions to the aquatic biota, or which
may adversely affect any water use.

Aesthetic values shall not be impaired by the
presence of materials or their effects, excluding
those of natural origin, which offend the senses
of sight, smell, touch, or taste.
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APPENDIX B
Kittitas Valley Surface Water Station Descriptions

Station
Number — Location
1 Highline Canal at Reecer Creek Road
2 Cascade Canal at Reecer Creek Road
3 Town Canal at Reecer Creek Road
4 Mercer Creek at Bender Road
5 Wilson Creek at Sanders Road
6 Wilson/Naneum at Ferrell Road
7 Naneum Creek above Wilson Creek Confluence
8 Cascade Canal at Bock Road
9 Schnebly Creek at Fred Schnebly Road
10 Naneum Creek at Game Farm Road
11 Town Canal at Pfenning Road
12 Coleman Creek at Watson Road
13 Cascade Canal at Denmark Road

14 Cooke Creek at MNo. 81 Road
15 Cooke Creek about 100 feet above STP Qutfall
16 Cooke Creek about 100 feet below STP Qutfall

17 Caribou Creek at East Kittitas Road

18 Highline Canal at Cooke Canyon Road

19 Coleman Creek at Coleman Creek Road

20 Cooke Creek at Cooke Canyon Road

21 Caribou Creek above Highline Canal at Diversion
22 Park Creek at Stevens Road

23 Highline Canal at Park Creek Siphon-Boystron Road
24 Badger Creek at Clarat Road

25 Badger Creek at Parallel Road

26 Town Canal at Coleman Road

27 Park Creek at Ferguson Road

28 Caribou Creek at Ferguson Road

29 Cooke Creek at Ferguson Road

30 Naneum Creek at No. 6 Road

31 Coleman Creek at No. 6 Road

32 Wipple Wasteway at Thrall Road

33 Wilson Creek above Yakima River Confluence
34 Wilson Creek at Tjossem Road

35 Wilson Creek above Ellensburg STP

36 Wilson Creek below Ellensburg STP

37 Wilson Creek at Kittitas Highway

38 Wilson Creek at Damman Road

39 Mercer Creek at Anderson Road

40 Naneum Canal at No. 6 Road

41 Town Canal at Ferguson Road

42 Wiltson Creek at Thrall Road

43 Reecer Creek at Damman Road

44 Cherry Creek at No. 6 Road

45 Wipple Wasteway at Thrall Road

T-1 Tjossem Ditch at Yakima River Diversion
T7-2 Tjossem Ditch below Schaake Feedlot

T-3 Tjossem Ditch at Yakima River Return
T-4 Tjossem Ditch at Canyon Road

Tjossem Ditch below Tjossem Pond




Appendix €. Geouetric means® and ranges for Wilsen Creek drainage surface water guality parameters measuved July-October 1978
and May-Jduly 1979,

