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ABSTRACT

A water quality survey of Wildcat Creek was conducted in August 1986
to assess the effects of McCleary Wastewater Treatment Plant effluent
on the receiving environment. Prior to upgrade in 1980-81, wastewater
discharge caused violations of state water quality standards for dis-
solved oxygen, un-ionized ammonia, fecal coliform bacteria, total
residual chlorine, and aesthetic values. None of these impacts were
found at present, despite a 50 percent reduction in receiving water
flows. Further, macroinvertebrate community structure improved rela-
tive to pre-upgrade conditions., Viclations of state temperature stan-
dards in 1986 were likely the result of illegal discharges by Simpson
Timber Company. At 7Ql0 streamflows and plant design capacity,
receiving-water—-to-effluent dilution ratios would drop from 4:1 to
2.5:1. 1In the absence of plant upsets, only the temperature standard
is expected to be viclated under these conditions.

INTRODUCTION

Wildcat Creek is located in eastern Grays Harbor County and is tribu-
tary to the Chehalis River via Cloquallum Creek. Wildcat Creek is 9.2
miles long and drains an area of about 21 square miles (Figure 1).

The stream consists of three forks: East, Middle, and West. Wildcat
Creek technically becomes East Fork Wildcat Creek above the West Fork
confluence, but the "East Fork" designation will be disregarded for
the remainder of this report.

The Wildcat Creek watershed is relatively undeveloped. Characteristic
land uses include logging and limited animal pasturing. The city of
McCleary (population 1,300) is located at about river mile (r.m.) 5.
Simpson Timber Company is the major commercial enterprise in town.

McCleary Wastewater Treatment Plant (WIP) serves the entire community,
including process and sanitary wastewaters generated at Simpson.
Treatment was originally by trickling filter, but upgrade to advanced
secondary in 1980~81 was accomplished through installation of a bio-
logical tower (for nitrification), additional clarification, and de-
chlorination. Effluent is discharged to Wildcat Creek (Class A)
immediately below the mouth of Sam's Canal (r.m. 4.75). There are no
other permitted discharges to the drainage in the vicinity of McCleary.

Historical water quality problems in Wildcat Creek were largely at-
tributed to WTP impacts {(Devitt, 1973; Musgrove, 1977). The receiving
environment was found to be periodically toxic to salmonids and mus-—
sels, and significant changes in the macroinvertebrate community were
observed below the discharge. Concern over water quality degradation
and possible effects on salmon and steelhead runs led to WTP upgrade
in the winter of 1980-81.

The Southwest Regional Office (SWR0O} of Fcology requested the Water
Quality Investigations Section (WQIS) conduct a post-upgrade receiving
water survey of Wildcat Creek. Objectives of the survey were:
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Figure 1. Map of Wildcat Creek showing location of sampling sites during an August 1986 water quality survey.



o Characterize the effects of WIP effluent on water quality and the
macroinvertebrate community in Wildcat Creek.

o Evaluate changes in water quality and biota of Wildcat Creek
attributable to the WTP upgrade.

o Calculate total maximum daily loads of waste constituents to
Wildecat Creek.

Field assistance was provided by Norm Glenn of WQIS. A concomitant
Class II inspection of the WIP was performed by Don Reif of WQIS.
Class II findings will be reported under separate cover (Reif, in
prep.).

METHODS

Water quality sampling was conducted August 26-27, 1986. Weather was
warm and sunny, with no rain having fallen in the preceding several
weeks. Twelve sites were selected, eight on the mainstem and four on
tributaries (Figure 1). Site 4.7 was located downstream of the WTP
effluent mixing zone.

Sampling was performed working upstream from the creek mouth both
days. Field measurements included discharge (Marsh-McBirney flow
meter), temperature (mercury thermometer), pH (Orion meter), specific
conductance (Beckman meter), dissolved oxygen (azide-modified Winkler
titration), and total residual chlorine (LaMotte-Palin colorimetric
kit). Turbidity, nutrient (nitrate-nitrite, ammonia, and total phos-
phorus), biochemical oxygen demand (BOD_.), and fecal coliform samples
were iced and shipped to Ecology's Mancgester Laboratory for analysis
as per EPA (1979) and APHA, et al. (1985).

Results at eight sites were compared to the findings of Musgrove
(1977). Data were from mid-August 1977 and represent 48-hour means,
except for residual chlorine (24-hour mean) and fecal coliforms (sin-
gle grabs). To facilitate comparisons, dissolved oxygen data from
1977 were used only when sampling times were within three hours of
1986 sampling times.

Macroinvertebrates were sampled using the methods and sites of
Musgrove (1977). Briefly, triplicate Hester-Dendy (1962) multiple-
plate artificial substrate samplers were placed instream at each of
eight locations on July 14, 1986. Each sampler exposed slightly more
than one square foot of surface for the attachment of organisms.
Samplers were retrieved after six weeks, washed through a 0.6 mm
screen, and preserved in 70 percent ethanol. A single sampler at site
4.7 was lost. Collection and processing techniques are discussed in
detail by Slack, et al. (1973) and Weber (1973).

