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Abstract

The Salmon Creek Watershed Management Plan identifies degradation of beneficial
uses in the Salmon Creek drainage that include primary contact recreation due to fecal
waste contamination, and loss of wildlife and salmonid rearing/spawning habitat due
to a number of instream and watershed disturbances.  Water quality in the Salmon
Creek drainage violates water quality standards for fecal coliform, turbidity,
temperature, and dissolved oxygen due to nonpoint source pollution.  In addition, the
system has high levels of nutrients.  Factors contributing to the degradation of beneficial
uses and poor water quality include devegetation of the upland forests and grasslands,
construction projects (road, parking lot, and home construction), reduction of the
number and size of natural wetlands, poor agriculture practices, failing or improperly
maintained septic systems, and alteration of the stream channels and riparian zones.

Using data collected by local government agencies during 1988-1994, phased TMDLs
are recommended for fecal coliform and turbidity to help control nonpoint source
pollution in the Salmon Creek drainage.  Currently there are a number of local agencies
and organizations that have interest in or are working to improve water quality in the
Salmon Creek Drainage.  In order to facilitate the efforts of local groups to mitigate
nonpoint source pollution, Ecology should target grant funds and personnel resources
to help with implementing controls and organizing watershed management activities in
the basin.  Follow-up monitoring is recommended to assess changes in water quality.
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Introduction

Problem Statement
The Southwest Regional Office (SWRO) of the Washington State Department of Ecology
(Ecology) is concerned about nonpoint pollutant loading to Salmon Creek, a Class A
waterbody, due to anthropogenic activities in the watershed.  They requested that the
Watershed Assessments Section (WAS) assess the water quality of the drainage system
and recommend appropriate Total Maximum Daily Loads (TMDLs) for problem
pollutants.  WAS submitted a Quality Assurance Project Plan (QAPP) for undertaking a
nonpoint source pollutant TMDL study on January 30, 1995 (Cusimano and Giglio
1995).  Figure 1 is a map of the study area.

The Salmon Creek basin's growth has led to environmental stresses that have reduced
water quality.  State water quality standards (WAC 173-201A), regulated in part under
Section 303(d) of the Federal Clean Water Act, have been violated in Salmon Creek
basin for fecal coliform, dissolved oxygen, and temperature.  Criteria exceedences for
turbidity and pH have also been found.  The current 303(d) list of waterbodies and
parameters not attaining water quality standards is provided in Table 1.  Nutrient
levels, while not specifically regulated by numeric criteria, are also high relative to other
streams and rivers in southwestern Washington.  These impacts threaten both human
and natural stream uses, from recreational swimming to fish habitat.  Degraded water
quality is often the result of adjacent land uses: pasture, sewage treatment, lawns,
impervious surfaces, farming, and industry.

Table 1. 1994 §303(d) List for the Salmon Creek Drainage

Parameter: Fecal
Coliform

Temperature Dissolved
Oxygen

 Salmon Creek X X

 Cougar Canyon
Creek

X X

 Mill Creek X

 Curtin Creek X

 Woodin Creek X
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Figure 1. Salmon Creek study area and sampling locations
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Background Information
Salmon Creek, located entirely within Clark County, flows from the foothills of the
Cascade Mountains west to Lake River, which flows into the Columbia River.  The
Cascade foothills are generally forested, while the lower drainage is primarily urban.
The city of Vancouver lies just south of lower Salmon Creek, and several small towns lie
along the tributaries and central plains of the basin.  These middle reaches contain a
mixture of small towns, large and small scale farms, pasture, and homes.  Six major
tributaries flow into Salmon Creek: Rock Creek and Morgan Creek to the east, Weaver
(also called Woodin) Creek and Curtin Creek (also called Glenwood) in the middle, and
Mill Creek and Cougar Creek to the west (Figure 1).  Salmon Creek, and the lower
portions of Mill, Curtin, Morgan and Rock Creeks, and their associated wetlands are
under shoreline jurisdiction of the Clark County Shoreline Master Program.

Characterized by gently rolling hills and alluvial flood plains, the Salmon Creek basin is
primarily rural-residential.  Urban areas also comprise a considerable proportion of the
basin's land area, mostly along its southwest reaches.  Forestry, agriculture, and
commercial and industrial activities are significant uses within the basin (Wille 1990).
The basin is highly urbanized near Vancouver, with many small subbasins already
heavily developed.   The Suds Creek, Tenny Creek, 114th Street tributary, and 119th
Street tributary subbasins typify the urbanization within this portion of the Salmon
Creek drainage.  Cougar Creek and Curtin Creek, the larger tributaries of lower Salmon
Creek, are also developing rapidly.  These basins often experience problems with
flooding, undersized culverts, inadequate buffer vegetation, erosion, and sedimentation
(CCDCD 1989).  Rapid and diverse development within the basin has also led to water
quality degradation of Salmon Creek and its tributaries, resulting in non-attainment of
state water quality standards.

Weaver Creek is a well-studied example of a Salmon Creek tributary suffering human-
induced degradation.  Flowing through Battle Ground, Weaver Creek received the town's
treated wastewater, which resulted in violations of state water quality standards, most
notably dissolved oxygen and ammonia.  A 1978 Ecology study found that total ammonia
in the wastewater treatment plant's (WWTP) outflow severely depleted the creek's
dissolved oxygen levels, threatening aquatic life in the stream (Moore and Anderson 1978).
The average dissolved oxygen concentration downstream of the outfall was 3.7 mg/L
while the standard is a minimum of 8 mg/L for a Class A waterbody.

A further investigation of Battle Ground WWTP's impacts on Weaver Creek found that
although streamflow responded quickly to rain events, it was insufficient to dilute
WWTP inputs (Crawford 1985).  The plant was designed to use natural stream flow to
dilute effluent at a 20:1 ratio, but flow from the facility was typically half that of the
stream.  In 1993,  a TMDL was approved by the United States Environmental Protection
Agency for 5-day biochemical oxygen demand and ammonia for Weaver Creek.
Subsequent to the approved TMDL, discharge from the treatment plant was rerouted to
the regional wastewater treatment plant and discharged to the Columbia River.
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Fecal coliform levels on Weaver Creek, a problem throughout the basin, never met
water quality standards;  values both upstream and downstream of the WWTP
discharge exceeded standards (Crawford 1985).  Upstream values were often higher,
implying the WWTP discharge was diluting fecal coliform concentrations.  Other point
sources, including plywood manufacturing and dairy production, had been reported to
contribute less than one percent of the coliform loading, suggesting that the fecal
contamination was from nonpoint pollution (Crawford 1985).

Fecal coliform contamination is a major concern because it indicates that biological
waste is entering the water.  A 1981 study investigated the basin's septic systems, which
were believed to contribute to nonpoint fecal coliform contamination.  The study found
that 3% of surveyed septic systems along the Salmon Creek drainage were presently
leaking, and 10% had failed previously and been fixed.  One finding was that 47% of
failures were preventable: the result of a lack of maintenance, undersized systems, poor
siting, or physical damage (SWHD 1981).

A follow-up survey in 1989 of septic systems within Salmon Creek studied all parcels
adjacent to the creek, and randomly sampled all systems within 1,000 feet of the creek
and its tributaries.  In this study, 5.6% of the systems were failing, sub-standard, or
absent.  The vast majority (92%) of systems were at least 15 years old; 58.7% of the
systems had either never been pumped or were not known to have been pumped.
Calculations from this study attribute from one to five percent of Salmon Creek's fecal
coliform loading to failing septic systems (Newman 1989).  The 1989 survey results are
similar to the 1981 results, implying that septic systems contribute to but are not the
major source of coliform contamination.