T T Total " Yotal -
Specific Hardness Alkalinity Fecal
Sampling Station Temperature Conductivity Catls Cal03 cop 0.0, Coliform
Site Number (°c) pt (pnhos/cm) (ma/1) (mg/1}) {rg/1)  {ma/1)  (Col/log ot}
Highline Canal 1 12.3 7.2 46 24 19 & 2.3 3
6.0-16.0 6.6-7.8 40- 59 18-32 14-75 415 11.3-14.7 1-55
Cascade Canal 2 13.0 7.3 69 35 i3 9 10.3 150
8.0-18.0 6.5-8.1 60-91 25-46 28-73 4-15 g.2-11.8 37-300 .
Town Cana 3 12.6 7.2 86 41 40 8 10.3 200
7.0-17.0 6. 57.6 74101 33-52 33-5% 4-19 g.2-11.7 801,500
Mercer Creek 4 13.2 7.5 104 52 5% 12 9.9 325
6.2-20.0 6.5-8.3 73-178 30-116 34113 441 7.8-12.1 140-1,600
Wilson Creek 5 12.5 7.3 134 63 63 14 8.9 1,400
6.0-18.0 6.3-7.8 102-183 47-88 4993 7-23 6.3-11.0  320-6,800
Wilson/laneum Creek 6 0.0 7.4 74 38 37 10 10.0 20
’ 5.0-17.0 6.0-7.9 56-91 28-52 27-61 4-34 7.2-12.0 4-73
Haneum Creek 7 9.0 7.5 74 35 35 8 10.0 9
4.0-17.0 6.6-8.0 58-91 28-48 27-43 4-22 7.1-12.3 1-76
Cascade Cana 8 14.3 7.6 196 88 85 15 8.7 986
10.5-17.5 7.1-8.2 168-266 68-120 67-110 £-32 7.6-10.6  250-4,100
Schnebly Creek g 15.0 7.8 243 113 1k 26 8.8 1,195
7.0-20.0 7.0-8.5 187-320 76-168 B1-157 15-51 6.0-11.5 110- 10,000
Haneun Creek 10 13.0 7.5 108 58 57 16 9.2 1,128
6.0-19.0 7.0-8.0 68-105 44-92 32373 B-23 7.8-11.0 60-20,0%0
Town Canat 1y 13.9 7.6 88 50 39 8 0.6 200
9.9-18.0 6.9-8.2 75-103 37-73 34-36 4-1% 9.4-11.6 33-830
Coleman Creek 12 15.3 7.7 242 109 M 23 9.5 1,800
3.0-70.0 7.3-8.3 201-300 87-132 94-137 448 B.5-11.7 330-4,800
Cascade Canal 13 15.8 7.8 206 101 36 20 10.2 1,300
10.0-2D.0 7.3-8.5 168-230 77-120 83-110 4-49 5.0-15.0 130- 4,000
Cooke Creek 14 16.3 8.2 192 91 91 . ¥ 9.6 470
9.0-22.0 7.5-8.8 Y22-252 60-124 56-135 4-4% 8.5-11.4  250-1,900
Cooke Creek 15 15.4 8.1 223 105 106 22 9.3 1,450
8.0-20.5 7.4-8.9 186-267 84-128 85-142 4-49 7.4-11.7 600-9,200
Cooke Creek 16 14.9 7.7 232 123 127 28 8.7 1,250
9.5-20.5% 6.9-8.7 197-390 88-160 86-189 19-45 5.1-8.9 20-40,000
Caribou Creek 17 183 7.9 228 108 104 20 9.1 1,050
11.5-22.0 7.4-8.6 168-324 80-136 74-151 4-37 7.2-10.8  680-1,800
Highlire Cana 18 13.9 7.3 47 28 19 [ 10.6 1
7.0-19.0 7.0-8.0 40-54 20-56 14-29 2-26 B.6-12.6 7-24
Coleman Creek 19 14,8 7.7 82 44 42 8 .1 20
6.8-22.0 7.1-8.1 60~105 36-60 30-50 2-26 8.1-10.7 7-85
Cooke Creek 20 14.2 7.6 95 46 46 7 8.2 17
3.8-23.0 7.0-8.2 61-114 32-56 31-59 2-1% 7.8-11.8 2-120
Caribou Creek 21 13.7 7.7 240 104 14 7 9.5 68
8.9-17.5 7.2-8.2 168-349 76-140 98-180 2-19 7.5-10.7 16-290
Park Creek 22 15.4 7.0 115 51 47 20 6.1 130
8.0-25.0 6.4-7.4 64-166 28-120 31-65 12-31 3.5-9.4 21-860
tighline Canal 23 3.0 7.3 47 29 18 7 10.3 i
7.0-18.0 6.8-7.84 53-51 20-76 15-27 2-16 §.5-11.6 1-24
Badger Creek 24 13,9 7.4 178 76 78 19 g.7 630
R.0-21.5 6.%-8.0 55-297 32108 25-143 4-39 8.4-11.3 30-25%,000
Badger Creek 25 13.6 7.6 187 85 80 17 9.6 249
10.0-19.0 6.9-8.0 97-474 53-188 40-188 9-31 8. 1111 350-3,600
Town Canal 26 13.9 7.6 323 S 141 18 9.7 505
10.5-17.5 7.0-8.7 268-373 11n-180 120-160 7-28 7.1-11.5 120-1,200

3Fecal cotiforms are medians.
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Appendix C. - Continued