Macroinvertebrates were identified to order using the keys of Merritt
and Cummins (1978) and Pennak (1978). Organisms were further discrimi-
nated by morphological features to the finest taxonomic level possible,
hereafter referred to as "species.”" Species richness was calculated
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by the rarefaction method of Heck, et al. (1975). FEquitability and
diversity were calculated as per Weber (1973).

RESULTS AND DISCUSSION

Water Quality

Prior to upgrade, McCleary WTP discharged effluent directly to Sam's
Canal. The present outfall is an 18-inch concrete pipe that extends
across the width of Wildcat Creek (Figure 2). Five diffuser ports are
spaced about three feet apart and three feet from either bank. Each
port consists of a four-inch diameter pipe projecting horizontally
outward one to two feet from the main outfall line. The ports dis-
charge effluent in a downstream direction above the surface of the
receiving water. All ports were flowing during the survey, the fifth
(distal) more slowly. The WIP operatoxr noted that children play in
the vicinity of the outfall and sometimes partially block one or more
of the ports with aluminum cans.

Results of water quality sampling are shown in Table 1. WTP effluent
was in compliance with NPDES permit limitations (Reif, in prep.).
Effects of WIP discharge on Wildcat Creek were most dramatic for con-
ductivity, nitrate-nitrite, and total phosphorus. Increases in tem-
perature, turbidity, and fecal coliforms were attributed to Sam's
Canal. Dissolved oxygen concentrations declined somewhat below the
outfall, but percent saturation values were fairly constant. The
slight drop in oxygen concentrations was likely a function of low
dissolved oxygen and increased water temperature in Sam's Canal (i.e.,
high temperatures reduced the oxygen-carrying capacity of the receiv-
ing water).

The receiving-water-to-effluent dilution ratio was 4:1. Tributary
contributions and other inflows resulted in a final dilution ratio at
the mouth of Wildcat Creek of 19:1, still well below the recommended
mix of 100:1 (Ecology, 1985). The five-port diffuser provided excel-
lept initial dilution, likely moderating the immediate adverse impacts
expected with such a low dilution ratio.

Wildcat Creek flows declined 46 percent (0.6 cfs) between r.m. 5.7 and
4.8 (i.e., upstream of the WTP outfall and Sam's Canal). This loss
effectively reduced the receiving-water—to—-effluent dilution ratio by
33 percent (6:1 to 4:1). Property along the reach ig owned largely by
Simpson Timber Company. An eight-foot dam at r.m. 5.1 provides stor-
age in the event of fire. There are no existing water rights for this
portion of the stream (W. Bergstrom, Ecology, personal communication).
The water loss could be the result of ground water infiltration, par-
ticularly if the pumping of nearby wells produces a hydraulic gradient
away from the creek. However, the loss may also be due to illegal
withdrawal.

Water quality in tributaries to Wildcat Creek was good, except for
Samés Canal (Table 1). Flow and temperature increased 0.4 cfs and
6.2°C, respectively, as Sam's Canal passed through McCleary. These
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gure 2.

Photograph of McCleary WIP outfall diffuser, located at r.m. 4.75
of Wildcat Creek.



Table 1. Water quality data collected in Wildcat Creek and tributaries on August 26-27, 1986,

NO,-N
i Fecal Chl.

River Flow Tgmp. pH Cond. D.O. D.O. Turb, NO2-N NH,,~N Total P BOD-5 Coliforms Resid.

Sampling Site Mile Date Time (cfs) ( C) (S.U.) (umhos/em) (mg/L) (7 sat.) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (#/100 aul) (mg/L)