A 1990 study by Southwest Washington Health District (SWHD) on Salmon Creek basin
found fecal coliform to be the most consistent and most severe violator of state water
quality standards.  This study isolated dairies as the primary source of contamination,
with the regions around lower Morgan Creek, central Salmon Creek and Mill Creek
having the highest concentrations of both dairies and coliform contamination (SWHD
1990).  In response to this agriculturally-based water quality degradation, the Clark
County Conservation District (CCCD) undertook a review of basin farming practices,
recommending implementation of appropriate Best Management Practices (BMPs) for
agriculture (CCCD 1990).  The document outlines BMPs for erosion and animal waste
control, pastureland and cropland management, and stream corridor protection.  It
concludes with strong recommendations for stream fencing, streambank revegetation,
and animal waste and sediment education programs to counter the negative impacts of
dairy production.

Negative impacts from human land uses are not strictly recent events, however.  Euro-
Americans settled along Salmon Creek beginning in 1852.  In 1864, A.S. Marble built the
first mill on the creek.  A woolen factory, which failed, also attempted to run a mill on
the stream in 1867.  The draining and ditching of Fourth Plain swamp (now the town of
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Orchards) began in 1863, which may mark the beginning of wetland losses in the area.
About 1880 Isaac Dietderich built a millpond on the creek, perhaps the first man-made
obstruction to salmon passage.  Dairy farming in the basin goes back at least to 1882,
when the Honorable H.D. Rissell owned 30 milk cows (Parsons 1983).  Pasture, small-
scale farms, forestry and increasing development have all contributed to impaired
water quality, which has gradually reduced habitat quantity and quality for salmon and
other fish and aquatic organisms.

The earliest impediments to salmonid reproduction occurred in the late 19th century,
when logging dams were first constructed along Salmon Creek.  Today, however, it is
sedimentation from widespread development that impairs stream habitat quality.  While
no historical data exist, current coho, steelhead, and cutthroat trout populations are
between three and five percent of what an intact habitat might support (Wille 1989).  The
highest quality existing habitat presently lies within the basin's less-developed
headwaters: upper Salmon Creek, upper Morgan Creek, and Rock Creek.  Direct cattle
access along lower Salmon Creek and many tributaries increases turbidity and ammonia
levels, lessening habitat quality.  As a low-gradient creek (averaging slope 0.24% over
first 35 km), Salmon Creek has a limited ability to flush sediment deposits (Wille 1989).
In addition to covering pool habitat for salmon, sediment buildup over time decreases the
channel capacity, which increases the potential for flooding and can lead to increases in
water temperature due to greater solar heating of the shallower waters.

Wetlands, which provide flood control and contribute to summer flow levels, have been
estimated to constitute 3.4% of the basin (Wille 1990).  Roughly half of Salmon Creek
basin's wetlands are emergent (usually seasonal and adjacent to the stream), while
forested and scrub-shrub wetlands are also fairly common.  The greatest numbers of
wetlands are within Mill Creek and Curtin Creek subbasins, but the greatest acreage
lies along lower and central Salmon Creek itself.  However, one fifth of recent county
developments involve wetlands.  Threats to wetlands include channelization and
draining, as well as indiscriminate filling of privately owned wetlands (Wille 1990).
Loss of remaining wetlands could contribute to further water quality degradation by
removing ecologically important water detention and filtering systems.

Project Objectives
Objectives for the Salmon Creek basin TMDL study include:
1. Determine the quality of existing data used for listing parameters on Salmon Creek

and its tributaries.
2. Establish wet and dry season load allocations for fecal coliform and turbidity.
3. Relate load allocations and reduction targets to land-use.
4. Propose a nonpoint source pollution reduction strategy that incorporates use of

Best Management Practices in the drainage.
5. Propose a follow-up monitoring program to evaluate the effectiveness of the

pollution reduction strategy(s).
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Quality Assurance/Quality Control
Water quality data have been collected as part of monthly monitoring programs, as well
as special studies such as stormwater sampling.  The SWHD contracted with the CCCD
and Clark County Department of Community Development (CCDCD) to conduct
monthly water quality sampling in the Salmon Creek drainage.  They collected data
from four sites on mainstem Salmon Creek from October 1988 through September 1989
as part of a Centennial Clean Water Fund grant (SWHD 1990).  This study also included
storm event sampling from 26 sites within the basin on November 2, 1988.  From May
1991 through February 1994, the SWHD also sampled water quality monthly at up to 10
sites on the mainstem and major tributaries of Salmon Creek,  including the four 1988-
89 mainstem sites (as annotated on Figure 1).  Additionally, several diurnal samples
were collected during this period.

A Quality Assurance Project Plan (QAPP) for the 1991-94 study was approved by
Ecology (Gaddis 1991).  All field measurements followed manufacturer's
recommendations and all laboratory tests were performed at Clark County Water
Quality Laboratory, accredited by Ecology.  Although a QAPP was not prepared for the
1988-89 data, the same methods and procedures used in the 1991-94 study were
followed.  Because these studies have all been under the direction of Carl Addy of the
SWHD, using acceptable quality assurance, the information is being treated as one body
of data.  The monthly data from both sampling efforts were entered from hard copy
data into a spreadsheet data base by Ecology.  Stormwater and diurnal samples were
not included.

Replicate results demonstrate acceptable precision with the exception of fecal coliform
data, which are usually less precise.   A pooled precision estimate was made by taking
the root mean square (RMS) of the coefficient of variation (CV) for each replicate pair
(Table 2). To compensate for possible differences in variation over the analytical range,
coliform and turbidity replicates were divided into categories (above or below Water
Quality Standards).

Given the quantity and quality of the existing data, WAS proposed using the 1988-94
monitoring data to develop appropriate TMDLs for the Salmon Creek watershed
(Cusimano and Giglio 1995).  Additional field sampling was not needed to establish
TMDL targets, but follow-up monitoring will be needed to evaluate the effectiveness of
the pollution control measures employed in the drainage.

The historical data are presented in Appendix A.  Sample station numbering was
modified to accommodate differences in the 1988-89 and 1991-94 surveys.  All data
analyses and presentations in this report were performed using the arithmetic average
of replicate values and half the reporting limit for all undetected variables.
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Table 2. Field Replicate Pooled  Precision Estimates

Parameter
# of

Replicates
Root Mean Square of the

Coefficient of Variation (%)

Fecal Coliform, Mean MPN < 100 10 49.9

Fecal Coliform, Mean MPN ≥ 100 13 42.8

Temperature 22 1.6

Dissolved Oxygen 22 0.8

Turbidity, Mean NTU < 5.0 16  5.4

Turbidity, Mean NTU ≥ 5.0 7 3.0

Ammonia 23 22.6

Nitrates-Nitrites 23 4.5

Total Phosphorus 22a 7.5

pH 23 0.8

a One pair of phosphorus samples was excluded because of a suspected error.  Were it
included, the pooled precision would be 25.2.
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Water Quality Data Results
The following is a summary of the existing data.  In order to better show temporal and
spatial differences, and to define seasonal allocation targets, the raw data were
separated into dry (May-October) and wet (November-April) seasons.  The seasons
were established by simply grouping the highest and lowest 6 contiguous months
average flows. Table 3 shows the monthly average, minimum, and maximum flows
from data collected from 1943-94 at the USGS station on the mainstem near Battle
Ground and from data collected from 1991-94 by CCDCD on the mainstem near
Klineline Park (near site 1).