; g amionid - Witrites  THitvate- | Totdl Phosphate- Total
Keidam Aﬁtrogcn, nigrogen,  nitrogen, phosphorus, Suspended
Nitroqen Mo -1 RO, -1 HO -1 T-bUy-P Sotids Turbidity
ld) fed) {mg/ 1) {mg/1) BRC.T7AD B A Y Ay
.24 .03 N .01 a3 6 3
L20-.39 L01-.0/ L0101 L0 1 OV-025 343 1-30
.29 .02 .01 .02 .04 4 3
L26-,32 .01-.04 NOEN L01-.34 L02-.23 1-14 -8
L3t .02 .01 .02 .04 12 4
.30-.32 LO01-.06 L0101 .01-.10 L01-.23 4-150 1-10
.54 .02 .01 .02 .06 8 3
L44-.70 LY=L .01-.01 L01-.19 .03-.26 3-62 +-8
.34 .03 01 .02 .09 8 4
L30-.42 01-.23 L01-.00 L04-.25 .02-.34 3-18 2-1
.22 .02 .01 0 .05 4 ?
L14-.38 L01-.10 L01-.01 L0110 02-.29 2-7 1-4
16 Rii .01 .0t .05 4 2
L. 22 L01-.02 L01-.01 L01-.07 .02-.27 2-7 1-3
.73 .06 i .51 213 33 12
.48~ .95 Lg2-.27 L01-.0% L21-2. 70 .04~ 43 6-120 3-33
.68 .04 R .09 L15 24 G
.39-1.60 L01-0 1 01-.01 L01-1.40 .08-.54 4-110 130
27 .02 .01 .03 .07 7 4
18- .62 .02-.06 L01-.01 .07-17.0 03-.36 2-26 1-8
.23 .02 .01 .02 .06 B 4
L20-.27 L01- 10 01~ 01 L01-.36 03-.25 3-21 2-12
.69 i) .0 LAl 15 4} 8
.34-1.80 .02-.1 L01-.01 LH4-1.50 09-.24 8-170 2-32
.68 .04 .01 15 15 12 6
,53-1.0 L07-.09 L01-.07 LO1-.45 OD-. 46 2-65 2-21
.47 .04 .01 L2 .13 16 5
L36-.72 L02- 016 L01-.04 L01-.42 L06-.38 5-76 2-30
.63 .05 .01 0 14 16 6
L52-1.0 2= L01-.01 L01-.34 07-.46 A-20 2-23
.81 .25 .01 .23 .39 6 7
.38-1.40 L05-1.10 L01-.04 L01-1.10 13-1.10 6-58 3-20
.55 .04 Rl L33 12 17 5
.25-.88 L01-.14 .01-.; .12-.68 03-.40 6-60 3-15
N .02 .0 .02 .03 3 3
.01-.48 L01-.07 L01-.01 L01-.39 01-.20 2-33 1-26
.28 .02 .0 .01 .05 4 2
L1751 L0V- 17 L01-.0% .01-.08 02-.34 Z2-8 1-3
16 .02 .01 0% .08 2 1
.05-.50 L01-.05 L01-.01 LOY-. 05 04,32 1-6 1-7
.24 .02 Rl 51 10 3 2
L1436 RO BN L01-.01 L11-.90 06-.44 1-12 13
.55 .04 N .07 .20 3 4
A4-07 LO-030 L0V - 05 L01-.98 i-.32 1-6 -5
LIt .07 Rl .01 .04 & 3
L01-.44 L0119 LO1-. 01 Lo 00 02-.20 3-36 1-24
.57 05 .01 .24 A7 8 4
L34-1.40 G1-.18 L01-.02 .02-.98 02-.47 1-42 1-12
L43 .04 .01 .63 .15 25 5
.24-.61 L02-.13 nrooan 25-1.90 .05-.30 8-78 118
.64 D% .46 .18 21 G
L01-1.10 L07-.41 12-46 3-10
[N