Wildcat Creek

Abv. SR-108 5.7 8/26 1753 1.3 16.6 7.4 90 8.80 90 <1 0.23 0.01 0.0} .- 39 -
8/27 1607 1.3 16.8 7.3 90 9,00 93 2 0.25 <0.01  0.01 -— 19 -—
Abv. WTP 4.8 8/26 1550 0.7 16.6 7.3 97 8.80 90 <1 0.29 <0.01 0.0l —_— 13 -
Outfall 8/27 1408 0.7 17,7 7.3 95 8.40 88 <1 0,23 0.01  0.01 <4 13 -
Blw. WTP 4.7 8/26 1545 1.8 19.4 7.5 153 8.00 87 2 2.3 0.03 1.2 —— 322 <01
Outfall 8/27 1348 1.5 20.1 7.4 151 8.00 88 2 2.2 0.02 1.1 <4 55 <0.j
Blw SR-8 4.6 8/26 1500 1.6 18.9 7.5 150 8.30 89 2 2.2 0.03 1.3 - 31: <0,
8/27 1321 1.7 19.2 7.5 153 8.30 90 3 2.1 0.03 1.1 - 45 <0.
0.5 mi blw. 4.1 8/26 1423 1.5 17.6 7.6 149 8.55 90 2 2.0 0.02 1.2 - 20® _—
SR-8 8/27 1158 1.5 17.5 7.5 140 8.30 87 2 1.5 0.01  0.66 - 28 —_—
Blw. Middle 3.4 8/26 1128 2.6 15.3 7.5 130 8.90 89 1 1.4 <0.01  0.51 —_— 15 -
Fork 8/27 1052 2.3  16.2 7.5 133 8.80 89 1 1.3 0.01  0.45 - 10 —
Blw. West 2.6 8/26 1004 4.7 14,2 7.5 112 9.30 91 <1 0.77 0.01 0.14 - 12 ——
rork 8/27 0938 4.4 15,1 7.4 110 9,15 91 2 0.77 0.01 0.15 — 13 -
Mouth 0.0 8/26 0916 6.3 14.5 7.2 102 8.80 86 <1 0.53 <0.01 0.05 - 37 —-—
8/27 0848 5.9 15.5 7.4 100 8,75 87 <1 0.53 0.01 0.04 - 61 —
Tributaries
West Fork 2.6 8/26 1008 1.4 14.0 7.4 5 9.10 88 1 0.38 0.01 0.02 - --
8/27 1001 1.5 14.9 7.2 85 8.8 87 1 0.38 0.0 0.02 - 1 -
Middle Fork 3.4 8/26 1137 0.6 .7 7.5 98 8.95 88 <1 0.27 <0.01 0.02 —_— 1 -
8/27 1109 0.6 .5 7.3 103 9.45 95 1 0.27 <0.01 0.02 — 3 -
Sam's Canal 4.75 8/26 1557 0.5 25.5 7.3 110 6.80 83 3 0.06 0.02  0.03 - 80? -
at Mouth 8/27 1404 0.5 25.1 7.4 109 7.30 88 4 0.07 0.02  0.03 <4 64° -
Sam's Canal -- 8/26 1723 0.1 19.2 6.7 85 6.45 70 3 0.22 0.02 0.02 - 12 —_—
at Park 8/27 1540 <0.1 19.0 6.7 82 6.55 71 4 0.19 0.02 0.02 —— 25 -
McCleary wre® 4.75 8/26 0950 -- 19.4 7.6 440 - - 5 12 0.15 4.6 - —_— -
8/26 1510 -- 21,4 7.4 440 8,2 93 4 15 0.13 4.7 - 4 <0.1
8/27 1025, -- _ 20.4 7.7 420 - — 5 12 — 5.3 - 8¢ -
8/27 0900° 0.3° - 7.5 - - - A 14 - 5.5 10 — -

b

aMany background organisms. Data from Reif (in prep.). “Mean of 2 samples. d24-—hour composite sample. ®24-hour mean flow.



changes apparently occurred in the segment of the canal which is under-
ground. Several municipal storm sewer outfalls are located in this
reach. Heat balance calculations show the storm sewer discharge(s)
likely had an average temperature of 26.8°C (Appendix A). Consequent
temperature increases in both Sam's Canal and Wildcat Creek violated
state water quality standards.

Simpson Timber Company formerly had an NPDES permit to discharge non-
contact cooling water to Sam's Canal via a municipal storm sewer. At
present, the only permitted discharger in McCleary is the WTP. FHowever,
SWRO inquiries revealed that Simpson did in fact have two existing
illegal discharges to the storm sewer and, ultimately Sam's Canal (G.
Cloud, Ecology, personal communication). The quality of these dis~
charges may explain the increase in canal pH (6.7 to 7.4) as well as

the abundance of background microorganisms found in fecal coliform
samples collected at the canal mouth,

Comparison of conditions in Wildcat Creek before and after the WTP
upgrade shows marked water quality improvements (Figure 3). The
receiving-water—to-effluent dilution ratio in 1977 was better (5:1),
but impacts were considerably worse. The dissolved oxygen curve for
1977 reveals a downstream sag of 1.9 mg/l.. Effluent BOD_. was 26 mg/L
in 1977 compared to 10 mg/L in 1986. Review of inorganie nitrogen
graphs shows that instream nitrification (i.e., bacterial conversion
of ammonia to nitrate) also exerted an oxygen demand in 1977. Upgrade
of the WTP has all but eliminated ammonia from the receiving environ-
ment during the summer low-flow period; however, nitrate-nitrite and
total phosphorus levels remain high. Mean fecal coliform densities
between the outfall and Middle Fork confluence were 458/100 mlL in 1977
compared to 26/100 mL in 1986,

In 1977, McCleary WTP discharge caused violations of state water quality
standards for dissolved oxygen, un-ionized ammonia, fecal coliform
bacteria, and total residual chlorine. In addition, aesthetic values
were impaired. Musgrove (1977) reported the presence of sewage odors
and "slime growths" as far downstream as the SR-8 overpass (r.m. 4.6).
None of these conditions were found in 1986 despite a 50 percent de-
crease in receiving water flows (2.4 cfs to 1.2 cfs). A blue-gray hue
imparted by WTP effluent persisted to r.m. 4.1, but the visual effect
was too subtle to constitute an impairment of aesthetic values. The
only violation of water quality standards in 1986 occurred with tem-
perature, but the illegal discharges were likely the causative agent.