Table 3. Salmon Creek average, minimum, and maximum flows based on USGS station data, 1943-
1994, collected near Battleground, and average and minimum flows based on 1991-94 data
collected by CCDCD at a station near Klineline Park.  All units in cfs.

USGS Station
(#1421200)

near Battleground

CCDCD Station
near Klineline Park

Month Average Minimum  Maximum Average Minimum Maximum

January 150 12.0 1010 268 73 787

February 116 13.0 1440 241 54 1500

March 95 18.0 502 209 61 1373

April 65 13.0 380 305 56 1840

May 38 7.4 390 114 33 697

June 20 1.2 285 62 26 445

July 7.9 0.9 71 37 20 110

August 4.4 0.6 38 27 19 43

September 5.1 0.6 104 26 19 56

October 21 1.0 760 43 19 1500

November 89 1.3 974 191 23 1500

December 134 5.4 978 308 51 1620

Figures 2-8 show box plots of water quality variable concentrations by sampling station for both
wet and dry seasons.  (Each box represents the interquartile range or the 50% of the data between
the 25th and 75th percentiles, the line in the box is the median, the end of the whiskers are the
minimum and maximum data point within 1.5 times the interquartile range, an "*" is an outlier
between 1.5 and 3 times the interquartile range, and a "o" is an outlier greater than 3 times the
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interquartile range.)  Figures 2-8 include data on Weaver Creek from both before and after the
WWTP discharge was removed in April 1993.  A discussion of the effect of removing the
WWTP follows the general water quality review.  Data for each variable were examined for
normality using normal probability plots, and if needed, they were normalized by logarithmic
transformation.

Fecal Coliform
While not directly harmful themselves, fecal coliform bacteria are indicators of animal
wastes (and associated pathogens) entering waterbodies.  Cattle, failing septic systems,
pets, and wildlife can all contribute to elevated levels.  High counts of fecal coliform
make waters unsuitable for human consumption and recreation.

The existing data indicate regular exceedences of the state water quality standard of
100 colonies/100 mL at all sites downstream of Salmon Creek headwaters (Figure 2).
Fecal coliform levels vary little between dry and wet seasons.  The possible influence of
flow on fecal coliform concentrations was examined using flow data collected by
CCDCD near Klineline Park.  Correlation analysis of logarithmic transformed flow and
fecal coliform data indicates no significant relationship (∝  = 0.05) at any of the sampling
sites, except site #1, which shows a positive relationship due to one high flow and high
fecal coliform value.

The 1988 storm event data reported by SWHD (1990) showed that every site exceeded
the water quality standard for fecal coliform.  Twenty-one of the 26 sites had values
exceeding 1,000 colonies/100 mL, and eight sites had values beyond 10,000
colonies/100 mL.  Again, the lowest values occurred in the less developed headwaters.

Turbidity
Turbidity measures the ability of light to penetrate water, and is an indicator of
suspended particles such as clay, silt, organic matter, and small biological organisms.
High turbidity can reflect erosion, and the sedimentation of suspended particles
associated with erosion impairs salmonid rearing by reducing clean gravel spawning
habitat and aquatic insect habitat (a key food source for salmonids).

Five violations of the state water quality criterion for turbidity occurred on mainstem
Salmon Creek between 1991 and 1993, all during November, December, and January.  A
violation was indicated when an individual turbidity measurement exceeded the
natural background turbidity level, represented by headwater site #9, by greater than 5
NTU on the day of sample collection.  All sites experience occasional (wet-season) high
turbidity levels.  With the exceptions of Curtin Creek and Salmon Creek headwaters,
turbidity appears to be a problem throughout the basin (Figure 3).
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Figure 2. Salmon Creek dry and wet season fecal coliform data; dashed line denotes
water quality standard: geometric mean not to exceed 100 colonies/100 mL.
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Figure 3. Salmon Creek dry and wet season turbidity data
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Figure 4. Salmon Creek dry and wet season temperature data; dashed line denotes
water quality standard:  16 degrees C.
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Figure 5. Salmon Creek dry and wet season dissolved oxygen data; dashed line
denotes Class A criterion of 8 mg/L.
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Figure 6. Salmon Creek dry and wet season ammonia data.
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Figure 7. Salmon Creek dry and wet season nitrite-nitrate data
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Figure 8. Salmon Creek dry and wet season total phosphorus data.



Salmon Creek Nonpoint Source Pollution TMDL Page 17

The 1988 storm event data reported by SWHD (1990) showed that turbidity was
generally lowest in the headwaters and central mainstem of Salmon Creek (usually
below or about 10 NTU).  A small tributary of Mill Creek was the most turbid (almost
70 NTU), and the lower Salmon Creek and Cougar Creek sites were also high (between
20 and 30 NTU).  Nine of 25 storm event sampling sites violated water quality
standards by exceeding natural background levels by greater than 5 NTU.

Temperature

Temperature is a water quality concern because most aquatic organisms are "cold-
blooded," and are strongly influenced by water temperature.  The temperature of water
regulates the respiration, distribution, behavior, movement, feeding rate, growth, and
reproduction of aquatic organisms.  Temperature also can change the rate of
biodegradation of organic matter; increased temperature accelerates biodegradation,
which increases the demand for dissolved oxygen.  As temperature increases, oxygen
also becomes less soluble in water, which can lead to low oxygen concentrations.

Stream temperatures may be altered by land use.  For example, clearing stream banks
eliminates shading and deforesting lands often results in decreased summer flows, both
of which can increase stream temperatures.  The state water quality standards require
Class A streams to maintain temperatures below 18°C.  Salmon Creek and some of its
major tributaries, however, violate this standard during the summer months (Figure 4).
Mainstem temperatures exceeded 18°C at some stations every summer.   The highest
values occurred near the mouth of Salmon Creek, with temperatures nearing 22°C.

Dissolved Oxygen

Dissolved oxygen (DO) is one of the most important gases dissolved in water and is
essential to aquatic life.  The amount of oxygen dissolved in water varies with
atmospheric pressure, reaeration rate, photosynthesis, plant and animal respiration,
sediment oxygen demand, biochemical oxygen demand, nitrification, and temperature.

Although Cougar Creek is on the 303(d) list for historical violations of the DO standard
(8 mg/L), DO levels were above 9 mg/L during the 1988-1994 study period (Figure 5).
However, violations did occur in the basin.  Lower Salmon Creek occasionally dipped
below 8 mg/L as did Weaver Creek.  Weaver Creek had values near toxic levels for
salmonids (below 5 mg/L) just below the WWTP outfall before the discharge was
diverted.  The low DO levels in Weaver Creek were caused by high biochemical oxygen
demand (BOD) stemming from the Battle Ground WWTP.  While Curtin Creek does not
violate standards, it demonstrates low oxygen saturation levels.  Lower Salmon Creek
exhibited oxygen supersaturation of up to 140% in the summer, probably reflecting
eutrophication influences due to nonpoint source loading of nutrients.
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Ammonia

The un-ionized fraction of ammonia is toxic to fish and is dependent on pH,
temperature, and the total ammonia concentration.  Ammonia is usually present at
natural levels below 0.1 mg/L.  However, human activities can increase total ammonia
concentration to toxic levels, which may be as low as 0.3 mg/L for some salmonids
(Goldman and Horne 1983).  Ammonia can also promote the growth of unwanted algae
and plants.