Appendix C. - Continued

o Total Total
Specific Hardness Alkalinity Fecal
Sampling Station Temperature Conductivity Cal0z Calo con 0.0. Coliform
Site Humber (°c) pH {umhos/cm} — {mq/1} (qg/%) (ma/1) Amg/1) {€o1/100 ml
Park Creek 27 12.9 7.7 326 135 145 20 9.5 520
9.5-16.0 3-8.1 792-387 100-190 130-169 1-39 7.9-10.8  250-2,400
Caribou Creck 28 13.7 7.9 264 121 122 21 2.9 2,600
10.06-17.5 7.4-8.4 205-348 87-160 96--160 11-52 8.4-11.9  200-5,300
Cooke Creek 29 14.5 7.9 227 97 102 21 9.6 520
9.2-20.0 4-8.5 129-298 64-140 62-130 4-82 7.6-12.1 57-2,800
Naneuiii Creek 30 14.1 7.7 161 74 73 10 9. 340
8.0-21.0 2-8.3 127-203 60-150 60-93 4-23 7.2-1%.01 160-10,000
Coleman Creek 31 14.1 7.8 206 g7 93 17 6.1 420
10.0-19.0 3-8.3 147-273 69-140 76-137 7-54 g.1-11 .3 100-1,700
Hipple Hasteway 32 14.4 7.8 285 121 124 17 9.8 440
10.0-18.5 L2-B.8 190G-450 B4 108 91-192 7-35 B 6-11.5 0-1,200
Wilson €reek 33 14,2 7.8 261 XK 114 13 10.4 440
7.5-18.5% L 4-8.7 184-368 B7-170 867-158 4-35 9.3~12.2 98- 800
Hilson Creek 34 14.4 7.9 180 89 gz 10 0.7 360
8.0-18.0 2-8.6 146253 10-120 70-109 4-19 3.2-12.6 42-1,200
Wilson Creek 35 15.3 8.0 177 85 79 10 12.5 480
8.3-20.0 .2-8.7 127-257 63-130 65~107 427 10.4-14.3 130-3,800
Hilson Creck 36 15.2 8.1 177 86 79 10 12.0 290
8.0-19.0 .2-8.8 123-235 63-120 62-111 4-24 10.3-13.8 36-1,200
Wilson Canal 37 14.8 8.0 146 73 63 13 10.6 280
8.1-19.0 .5-8.7 109-283 57-100 56-88 4-100  10.0-12.2 33-2,900
Hitson Creek 38 14,7 7.4 21 104 94 16 9.8 820
8.0-18.0 .9-7.6 174-248 84-150 78-110 §-85 8.5-11.9  290-4,400
Mercer Creck 39 14.8 7.5 210 103 g1 1 9.6 260
8.2-18.0 .6-8.2 182-239 92-150 B84-110 4-37 8.3-11.3 120-1,300
Haneun Canal 40 13.3 7.6 191 95 85 14 9.3 805
7.0-17.0 2-8.1 163-238 76-130 70-110 4-29 8.7-10.8 83-1,800
Town €anal 41 1.2 7.6 92 47 40 8 10.6 135
10.5-18.0 9-8.3 78-103 35-52 34-45 4-15 9.3-11.6 50-200
Wilson Creek 42 14.9 8.2 213 1 100 9 11.9 325
11.0-18.0 .0-B8.7 124-230 84- 160 93-118 4-17 10.3-13.0 100-920
Reecer Creek 44 13.8 7.5 114 65 50 3 10.2 470
B8.06-17.0 1-801 100-130 44-130 43-58 §-8 9.7-11.0  140-540
Cherry Creek a1 4.2 7.9 302 141 Y38 2% 9.7 650
12.6-16.0 9-8.1 271-350 120-170 130-140 15-27 $.3-10.5  530-2,000
Wipple Wasteway 45 14.9 7.9 284 124 119 12 9.9 a50
14.0-16.0 .8-8.2 221-324 §6-140 100-130 6-23 8.4-10.8  170-1,200
Tjossem Ditch T-1 V4.2 7.6 n 39 33 8 9.9 28
8.1-18.0 .1-8.¢ 55-101 25-110 26-46 3-35 8.3-11.4 10-1,000
Tjossem Ditch 1-2 14.3 7.4 74 44 36 9 10.2 128
9.2-18.0 0-8.3 52-120 29-120 24-62 4-68 9.3-11.4 43-680
Tiossem Ditch T-3 14.2 7.4 75 44 39 7 9.7 220
9.9-17.0 .9-7.8 52-117 25-110 26-69 3-23 6.5-11.9 20-1,200
Tjossem Ditch T-4 15.2 7.6 74 43 35 & 10.3 190
12.2-19.0 L0-8.1 52-114 28-88. 26-52 3-19 8.7-12.2 60-1,200
Tiossem Ditch 1-5 12.5 8.1 112 53 52 7 10.} 28
11.5-27 .9-8.7 54-299 25-160 26-130 3-19 8.9-12.0 1680

a .
Fecal coYiforms arcl medians.