Macroinvertebrates

Results of macroinvertebrate sampling in Wildcat Creek are summarized
in Table 2 and detailed in Appendix B. The domirant organism by far
was the Ephemeropteran Paraleptophlebis; it accounted for 74 percent
of mayflies collected and was present at all sites except Sam's Canal.
The amphipod Anisogammarus was dominant at the mouth of Wildcat Creek;
it represented 7] percent of all organisms collected there. Interest-
ingly, Holsinger (1972) reported that "Anisogammarus is found in
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Figure 3. Comparison of water quality in Wildcat Creek before and after
upgrade of McCleary WTP. Pre-upgrade data from Musgrove (1977).
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Table 2. Abundance and composition of macroinvertebrate communities in Wildcat Creek,
August 1986.

River Sample Depth Velocity Number of Individuals Per Taxon* Total
Sampling Site Mile Number (ft.) (fps) 0O A D E P T &6 M Number

Wildcat Creek

Above SR-108 5.7 1 1.3 0.4 2 - 8 35 3 1 7 1 57
2 1.7 6.3 — 7 42 2 2 26 1 80
3 1.7 0.2 1 - 1 45 1 2 15 ) 66
Below WTIP Outfall 4.7 1 1.6 0.2 4 - 32 24 1 - 29 3 93
2 1.4 0.2 4 ~-- 19 20 1 2 18 3 67
Below SR-8 4.6 1 1.9 0.3 - 51 21 - 112 11 99
2 2.0 0.3 1 -~ 34 19 4 ~-- 21 10 89
3 1.8 0.1 2 -- 12 38 2 3 32 12 101
0.5 mi below SR-8 4.1 1 1.0 0.3 3 - 6 18 6 1 1 1 36
2 1.1 0.2 e 1 32 4 - 13 - 50
3 1.4 0.1 - == 6 57 1 2 19 1 86
Below Middle Fork 3.4 1 1.6 0.2 — 6 22 11 5 = e L
2 1.3 0.2 ~-- —-= 10 63 2 3 1 92
3 0.8 0.3 —_— == 8 40 9 11 i 1 70
Below West Fork 2.6 1 0.7 0.3 - 5 8 21 9 2 e e 45
2 0.5 0.5 - 2 15 23 7 1 3 - 51
3 0.8 0.4 -~ 38 4 32 6 4 1 2 87
Mouth 0.0 1 1.8 0.5 — 48 3 8 1 - - - 60
2 1.6 0.4 —-- 41 5 13 4 3 - e 66
3 1.5 0.5 1 71 8 11 2 3 - 3 39
Sam's Canal at Mouth 4.75 1 0.4 0.4 14 == 3 == - -= = 3 20
2 0.4 0.4 17 —-- L 2 2 22
3 0.3 0.7 30— 4 1 e 1 1 38
*(0 = 0ligochaeta
A = Amphipoda
D = Diptera
E = Ephemeroptera
P = Plecoptera
T = Trichoptera
G = Gastropoda
M = Miscellaneous



freshwater only on a marginal basis (three species along the Pacific
coast) and is primarily a brackish and marine group." Wildcat Creek
is located more than 25 miles upstream of the Grays Harbor Estuary.

Monitoring of macroinvertebrates is useful in receiving water studies
because wastewater effluents can eliminate sensitive species and en-
hance tolerant forms. Six indices were calculated to assess macro-
invertebrate community structure in Wildcat Creek: abundance, species
richness, equitability, diversity, percent EPT (Ephemeroptera-
Plecoptera-Trichoptera), and percent Diptera. Diversity has two com-
ponents: species richness and equitability. Richness is a measure of
the expected number of species per sample after all samples are scaled
down ("rarified") to the same number of organisms. Fquitability re-
flects the distribution of individuals among the species. Percent EPT
(the mayfly-stonefly-caddisfly complex) provides an index of sensitive
invertebrates, while percent Diptera provides a measure of more tolerant
forms.

Macroinvertebrate community structure in Wildcat Creek is shown in
Table 3. Abundance appeared to increase slightly below the outfall,
but variability was high. ANOVA on log—transformed data demonstrated

a significant (p<0.01) difference in abundance among sites. However,
multiple comparisons (Duncan's procedure in Ott, 1977) revealed the
only difference in abundance was between Sam's Canal and the remaining
sites. That is, the WIP did not significantly affect macroinvertebrate
abundance in mainstem Wildcat Creek.

Unexpectedly, species richness, equitability, and overall diversity
also appeared to increase below the WTP outfall. But Weber (1973)
warns that the equitability and diversity of samples containing less
than 100 organisms should be evaluated with caution, if at all. The
percentage of sensitive macroinvertebrates (EPT) declined below the
outfall while the proportion of tolerant forms (Diptera) increased.
However, shifts in species composition may not be entirely due to WTP
effluent. Percent EPT was also depressed in Sam's Canal, which is
tributary to Wildcat Creek immediately upstream of the outfall. The
apparent decline in species richness, equitability, diversity, and
percent EPT at the mouth of Wildcat Creek can be attributed to the
dominance of the amphipod Anisogammarus.