The data show that ammonia concentrations were quite low throughout the year
(generally below 0.1 mg/L), but that concentrations occasionally exceeded 1.0 mg/L
during low flows (Figure 6).  Concentrations were consistently highest in the Weaver
Creek basin before the WWTP discharge was diverted, and were also high within Mill
Creek basin, which had one measurement of 5.41 mg/L that violated the applicable
ammonia chronic criterion of 1.44 mg/L for a pH of 7.8 and temperature of 18.2° C.

Nitrate-Nitrite

Most surface waters contain some nitrates, however, there is usually less than 1 mg/L.
The presence of nitrates in concentrations greater than 4-5 mg/L may reflect unsanitary
conditions, since one major source of nitrates is human and animal wastes.  Plants are
capable of converting nitrates to organic nitrogen such that excessive amounts can
stimulate plant growth.  High concentrations of nitrates can also be a human health
concern (i.e., drinking water levels should be less than 10 mg/L nitrate plus nitrite).

Nitrate-nitrite levels were high year-round; only the headwaters typically had
concentrations below 1 mg/L (Figure 7).  The dry season had some of the highest values
recorded, with Weaver Creek and Curtin Creek exceeding 5.0 mg/L.

Phosphorus

Phosphorus, normally the most growth limiting nutrient in aquatic environments, is
often present in large amounts in streams because of its use in detergents and its
presence in human and livestock wastes.  Mean phosphorus concentrations in
southwestern Washington for all the stream/river Ecology ambient monitoring stations
are less than 0.060 mg/L.

Like nitrate-nitrite and ammonia, the highest phosphorous values were recorded
during the dry season (Figure 8).  Values were generally high throughout the basin.
Weaver Creek and Mill Creek were the only sites to exceed 1.0 mg/L.
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Battle Ground WWTP Discharge

Weaver Creek had some of the highest concentrations of nutrients and bacteria prior to
the removal of the Battle Ground WWTP discharge in April 1993.  During the dry
season, before the WWTP discharge was removed, Weaver Creek typically had
phosphorus concentrations that ranged between 1.0 and 4.5 mg/L. However, after the
Battle Ground waste treatment facility outflow was diverted to the Columbia River,
Weaver Creek water quality changed.  Nutrient concentrations all dropped
dramatically in the spring of 1993, maintaining low values from that point on (Figure 9).
Fecal coliform levels, however, did not show a clear reduction after the diversion,
implying that they are primarily caused by nonpoint sources (Figure 10).
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Figure 9. Nutrient concentrations in Weaver Creek, 1991-1994
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Figure 10. Fecal coliform concentrations in Weaver Creek, 1991-1994
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Nonpoint TMDLs
The Clean Water Act (CWA) Section 303(d) requires states to effect pollution controls on
waterbody segments where technology-based controls are insufficient to reach water
quality standards.  To meet this requirement, a total daily maximum load (TMDL) must
be established for each pollutant violating water quality criteria.  The TMDL is the sum
of point and nonpoint sources as wasteload (WLA) and load (LA) allocations,
respectively.  Allocations are implemented through NPDES permits, grant projects, and
nonpoint source controls.  Thus, the TMDL process helps bring problem waterbodies
into compliance with water quality standards.

The TMDL evaluation uses monitoring data and models to estimate pollutant loads that
a waterbody can receive and still meet water quality standards.  EPA's regulations [40
CFR 130.2(i)] state that ". . .TMDLs can be expressed in terms of either mass per time,
toxicity, or other appropriate measure. . ."  EPA specified other appropriate measure as
a key concept for establishing nonpoint pollutant source controls.

Where a large nonpoint source component is included in the TMDL, as in the Salmon
Creek drainage, or where data contain a high degree of uncertainty, a phased TMDL
approach is appropriate (EPA 1991).  The LAs under a phased TMDL are refined as
specific nonpoint problems undergo control measures, and as additional data are
obtained.  Ecology has recently clarified key steps of phased TMDLs as follows:

1. Define the beneficial uses affected
2. Determine the factors/causes
3. Determine the targets and priorities
4. Develop the pollution controls and identify resources
5. Monitor the results
6. Adjust the controls
7. Involve the public at all steps

The following is a discussion of the Salmon Creek phased TMDL with respect to these aspects.

Beneficial Uses Affected
The beneficial uses affected in the Salmon Creek drainage have been documented in the
watershed management plan entitled, "The Legacy, The Salmon Creek Watershed
Management Plan" (Salmon Creek Citizen Advisory Committee et al. 1993).  Overall, the
document supports a comprehensive multiple-use approach to watershed management
where purposes of flood control, stormwater treatment, wildlife and fisheries, forest
management, agriculture, recreation, and other uses can all be met jointly to protect
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natural resources for both the assurance of sustainable economic prosperity and quality
of life.  Specific degradation of beneficial uses identified in the basin include primary
contact recreation due to waste contamination, and loss of wildlife and salmonid
rearing/spawning habitat due to a host of instream and watershed disturbances.

Factors/Causes

The 303(d) list identifies fecal coliform as the most pervasive problem in the Salmon
Creek drainage (Table 1).  The data reviewed in this report support the listing, but also
indicate nonpoint pollution problems with turbidity, dissolved oxygen, nutrients, and
temperature.  It is likely that these problems are all related to the land-use and stream
corridor problems discussed in the Introduction.  It is also likely that targeting one or
two of these parameters for TMDLs will help manage the others as control measures are
implemented in the drainage.   Fecal coliform and turbidity have been targeted as
nonpoint TMDL parameters for Salmon Creek (Cusimano and Giglio 1995).  These two
parameters have state water quality criteria and suitably reflect land-use practices and
stream corridor disturbances.

Land uses in the drainage, as defined by two geographic information system (GIS) data
layers called "parcels" (based on assessed land use for tax purposes) and "land use"
(based on interpretation of 1990 aerial photographs), are listed in Table 4 and 5,
respectively.   Drainage maps representing these two data layers are in Appendix B.
The data layers used to calculate areas and percentages of land-use by subbasins were
provided by the Clark County Department of Assessment and GIS Office, Clark
County, Washington.   The GIS spatial analysis was conducted by John Tooley of
Ecology (Tooley 1995).

The disparate percentages of land use by subbasin between data layers demonstrates
the difficulty in using GIS spatial data to help explain variability in water-quality
samples.  Aggregating the data into mapping and analysis classes to meet water quality
spatial analysis classes contributes to the variance between data layers, but most of the
differences are due to different definitions under which the data were collected.  For
purposes of this report the land use data layer may provide the most information since
it is based on photo-interpretation of land use rather than assessed land use.

The land use information is useful for comparing and contrasting characteristics of the
subbasins.  For example, examining the size and overall characteristics of the major
subbasins (which account ≈75% of land area) shows that Curtin, Mill, Morgan, Weaver,
and Upper Salmon have drainage sizes of similar magnitude but contrasting land use.
Upper Salmon Creek is mostly forested, while Cougar Creek is mostly developed.
Other major subbasins are mostly agricultural, rural, and rural residential.
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Table 4. Salmon Creek Watershed, Parcel Land Use
Total Acres by Subbasin

Subbasin Namea Forest

Vacant/
Mixed/
Open

Agricul-
ture Pasture Rural

Rural
Residen-
tial

Residen-
tial

Parks/
Schools/
Recr.