|
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Appendix C. - Continued

TTTYota T T Rammonha- Hiterte- Nitrate- Total Phosphate- Total
Kjeldahl nitrogen,  nigrogen, nitrogen, phosphorus, Suspended
fi trogen - L0p-N NO3-N T-P0y-P Solids Turbidity
{ma/l) (CITAS R (VA {ing/1) (maq/1} N .70 MEURR ¢ 1) I
.65 .05 .01 1.27 17 58 11
.29-1.50 .01-.40 .01-.01 1.0-1.80 L07-.42 12-166 2-50
N2 .06 Ry 73 17 35 7
.38-1.30 .02-.18 .01-,02 L37-3.10 0%-.52 11-240 1-46
.73 .05 .01 .74 .13 22 [
.33-1.10 .02-.24 .01-.01 ,20-2.20 .04-.37 10-48 2-14
.57 .05 RO .28 RE) 17 6
.22-1.0 .01-.25 L01-.03 .03-.88 .05~ .55 5-50 2-20
.53 .03 .01 .67 12 23 7
19-.827 .01-.14 .01-.02 L24-1.90 .08-.20 12-110 2-32
.50 .05 .01 1.07 16 42 10
J12-1.0 L01-,10 L01-.02 .54-3.20 .09-.40 1-74 2-31
.49 .04 .01 .75 A7 35 8
.26-.83 .02-.07 O1-,02 L 40~.97 .09- .40 7-82 1-26
.32 .03 .01 .12 R 5 3
L13-.83 .0Y-.08 .01-.01 L02-.21 06-.34 132 2-4
.68 .05 .01 W A2 [ 3
.37-1.60 .02-.78 .01-.01 L03-.21 05,75 1-22 2-7
.40 .04 .01 12 .12 4 2
L32-.55 L02-.11 L01-.0 L05-.54 .05-.39 1-8 2-4
45 .02 .01 .09 .08 5 2
L25-1.89 L01-.04 .01-.01 L01-.72 .06-.32 =10 -4
.59 .03 .01 L2l .13 6 7z
.22-2.50 .0Y- .06 L01-.01 By~ 30 07-.32 1-12 1-4
.56 .03 .01 .21 13 [ 2
,23-.96 L0Y-.0% L01-.01 L08-. 3 .08-.33 1-i8 1-5
.70 .04 .0} .34 19 16 5
.34-.99 L02-.08 RO L15-1.40 L05-.24 7-59 2-22
-- 02 .0l 01 .05 12 3
- L01-.05 .01-.00 L01-.02 .02-.26 5-97 2-11
.41 .03 .ol .32 15 10 4
L2565 L01-.07 L01-.02 L15-.86 L10- .40 4-47 2-11
.- .03 .01 .08 .07 5 3
e L03-.04 L01-.01 L03-,15 L04-.28 2-12 3-4
.73 .06 .01 1.30 .27 55 9
71076 L03-.47 Lo1-.0 L95-1. 90 L1655 31-120 3-14
.80 .06 N .95 15 69 15
.68-.94 .04~ 11 .01-.02 .81-1.10 .03-.43 5993 8-22
.18 .07 .0 .03 .04 8 3
L04-.37 .01-.06 L0V, 01 L0v-.07 .02-.26 4-17 111
.23 .04 .al .03 .08 7 3
.09-.55 .01-.55 01-.01 .01-.07 .02-.31 4-12 2-11
.26 .04 .0Y .03 .04 7 3
.15-.47 L01-.26 .01-.01 L01-.59 L02-.19 3-23 1-6
.25 .03 .01 .03 .03 7 3
L13-.8% .01-.20 L01-.01 .01-.09 LG2-.23 1-7
.29 .03 .01 .01 .04 3
L2108 .01-.16 O1-.00 L0105 .02-.19 1-7
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