Comparison of 1977 and 1986 macroinvertebrate data demonstrates marked
improvements in community structure (Figure 4). Prior to WTP upgrade,
organism abundance in Sam's Canal (former outfall) and at site 4.7 was
very high, but the communities were mostly comprised of pollutant-
tolerant invertebrates (Dipterans). In 1986, abundance was unchanged
along mainstem Wildcat Creek. Diversity declined below the outfall in
1977 and recovered by r.m. 2.6. Post-upgrade diversities were highly
variable but no distinct trends were evident. Percent composition of
sensitive and tolerant species followed similar patterns in 1977 and
1986, but the upgrade served to smooth extreme lows and highs in the
vicinity of the outfall.
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Table 3. Six measures of macroinvertebrate community structure in Wildcat Creek, August 1986,
Each measure represents the mean of three Hester-Dendy samples (except r.m. 4.7 which

had only two samples).

Shannon-
River Abundance Species Weaver Pergent Percent
Sampling Site Mile + Std. Error Richness Equitability Diversity EPT Diptera
Wildcat Creek
Above SR-108 5.7 68 + 7 6 0.69 2.46 66 8
Below WTP outfall 4.7 80 + 13 7 0.75 3.05 30 31
Below SR-8 4.6 96 + 4 9 0.75 3.43 30 34
0.5 mi. below SR-8 4.1 57 + 15 6 0.68 2.13 70 9
Below Middle Fork 3.4 69 + 14 8 0.71 2.95 86 12
Below West Fork 2.6 61 + 13 9 0.82 3.26 60 17
Mouth 0.0 75 + 12 5 0.41 1.73 20 7
Sam's Canal at Mouth 4.75 27 + 6 5 0.55 1.38 2 10

aEphemeroptera-—Plecoptera—Trichoptera complex.
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Total Maximum Daily Loads (TMDLs)

TMDL analyses were performed to assess the waste assimilative capacity
of Wildcat Creek under "7Q10" critical—-flow conditions (7Ql0 is the

low mean discharge expected to occur during seven consecutive days on

an average of once in 10 years). Of particular interest was the re-
sponse of the receiving environment to WIP discharges at design capacity.
Parameters of concern include temperature, fecal coliforms, dissolved
oxygen, un-ionized ammonia, and nutrients.

The 7Q10 flow and corresponding temperature of Wildcat Creek immedi-
ately above the WTP outfall were estimated to be 1.0 cfs and 21.2%
(Appendix C). At design capacity, the receiving-water-to-WIP-effluent
dilution ratio would be 2.5:1 (1.0:0.4 cfs). Elimination of the ille-
gal discharges to Sam's Canal could considerably reduce temperature
impacts, but the trade-off may be loss of 0.4 cfs of receiving water
and concomitant reduction of the WIP dilution ratio to 1.5:1. If the
0.4 cfs was lost, the expected 7Ql0 temperature (T) of Wildcat Creek
immediately above the WTP outfall would be 17.500, predicted as follows:

(0.5 cfs)(17.2°C) + (0.1 cfs)(19.1°C) = (0.6 cfs)(T).

At design capacity, WIP effluent gould likely raise the 7Q10 tempera-
ture (T) of Wildcat Creek to 18.7 C, predicted by:

(0.6 cfs)(17.5°C) + (0.4 cfs)(20.4°C) = (1.0 cfs)(T).

In this event, WTP discharge would viclate the Class A water qualitg
criterion (Chapter 173-201 WAC): "temperature shall not exceed 18.0°C
. . . due to human activities."

Mass balance equations were similarly used to evaluate bacterial con-
tamination at 7Ql0 flows and WTP design capacity. If fecal coliforms
were discharged at the existing permit limit of 200 organisms per 100
ml, receiving water densities (FC) at 2.5:1 dilution would be 88 per

100 mL, predicted as follows:

(0.5)(13) + (0.5)(72) + (0.4)(200) = (1.4)(FC).

1f the 0.4 cfs associated with the illegal discharges was lost, the
dilution ratio would drop to 1.5:1 and fecal coliform densities (FC)
would increase to 94 per 100 mL, predicted by:

(0.5)(13) + (0.1)(72) + (0.4)(200) = (1.0)(FC).

The Class A water quality criterion specifies a geometric mean of 100
fecal coliforms per 100 mL, thus the existing permit limit would mar-
ginally protect beneficial uses under critical low-flow conditions.
The above temperature and bacterial analyses accentuate the signifi-
cance of the unexplained C.6 cfs decline in flow between r.m. 5.7 and
4.8,

Instream changes in dissclved oxygen were computer-simulated under
various BOD, nitrification, and flow regimes using a modification of
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the Hammer-MacKichan (1981) oxygen sag model (Figure 5; Appendix D).

Curve 1 is a plot of field data from the present survey. Model cali-
bration results are shown by Curve 2; predictions acceptably match

field data. Curve 3 models the effect of elimination of illegal dis-
charges to Sam's Canal under present conditions (i.e., assumes 0.4 cfs

is entirely removed). The expected elevation of dissolved oxygen

levels is a function of increased receiving water dissolved oxygen as
well as the increased solubility of oxygen in water at lower temperatures.