Public
Facilities

Institu-
tional

Commer-
cial

Light
Industry

Heavy
Industry Roads Total

I-5 North 16.4 643.9 119.2 0.0 150.9 395.8 533.1 48.2 7.4 11.9 87.9 10.2 27.3 1.5 2053.5
I-5 South 33.2 158.5 34.4 0.0 79.5 139.5 208.8 27.4 17.3 8.9 0.0 0.0 0.0 0.3 707.7
114th St. trib. 1.1 30.8 6.0 0.0 23.8 44.0 135.5 18.2 0.3 5.2 11.1 0.5 0.6 0.0 277.1
119th St. trib. 0.9 152.3 8.3 0.0 44.9 216.6 303.6 0.0 3.1 7.2 1.7 0.0 1.5 2.6 742.6
Mainstem Salmon 16.0 354.0 11.3 0.0 24.9 53.3 105.3 19.7 10.8 2.5 21.2 1.7 0.8 0.0 621.6
Pleasant Valley 4.0 270.9 20.8 9.5 230.5 408.0 250.3 27.2 0.0 38.4 0.3 0.0 6.5 0.8 1267.2
Suds 2.3 57.0 0.0 0.0 0.0 41.6 243.8 15.5 5.0 3.7 6.9 0.0 0.0 0.5 376.3
Tenny 7.2 164.3 0.3 0.0 52.3 169.2 323.0 12.7 0.0 3.8 68.5 0.6 20.6 5.4 827.9
Cougar 0.0 288.3 0.0 0.0 81.2 166.0 713.0 119.9 14.4 25.1 168.8 4.9 16.1 0.4 1598.0
Mill 303.3 3014.9 1140.7 40.5 3407.5 1919.7 535.9 71.4 12.7 27.4 107.8 5.6 2.8 0.8 10590.9
Curtin 38.3 1179.3 406.8 40.5 1480.3 1129.7 1367.9 242.5 167.8 43.6 58.2 70.8 79.3 7.7 6312.8
Morgan 32.8 1287.8 238.4 0.0 301.7 791.5 1066.1 96.3 14.8 23.7 175.8 20.4 54.5 3.0 4107.0
Weaver 465.0 2212.1 456.9 60.3 2084.6 1897.4 567.8 285.5 67.0 25.1 47.4 17.2 48.5 2.7 8237.6
Rock 1737.6 896.9 92.0 2.2 1026.2 770.4 130.9 0.0 1.0 1.1 0.0 0.0 1.2 9.0 4668.6
Upper Salmon 4057.4 1047.6 8.4 0.0 614.8 872.7 64.4 62.3 0.7 2.2 3.9 8.1 38.5 0.7 6781.7
Total 6715.3 11758.5 2543.6 153.1 9603.2 9015.5 6549.5 1046.8 322.4 229.8 759.3 140.0 298.2 35.2 49170.3

Percentage Land Use by Subbasin

Subbasin Namea Forest

Vacant/
Mixed/
Open

Agricul-
ture Pasture Rural

Rural
Residen-
tial

Residen-
tial

Parks/
Schools/
Recr.

Public
Facilities

Institu-
tional

Commer-
cial

Light
Industry

Heavy
Industry Roads Total

I-5 North 0.7 26.4 4.9 0.0 6.2 16.2 21.8 2.0 0.3 0.5 3.6 0.4 1.1 0.1 84.1
I-5 South 3.9 18.4 4.0 0.0 9.2 16.2 24.3 3.2 2.0 1.0 0.0 0.0 0.0 0.0 82.3
114th St. trib. 0.3 9.3 1.8 0.0 7.2 13.2 40.7 5.5 0.1 1.6 3.3 0.1 0.2 0.0 83.3
119th St. trib. 0.1 16.1 0.9 0.0 4.7 22.8 32.0 0.0 0.3 0.8 0.2 0.0 0.2 0.3 78.3
Mainstem Salmon 2.0 44.4 1.4 0.0 3.1 6.7 13.2 2.5 1.4 0.3 2.7 0.2 0.1 0.0 78.0
Pleasant Valley 0.3 19.1 1.5 0.7 16.2 28.8 17.6 1.9 0.0 2.7 0.0 0.0 0.5 0.1 89.3
Suds 0.5 12.0 0.0 0.0 0.0 8.7 51.2 3.3 1.0 0.8 1.4 0.0 0.0 0.1 79.0
Tenny 0.7 16.6 0.0 0.0 5.3 17.1 32.7 1.3 0.0 0.4 6.9 0.1 2.1 0.6 83.7
Cougar 0.0 15.0 0.0 0.0 4.2 8.6 37.0 6.2 0.7 1.3 8.8 0.3 0.8 0.0 82.9
Mill 2.7 27.3 10.3 0.4 30.8 17.4 4.8 0.6 0.1 0.2 1.0 0.1 0.0 0.0 95.8
Curtin 0.5 16.8 5.8 0.6 21.0 16.1 19.4 3.4 2.4 0.6 0.8 1.0 1.1 0.1 89.7
Morgan 0.7 26.4 4.9 0.0 6.2 16.2 21.8 2.0 0.3 0.5 3.6 0.4 1.1 0.1 84.0
Weaver 5.3 25.3 5.2 0.7 23.8 21.7 6.5 3.3 0.8 0.3 0.5 0.2 0.6 0.0 94.1
Rock 36.6 18.9 1.9 0.0 21.6 16.2 2.8 0.0 0.0 0.0 0.0 0.0 0.0 0.2 98.3
Upper Salmon 58.5 15.1 0.1 0.0 8.9 12.6 0.9 0.9 0.0 0.0 0.1 0.1 0.6 0.0 97.8
Total 13.1 21.7 4.7 0.3 18.5 16.8 11.8 2.0 0.6 0.4 1.3 0.3 0.5 0.1 92.1
 a Minor tributaries appear in italic.  Tributaries are listed roughly sequentially from mouth to headwaters
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Table 5.   Salmon Creek Watershed, Existing Land Use.
Total Acres by Subbasin

Subbasin Namea Forest Vacant
Agricul-
ture

Residen-
tial

Parks/
Schools

Public
Facilities

Commer-
cial Industry Roads Unknown Water Total

I-5 North 323.1 182.0 641.1 1002.7 202.5 2.2 22.9 22.9 23.5 12.8 7.0 2443.0
I-5 South 113.1 70.8 232.5 281.1 79.0 1.5 0.0 0.0 74.4 1.1 6.4 860.l0
114th St. trib. 45.0 18.9 29.4 151.5 26.1 1.4 8.4 1.4 46.5 3.5 0.4 332.5
119th St. trib. 112.6 95.0 121.9 377.7 22.9 0.4 2.8 1.7 206.6 0.4 6.6 948.6
Mainstem Salmon 84.2 38.3 40.5 112.9 345.6 3.9 5.1 2.5 54.6 0.3 108.8 796.7
Pleasant Valley 242.6 141.7 281.2 487.7 93.7 0.0 0.0 9.5 148.4 0.9 13.2 1418.9
Suds 13.9 58.7 22.7 257.4 21.1 5.0 8.8 0.0 88.4 0.4 0.0 476.4
Tenny 117.6 114.5 91.7 370.2 21.5 1.3 31.3 21.9 217.5 0.5 1.1 989.2
Cougar 128.3 162.8 181.0 759.8 188.4 13.5 116.3 18.1 356.0 3.1 0.8 1928.2
Mill 2212.7 656.7 5760.7 1596.7 112.1 8.7 92.3 7.9 573.8 11.3 22.3 11055.0
Curtin 653.5 603.5 2336.9 1992.7 293.0 192.6 55.1 135.9 763.5 7.1 4.5 7038.2
Morgan 646.3 364.6 1282.4 1317.1 405.1 4.5 45.8 45.7 735.7 25.6 14.0 4886.7
Weaver 2742.5 382.6 3056.2 1596.9 377.5 67.1 28.1 30.8 453.5 15.7 7.3 8758.3
Rock 3436.9 181.3 506.3 536.4 1.1 1.0 2.0 1.2 77.1 0.4 4.0 4747.7
Upper Salmon 5853.4 76.6 237.8 532.3 64.5 0.7 3.9 29.3 126.9 2.7 4.7 6932.7
Total 16725.5 3147.8 14822.3 11373.1 2253.9 303.8 422.9 328.9 3946.5 85.8 201.0 53612.0

Percentage Land Use by Basin

Subbasin Namea Forest Vacant
Agricul-
ture

Residen-
tial

Parks/
Schools

Public
Facilities

Commer-
cial Industry Roads Unknown Water Total

I-5 North 13.2 7.4 26.2 41.0 8.3 0.1 0.9 0.9 1.0 0.5 0.3 100.0
I-5 South 13.1 8.2 27.0 32.7 9.2 0.2 0.0 0.0 8.7 0.1 0.7 100.0
114th St. trib. 13.5 5.7 8.8 45.6 7.8 0.4 2.5 0.4 14.0 1.0 0.1 100.0
119th St. trib. 11.9 10.0 12.9 39.8 2.4 0.0 0.3 0.2 21.8 0.0 0.7 100.0
Mainstem Salmon 10.6 4.8 5.1 14.2 43.4 0.5 0.6 0.3 6.9 0.0 13.7 100.0
Pleasant Valley 17.1 10.0 19.8 34.4 6.6 0.0 0.0 0.7 10.5 0.1 0.9 100.0
Suds 2.9 12.3 4.8 54.0 4.4 1.0 1.9 0.0 18.6 0.1 0.0 100.0
Tenny 11.9 11.6 9.3 37.4 2.2 0.1 3.2 2.2 22.0 0.1 0.1 100.0
Cougar 6.7 8.4 9.4 39.4 9.8 0.7 6.0 0.9 18.5 0.2 0.0 100.0
Mill 20.0 5.9 52.1 14.4 1.0 0.1 0.8 0.1 5.2 0.1 0.2 100.0
Curtin 9.3 8.6 33.2 28.3 4.2 2.7 0.8 1.9 10.8 0.1 0.1 100.0
Morgan 13.2 7.5 26.2 27.0 8.3 0.1 0.9 0.9 15.1 0.5 0.3 100.0
Weaver 31.3 4.4 34.9 18.2 4.3 0.8 0.3 0.4 5.2 0.2 0.1 100.0
Rock 72.4 3.8 10.7 11.3 0.0 0.0 0.0 0.0 1.6 0.0 0.1 100.0
Upper Salmon 84.4 1.1 3.4 7.7 0.9 0.0 0.1 0.4 1.8 0.0 0.1 100.0
Total 32.1 5.8 27.7 20.3 4.0 0.6 0.8 0.6 7.7 0.1 0.4 100.0

 a Minor tributaries appear in italic.  Tributaries are listed roughly sequentially from mouth to headwaters
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In general, the land use data layer helps explain why Upper Salmon meets water
quality standards but the other subbasins do not (i.e., it is mostly forested and less
developed).  Rock Creek is the only major subbasin without an associated monitoring
station, but it can probably be assumed to have similar water quality as Upper Salmon
because of the similarity in land-use and drainage size.

Targets and Priorities

The following targets and priorities for water quality improvement are based on
Washington State's numeric standards for fecal coliform and turbidity.

Fecal Coliform

The fecal coliform concentration-based nonpoint TMDL is simply the Freshwater Class
A fecal coliform standard (WAC 173-201A-030-2):

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

To meet the TMDL, concentration-based LAs were established for monitoring stations
1-9 annotated in Figure 1.  Table 6 lists the dry and wet season levels for both the
geometric means and the 90th percentiles for each site based on the 1988-94 data.  Table
6 also lists the percent reduction required to meet the standard at each site for both
parts of the criteria. The percent reductions required by each part of the criteria were
then compared, and the most restrictive criterion was used to establish the
recommended target level, or LA.  The allocations and percent reductions were
calculated as follows:

1. Partition monthly data into a wet and dry season.

2. Calculate the GM of the data for each of the major mainstem and subbasin
sampling sites for each season.

3. Determine the (log) distribution statistics for each season at each site and calculate
the 90th percentile based on the mean, standard deviation, and Z-score.  Adjust
the distribution such that no more than 10% of the values exceed 200
colonies/100 mL.  Then calculate the GM of the adjusted data.  If the adjusted
GM for a site is <100 colonies/mL, it will be the site LA.  If the GM is >100
colonies/100 mL, the LA will then be 100 colonies/100 mL.
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Table 6. Salmon Creek drainage wet and dry season fecal coliform geometric means, 90th percentiles, and recommended reductions.

Salmon Creek and its
Major Tributaries

Station Name

Si
t
e
#

First Criterion:
Geometric Mean < 100

Second Criterion:
90% of Samples < 200

Recommended Target Levels

Existing
Geometric

Mean

Percent
Reduction

needed
(mean < 100)

Existing
Upper Tenth

Percentile

Percent
Reduction

needed
(90% < 200)

Target
Geometric

Mean

Target Percent
Reduction

Wet
Season

Dry
Season

Wet
Season

Dry Season Wet
Season

Dry
Season

Wet
Season

Dry Season Wet
Season

Dry
Season

Wet
Season

Dry Season

Salmon Creek (mouth) 1 313 129 68 23 1917 301 89 34 33 86 89 34

Cougar Creek 2 722 899 86 89 9243 1803 98 89 16 100 98 89

Salmon Creek (lower) 3 182 281 45 64 1261 806 84 75 29 70 84 75

Mill Creek 4 839 282 88 65 8763 1121 98 82 19 50 98 82

Curtin Creek 5 1155 743 91 87 4409 2608 96 92 52 57 96 92

Salmon Creek (middle) 6 257 453 61 78 1162 869 83 77 44 100 83 78

Weaver Creek 7 534 857 81 88 9204 6509 98 97 12 26 98 97

Salmon Creek (upper) 8 234 751 57 87 1125 1404 82 86 42 100 82 87

Salmon (headwaters) 9 28 54 0 0 200 318 0 37 28 34 0 37
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4. Subtract the LA for each site established in step 3 from the GM calculated in step 2.  
Divide by the GM from step 2 and multiply times 100 to obtain the percent reduction 
required to meet the site specific LAs.

Figure 11 shows how the estimated sample distribution was adjusted to the target distribution
based on the above procedure for wet season data at site 1.  The adjusted frequency distribution
has a 90th percentile of 200 colonies/100 mL, and a GM of 33 colonies/100 mL.  The percent
reduction in this case is 89%.