Curves 4 through 6 model 7Q10 low-flow conditions at WTP design capac-—
ity. Curve 4 shows predicted dissolved oxygen levels in the absence
of instream nitrification. A violation of the water quality standard
would occur at r.m. 4.7, but high temperatures and relatively low
dissolved oxygen in Sam's Canal would likely be the causative agent.
Curve 5 illustrates the predicted effect including instream nitri-
fication (where effluent ammonia equals the NPDES permit limit of 2
mg/L). A slight oxygen sag may occur at r.m. 4.6, and the oxygen
standard could be violated for about 0.5 mile. Removal of the illegal
discharges to Sam's Canal would prevent instream dissolved oxygen

viclations, though the slight sag would persist (Curve 6).

Mass balance relationships were used to predict the toxicity of un-
ionized ammonia under 7Ql0 conditions. If effluent ammonia at design
capacity was equal to the permit limit of 2 mg/L, the NH3—N level
after mixing would be 0.6 mg/L, predicted as follows:

(1.0 ¢fs)(0.01 mg/LY + (0.4 cfs) (2.0 mg/L) = (1.4 cfs)(NH3~N).

A similar balance for temperature calculates to 21.0°C and a pH of 7.4
units is assumed. Under these conditions, the chronic toxicity thresh-
0ld for un-ionized ammonia would occur at a total ammonia (NH,-N)
concentration of 1.2 mg/L (EPA, 1986). As a result, effluent ammonia
would not cause instream toxicity to aquatic life. A similar 7Q10
analysis was performed to predict un-ionized ammonia toxicity in the
event of elimination of the illegal discharges. Total ammonia calcu-
lates to 0.8 mg/L, as follows:

(0.6 cfs)(0.01 mg/L) + (0.4 cfs) (2.0 mg/L) = (1.0 cfs)(NHB—N).

Temperature recalculates to 18.700, which at a pH of 7.4 units yields
a chronic toxjcity threshold of 1.4 mg/L NH,-N (EPA, 1986). Again,
effluent ammonia would be non-~toxic following dilution with receiving
water.

Nitrogen and phosphorus loads in Wildcat Creek were largely a product
of effluent from McCleary WIP (Figure 6). Nitrogen loads remained
elevated throughout the stream course, but phosphorus loads declined
steadily. Further investigation of nutrient sources and sinks in the
watershed would be required to interpret these trends. One possibility
is that phosphorus is a limiting nutrient in the system, thus uptake

by primary producers may account for its downstream depleticn. There
were no visible signs of excessive periphyton growth in Wildcat Creek,

14
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are given in Appendix D.

15



ToTAL INORGANIC NITROGEN LoAD (LBS/DAY)

ToTAL PHosPHoRus LeAD (LBS/DAY)

WTP Middle West a = MCleary WTP
Sams Canal Rork fork 7
l l l 0 = Tribufaries
25 -
[
20
15
1o -
-
- }
[»] T 0 T = T T T 1
6 5 n 3 2 I 0
RIVER MiLE

2% -
20 =
15 4
0~
5 -

0 T T O T = T 7 1

b 5 L g 3 2 i 0

RIVER. MILE

Figure 6. Nitrogen and phosphorus loads in Wildcat Creek, August 1986.
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but stream banks and islands were heavily vegetated with sedges, rushes,
and grasses.

No state or federal water quality criteria directly address nutrient
enrichment of receiving waters. Mills, et al. (1985) suggest that
potential eutrophication problems are likely to occur where total
nitrogen exceeds 0.92 mg-N/L and total phosphorus exceeds 0.13 mg-P/L.
These conditions exist in Wildcat Creek from r.m. 4.7 to about r.m.
2.6, hence this reach of the stream may be considered water quality-
limited (i.e., nutrient inputs exceed the assimilative capacity of the
creek). At 7010 flows and WTP design capacity, instresm concentra-
tions and loads of nutrients are expected to be higher yet. Substan-
tial reductions in effluent nutrient loads would be required to lower
instream concentrations below the eutrophication threshold cited above.

CONCLUSIONS AND RECOMMENDATIONS

o The receiving-water—to-WIP-effluent dilution ratio in Wildcat
Creek was 4:1, well below the recommended mix of 100:1. The
outfall diffuser provided excellent initial dilution, but the
ports should be submersed to discourage both damage and direct
wastewater contact by children at play.

o Upgrade of McCleary WTP considerably improved water quality in
Wildcat Creek. A previous survey in 1977 demonstrated violations
of state water quality standards for dissolved oxygen, un-ionized
ammonia, fecal coliform bacteria, total residual chlorine, and
aesthetic values. None of these conditions were found in 1986
despite a 50 percent decline in receiving water flows. While not
studied in the present work, the persistence of instream salmon
and mussel toxicity is regarded as highly unlikely.

o] Comparison of pre- and post-upgrade macroinvertebrate communities
also showed improvements. Prior to upgrade, abundance of pollution-
tolerant invertebrates increased downstream of the outfall. Im
1986, WIP effluent did not affect organism abundance. Percent
composition of sensitive and tolerant forms followed similar
patterns in 1977 and 1986, but the upgrade dampened extreme lows
and highs previously associated with wastewater discharge.