In summary, the fecal coliform TMDL is simply the concentration-based freshwater Class A
water quality criteria.  Load allocations are the site-specific geometric means needed to meet
both parts of the water quality criteria.  These site-specific LAs can be used as control points to
monitor the success of management measures taken in the subbasins or along the mainstem of
the Salmon Creek drainage.  Figures 12 and 13 are graphical representations of the data
presented in Table 6.

Turbidity
The turbidity nonpoint TMDL is the numeric freshwater Class A turbidity standard
(Chapter 173-201A-030-2 WAC):

Turbidity shall not exceed 5 NTU over background turbidity when
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.

To meet the TMDL, numeric LAs were established for monitoring stations 1-9 annotated in
Figure 1.  Background turbidity was assumed to be equal to turbidity at the headwater
sampling site, which was always less than 50 NTU.  LAs were established such that
turbidity levels would not exceed 5 NTU over background 90% of the time. The 90th
percentile was chosen as a control level for turbidity because allowing 10% of the values to
exceed water quality standards for conventional parameters is supported by EPA (EPA
1995).  The turbidity LA for each site is the background level plus 5 NTU, and the target
percent reduction is the percent reduction required for the 90th percentile of the data to
meet the LA.  Table 7 lists the 90th percentile of background adjusted data (as discussed
below) and target percent reductions to meet the LA.  The allocations and percent
reductions were calculated as follows:

1. Partitioned monthly data into a wet and dry season.

2. Set background turbidity equal to the turbidity level at the headwater sampling
site #9.  For each sampling event, subtract background turbidity from
downstream site values, including tributaries.  Because the criterion applies only
to positive differences between background and downstream sites, all
remainders <0 were set to 0 NTU.
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Figure 11. Frequency plot of estimated sample and target fecal coliform distributions
for site 1 during the wet season.
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Figure 12. Dry season fecal coliform geometric means and proposed percent reductions.
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Figure 13. Wet season fecal coliform geometric means and proposed percent reductions.
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Table 7. Salmon Creek drainage wet and dry season average turbidity, 90th percentiles, and recommended
reductions.

Salmon Creek and its
Major Tributaries

S
i
t
e
#

90th %tile
of Adjusted Dataa

90th %tile
of Adjusted Data minus

LA of 5 NTU

Target Percent
Reductionb

Station Name Wet
Season

Dry
Season

Wet
Season

Dry
Season

Wet
Season

Dry
Season

Salmon Creek (mouth) 1 13.4 3.7  8.4 -1.3 63 0

Cougar Creek 2 20.1 1.9 15.1 -3.1 75 0

Salmon Creek (lower) 3 12.8 1.8  7.8 -3.2 61 0

Mill Creek 4 21.1 3.5 16.1 -1.5 76 0

Curtin Creek 5 5.9 2.8  0..9 -2.2 16 0

Salmon Creek (middle) 6 17.9 2.8 12.9 -2.2 72 0

Weaver Creek 7 10.1 2.0  5.1 -3.0 51 0

Salmon Creek (upper) 8 8.2 3.2  3.2 -1.8 39 0

Salmon Creek (headwaters) 9 NA NA NA NA NA NA

a  Adjusted data equals each site value minus background (site 9) value for each sampling event.
b  Target reduction is the percent reduction required to reduce the 90th percentile of the adjusted data to 5 above background.
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3. LAs for each site are 5 NTU.

4. Determine the (log) distribution statistics for each site during each season for the adjusted
data calculated in step 2.  Calculate the 90th percentile based on the mean, standard
deviation, and Z-score.  Subtract 5 NTU (LA) from the 90th percentile.  If the remainder
is ≤0 NTU, no reduction is necessary.  If the remainder is >0, then divide the remainder
by the 90th percentile value of the adjusted data and multiply by 100 to establish the
percent reduction necessary to meet the LA.

Pollution Controls and Identifying Resources
Developing the pollution control measures or best management practices (BMPs) is an
important part of a phased nonpoint TMDL, because they are the mechanism by which
target pollution reductions can be met.  The target reductions listed in Tables 6 and 7
can only be achieved if resources are allocated to address specific sources of impairment
in the drainage.  Fortunately, there has been an ongoing effort to implement BMPs in
the Salmon Creek drainage.

The National Resources Conservation Service (NRCS) in Brush Prairie, Washington, has
been implementing over 50 different types of BMPs in the Salmon Creek drainage since
early 1990, and is currently compiling a computer inventory of these BMPs (CCCD
1990).  The BMPs that have been and are currently being pursued by the NRCS have
focused on: erosion and sediment control, stream corridor enhancement, animal waste
control, and pastureland and cropland management.  The 1993 watershed management
plan described earlier also recommended BMPs that range from adopting land-use
ordinances, providing developer incentives, minimizing impervious surfaces,
stormwater management, public education, as well as many of those currently being
implemented by the NRCS.  In addition, SWHD has designed a BMP for maintaining
septic systems that can be implemented in the Salmon Creek drainage.  The BMP
specifies methods for the maintenance of on-site sewage treatment systems.  A copy of
the septic BMP is in Appendix C.

Although all of the subbasins and mainstem control sites have high concentrations of
fecal coliform and elevated turbidity, it would be logical to focus efforts in the drainage
from upstream to downstream.  Since the historical data show little degradation in the
upper basin, enhancement BMPs should be implemented below this point.  However,
maintaining good water quality in the upper basin should also be a priority since it may
experience growth pressures and timber harvest.   Preventative BMPs such as erosion
control for new developments should be instituted and attention should be paid to
changes in land use in the "healthy" parts of the basin.
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Currently there are a number of local agencies and organizations that have interest in or
are working to improve water quality in the Salmon Creek Drainage.  They include:

Clark County Department of Community Development
Clark County Parks and Recreation Division
Southwest Washington Health District
Clark County Conservation District
Natural Resources Conservation Service
Clark Public Utilities
Pacific Groundwater Group (Consultant for Clark Public Utilities)
Salmon Creek Citizen Advisory Committee

In order to facilitate these local efforts, Ecology should endorse the funding of projects
in the Salmon Creek basin which support the goals of the fecal coliform and turbidity
TMDLs.  In addition, Ecology should designate personnel resources to help organize
watershed management activities and maintain coordination and communication
among the above groups.

Monitoring the Results

Once BMPs have been implemented, evaluating the effectiveness of the controls relative
to the target LAs is important.  Clark Public Utilities recently contracted with the Pacific
Groundwater Group (PGG) to prepare a sampling plan for the Salmon Creek drainage.
PGG submitted a sampling plan to Clark Public Utilities on February 28, 1995, that
includes continued sampling at the control points used to establish LAs for fecal
coliform and turbidity.  Sampling began in summer 1995.  In order to effectively
evaluate the target indicators, sampling methods and water quality variables should
correspond to those followed during the 1988-1994 sampling programs.  Ecology should
seek to ensure that this sampling effort will meet TMDL monitoring requirements, and
work with Clark Public Utilities to secure adequate funding to maintain the monitoring
program over time.

Adjusting the Controls

A phased TMDL requires that the BMP strategy be amended if targets are not being
met.  Although BMPs have been implemented since early 1990, a significant level of
BMPs must be installed before significant pollution reductions will be realized.
Monitoring results should be periodically examined to determine the effectiveness of
BMPs at reducing nonpoint pollutants.
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Involving the Public at All Steps

Control measures in a nonpoint TMDL are dependent on individual land management
activity.  Consequently, public participation in identifying where and how to focus on
areas that contribute to nonpoint pollution will be critical.  Public education is also
important in controlling nonpoint pollution.