o Wildcat Creek flows inexplicably declined by nearly half upstream
of the WIP outfall, effectively reducing receiving-water-to-
effluent dilution ratios by a third. Nearby, flows and tempera-
tures in Sam's Canal increased substantially, possible due to
illegal storm sewer discharges by Simpson Timber Company. Tem~
perature increases in Sam's Canal and subsequently Wildcat Creek
were in viclation of state water quality standards. The illegal
discharges should be eliminated or, if permitted, conditioned to
meet state temperature standards. Further investigation is war-
ranted to determine if there is a relationship between the flow
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loss in Wildcat Creek and the flow and temperature increases in
Sam's Canal.

At 7Q10 stream flows and WIP design capacity, the receiving-
water-to-effluent dilution ratio is predicted to be 2.5:1. TUnder
these conditions, WIP effluent is expected to cause temperature
standard violations (assuming elimination of the present tempera-
ture problem). Dissolved oxygen sags and un-ionized ammonia
toxicity should be negligible, but fecal coliform levels may
approach the standard for Class A waters. In the event WTP opera-
tions become upset, major water quality problems may result from
low dilution. Land application of effluent is advised if plant
upsets occur during the summer low-flow period.

Effluent nutrient loads to Wildcat Creek were largely unaffected
by the upgrade and are expected to increase in the future. The
two-mile reach of the stream below the outfall may be considered
water quality-limited due to excessive inputs of nitrogen and
phosphorus. Potential eutrophication impacts may be mitigated
through nutrient removal at the WTP, but knowledge of existing
eutrophication problems is too limited at present to justify
further upgrade. However, the eutrophication issue should be
addressed in depth prior to future WTP expansion.
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Appendix A. Changes in flow and temperature observed in Wildcat Creek
and Sam's Canal in the vicinity of McCleary on August 26—
27, 1986,

The map below shows Wildcat Creek and Sam's Canal as they flow through
McCleary in a west-southwest direction. Two-day means for flow and
temperature at the various sampling sites are as follows:
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There was a loss of 0.6 cfs of stream flow in Wildcat Creek as it
passed through property largely owned by Simpson Timber Company.
However, there was 0.4 cfs increase in flow and a 6.2°C increase in
temperature in Sam's Canal as it passed through town. The increase in
flow between SC and SC, apparently occurs in the portion of the canal
which is underground geveral municipal storm sewer outfalls are
1ocated in this reach. In order to cause a temperature increase of
6.2°C between SC. and SC the storm sewer discharge(s) would need to
have a temperature (T) 0%

(0.1)(19.1) + (0.4)(T) = (0.5)(25.3) T = 26.8°C

However, the canal is slow-moving and fully exposed tc sunlight
between 7th Avenue and its confluence with Wildcat Creek. Thus it is
possible that solar warming accounts for all or part of the observed
temperature increase in the canal. To test this hypothesis, we can
turn to data generated by Musgrove (1977). She measured flow and
temperature in Sam's Canal near 7th Avenue and the mouth in August
1977:

Sampling Site Flow (cfs) Temp. (OC)
Near 7th Avenue 0.5 22.7
Canal Mouth 0.9 21.0
WTP G.5 19.4

Data from McCleary WIP are included because it formerly discharged to
Sam's Canal between 7th Avenue and the mouth. The expected
temperature (T) at the mouth of the canal in 1977 should be:

(0.5)(22.7) + (0.5)(19.4) = (0.9)(T) T = 23.4°C

Since the actual temperature measured in 1977 was 21.00C, it would
seem that cooling (evaporative) processes exerted a greater effect
than solar warming. One might argue that the above equation is inap-
propriate because 0.5 cfs plus 0.5 cfs does not equal 0.9 cfs. If we
assume the 0.9 cfs was an artifact of rounding and that the actual
flow at the mouth was 1.0 cfs, the expected temperature (T) can be
recalculated as:

(0.5)(22.7) + (0.5)(19.4) = (1.0)(T) T = 21.0%

In this instance, the actual and expected temperatures equate. Still,
both scenarics point to the same conclusion; namely, that Sam's Canal
is not appreciably warmed by solar radiation in its exposed lower
reach., Thus the calculated 26.8°C temperature of the storm sewer
discharge(s) in 1986 is likely a close approximation.

State water quallty standards (Chapter 173-201 WAC) for Class A waters
specify that temperature shall not exceed 18.0°C . . . due to human
activities." Further, "when naturzl conditions exceed 18.0°C . . . no
temperature increase will be allowed whlch will raise the receiving
water temperature by greater than O. 3°C." The observed temperature
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increase of 6.200 in Sam's Canal violates the latter criterion. In
addition, heat-balance calculations show the expected temperature (T)
of Wildcat Creek below the canal mouth but above the WIP outfall to
be:

(0.7)(17.2) + (0.5)(25.3) = (1.2)(T) T = 20.6°C

Thus Sam’s Canal raises the temperature of Wildecat Creek by 3.4°C. In
the absence of storm sewer discharge(s), the canal would raise the
temperature (T) of Wildcat Creek to:

(0.7)(17.2) + (0.1)(19.1) = (0.8)(T) T = 17.4°%

Clearly, the storm sewer discharge(s) cause(s) the temperature of
Wildcat Creek to exceed the water quality criterion of 18. Oo( The
actual temperature below the WTP outfall mlxing zone was 19.8° C, which
is 0.8°C cooler than above the outfall (20.6°C). The temperature drop
may be attributed to evaporative cooling in the long, shaded pool
below the outfall.
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Appendix B. Abundance of individual macroinvertebrate species collected in Wildcat Creek, August 1986 (semicolons separate individual species
within each larger taxonomic group). Where both larvae and pupae of Trichoptera or Diptera were present in a sample, the develop-—
mental stage with the greater number of specles was used to calculate species richness, equitabiliry, and diversity (Table 3).
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Appendix C. Estimation of 7Q10 flow and corresponding temperature of Wildcat
Creek immediately upstream of McCleary WIP outfall.

Lack of continuous gage measurements on Wildcat Creek required estimation of the
7Q10 receiving water flow using data from a temporary (1971) Ecology ambient
monitoring site at r.m. 3.0 (22J070), as well as long-term (1946-1972) USGS
records from gage 12032500 on Cloquallum Creek (USGS, 19723 Williams and
Pearscn, 1985). A linear relationship between the two sites was calculated as
follows:

Discharge (cfs)

Cloquallum Wildcat Creek
Date Creek r.m. 3.0
7/06/71 59 9
7/19/71 41 6
8/02/71 34 5
8/16/71 29 5
9/06/71 35 6
9/20/71 28 3
Wildcat Cr. flow = (0.16) (Cloquallum Cr. flow) - 0.4 rz = 0.88

The 7Q10 flow for Cloquallum Creek is 17.1 c¢fs. Substituting into the regres-—
sion equation yields an estimated 7Q10 of 2.3 cfs at Wildcat Creek r.m. 3.0.
However, r.m. 3.0 is downstream of the WTP by 1.7 miles. Further calculations
are necessary to estimate the 7Q10 flow for a point immediately upstream of the
outfall (i.e., the "dilution water" low flow).

In August 1986, flows at r.m. 3.4, r.m. 2.6, and the West Fork were 2.4, 4.6,
and 1.4 cfs, respectively. Subtracting the West Fork flow from r.m. 2.6 yields
a discharge of 3.2 cfs immediately upstream of the West Fork. Therefore, the
flow at r.m. 3.0 was between 2.4 cfs and 3.2 cfs in August 1986, To complete
this analysis, an average flow of 2.8 cfs will be used.

The dilution water low flow (i.e., the 7Q10 flcw above the outfall) can be esti-
mated as follows:

7Q10 flow at r.m. 3.0  _ 7Q10 flow of dilution water
1686 flow at r.m. 3.0 1986 flow of dilution water
2.3 - 7Q10
2.8 1.2
7Q10 = 1.0 cfs

Assuming discharge of Sam's Canal remains constant, the 7Q10 flow of Wildcat
Creek at r.m. 4.8 would be 0.5 c¢fs (1.0 - 0.5). Further, if temperatures remain
unchanged, the temperature (T) of the dilution water at low flow would be:

(0.5Y(17.2) + (0.5)(25.3) = 1.0(T) T = 21.2%
Thus, flow and temperature of 7Q10 dilution water wculd be 0.2 cfs lower (1.2 -

1.0) and 0.6°C higher (21.2 - 20.6; Appendix A) than conditions observed in
1986.
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Appendix D. Model parameters used in a TMDL analysis of oxygen depletion in

Wildcat Creek.

Model Curves®*
Parameter 2 3 4 5 6
WTP
Flow (cfs) 0.3 0.3 0.4 0.4 0.4
Temperature (OC) 20.4 20.4 20.4 20.4 20.4
Dissolved oxygen (mg/L) 8.2 8.2 8.0 8.0 8.0
NH,-N (mg/L) 0.14 0.14 0.14 2.0 2.0
Ultimate BOD {(mg/L) 14 14 21 21 21
Receiving Water
Flow (cfs) o 1.2 0.8 1.0 1.0 0.6
Temperature ( C) 20.6 17.4 21.2 21.2 17.5
Dissclved oxygen (mg/L) 7.95 8.3 7.8 7.8 8.25
NH,-N (mg/L) 0.01 0.01 0.01 0.01 0.01
Ulfimate BOD (mg/L) 4 4 4 4 4
Width (ft) 10 10 10 10 10
Depth (ft) 0.3 0.3 0.3 0.3 0.3
Velocity (fps) 0.5 0.5 6.5 G.5 0.5
Rate Constants (per day)
Deoxygenation rate for BOD 1 1 1 1 1
{(carbonaceous)
Deoxygenation rate for NOD 0 0 0 6 6
Reaeration rate 20 20 20 20 20

*See Figure 5 for description of curves 2-6.
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