Water Resources
In addition to water quality, another component of the Salmon Creek drainage water
resources is water quantity.  Table 3 shows that the lowest monthly average and
minimum flows occur during August and September.  Water withdrawals due to water
right/claim use could result in further decreases in summer low flows, with potentially
and probable deleterious effects on water quality.

Appendix D contains an Ecology memorandum which summarizes some of the water
right/claim use issues in Salmon and Burnt Bridge Creeks.  Evaluating water
right/claim use is an ongoing project in the drainage.  Currently there are 132 water
rights and 238 claims in Salmon Creek.  Water rights in Salmon Creek are reported to
total 31.4 cfs (personal communication, Chris Anderson).  Ecology, Clark County, and
Clark Public Utility have agreed to use a stream flow of 12 cfs at Klineline Park to
initiate action on water use in the basin (Memorandum of Agreement 1995).  It will be
important to monitor stream water quantity and water use allocations so that a safe
level of minimum flows can be maintained for all beneficial uses in the Salmon Creek
basin.
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Conclusions and Recommendations
• Historical water quality data support the 303(d) listing of fecal coliform as one of the

most significant water quality problems in the Salmon Creek drainage.  However,
the data also point to other basin-wide water quality problems such as high
turbidity, nutrients, temperature, and low dissolved oxygen.  It is likely that these
problems are all related to land-use and stream corridor disturbances.

• Increasing stream shading, especially in the lower reaches of Salmon Creek, is
recommended to help reduce water temperatures during the summer.  In addition,
revegetating stream banks can be done in conjunction with bank stabilization to help
reduce instream turbidity.

• Using data collected during 1988-1994, phased TMDLs are recommended for fecal
coliform and turbidity to help control nonpoint source pollution in the Salmon
Creek drainage.  TMDLs for these parameters were based on meeting the water
quality standard at site-specific control points in the Salmon Creek drainage during
both wet (November-April) and dry (May-October) seasons.  Implementing control
measures for these parameters will probably also mitigate problems with nutrients
and low dissolved oxygen in the basin.

• Currently there are a number of local agencies and organizations that have interest
in or are working to improve water quality in the Salmon Creek drainage.  In order
to facilitate the efforts of local groups, Ecology should target grant funds and
personnel resources to help with implementing BMPs and organizing watershed
management activities in the basin.

• Follow-up monitoring is needed to evaluate the effectiveness of pollution control
measures in the Salmon Creek drainage.  Clark Public Utilities has recently begun an
ambient monitoring program.  Ecology should work with the Utility to ensure that
the sampling design is appropriate to evaluate the fecal coliform and turbidity
TMDLs and LAs.

• Water quantity in Salmon Creek and water use allocations should be closely
monitored to make sure that a safe level of minimum flows can be maintained for all
beneficial uses in the Salmon Creek basin.
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Appendix A
Raw Data from 1988-89 and 1991-1994





















Appendix B
Salmon Creek land use maps based on

existing and assessed (parcels) land use



See hard copy of the report for this map.



See hard copy of report for this map.



Appendix C
Southwest Health District's

septic best management practice



Best Management Practices
Maintenance of Septic System

I Introduction / Background

On-site sewage systems are necessary to serve dwellings and some non-residential
buildings where sewer is not available and density is low.  In past decades, septic systems
failed due to placement, design, installation or lack maintenance, causing potential public
health hazards and/or pollution of surface and ground water.  In recent years, technology
has advanced to the level where modern on-site sewage systems can be expected to
provide a high degree of treatment and public health protection as well as protection of
the environment.

The proper placement, design and installation of on-site sewage treatment systems
provides a high degree of quality assurance for resource protection.  However, proper
maintenance of septic systems is an essential component protecting public health and
water quality.  Most often, septic system failure is due to lack of maintenance by the
property owner.  Without monitoring the condition of the septic tank, the potential for
discharging excessive solids/scum into the drainfield exists.  This can lead clogging of
the drainfield lines.  With the addition of assured maintenance, the on-site sewage
treatment and disposal system can be considered a more reliable facility.

Best Management Practices (BMP) protect the public health and environment from
potential adverse affects of sewage from failing on-site sewage treatment systems.  This
BMP is intended to do so by diminishing the possibility of sewage system failures by
requiring periodic owner maintenance.

II Purpose and Scope

This BMP sets forth methods for the maintenance of on-site sewage treatment systems;
Maintaining septic system records; Regular inspection every 4 years; Regular septic tank
pumping every 8 years or justification if not needed.  This BMP would be applicable to
Southwest Washington Health Distrist REGULATION NO. 92-01 On-Site Sewage
Treatment System Maintenance



III Septic System Maintenance

A. Records and identification of septic system.

Developing and acquiring septic system records is essential to septic system maintenance
for determining the location and capacity of the septic system.  To accomplish this, two
sources of records are available.

1. Health Agency Records

Installed septic systems can be identified by reviewing records (if available) of
permitted septic system.  Identification may be accomplished through on-site sewage
treatment system identification numbers, tax serial numbers, permit holders name,
location or date issuance of permit.  Records may include septic system permits,
design requirements, construction as-built sketches and soil logs.

2. Operator (Owner) Records

The operator (owner) records should include:

a) A record (plot plan) showing the location of the septic tank and drainfield.
This should include distance from house, property lines, etc.

b) A record (if applicable) of the design of the septic system.  These records
have been developed for permitted pressurized or pretreatment septic systems.

c) A record of dates when owner inspected all components of the septic system.
This will include (if applicable) inspection dates of septic tank effluent pump,
pump chamber, distribution box and drainfield.  This record should contain
inspection findings.

d) A record of dates the septic tank was pumped.

e) The inspection and pumping record should be posted on the premises to
provide a maintenance record and reminder to current and future tenants.
(Recommended location: on the electrical service fuse box).



B. Inspection of septic system components every f our (4) years.

Owners of a septic system (including gravity, pressurized and pre-treatment septic
systems) for residential or non-residential use would be required to provide proof that
inspection has occurred at least once every four (4) year.  These inspections can be
conducted by the homeowner, a licensed pumper, a Registered Sanitarian, qualified
Sewer Utility Technician or the health authority’s Environmental Health Specialist.

Inspecting a septic system requires removing soil over the tank (usually located 5-10 feet
from house) so all manholes and inspection ports to the tank can be opened.  The top of
septic tank is usually 6 inches to 2 feet below the ground surface.  Once the top of septic
tank is exposed, the septic tank and contents can be inspected, measured and pumped (if
needed).  NEVER ENTER AN EMPTY OR PARTIALLY FILLED SEPTIC TANK.
Gases produced in the tank can be explosive and can cause death.  Personal protection is
very important: wear gloves during inspection and wash hands after inspection to
reduce risk of contamination.

Inspections consist of:

1. Observe the septic system area for surfacing sewage and physical damage.

2. Measuring septage levels in the septic tank, including the floating “scum” layer
and the settled “sludge” layer to determine whether this material will remain in
the septic tank.  (Refer to section C. Pumping septic tank every 8 years, if needed
for techniques for measuring septage)

a) If scum layer is within 6 inches from the bottom of the outlet baffle, pumping
would be recommended.

b) If sludge layer is within 12 inches from the bottom of the outlet baffle
pumping would be recommended.

c) If the scum layer or septage levels are noticeably below the outlet then
consider the septic tank to be leaking.



3. Inspecting the inside of the septic tank for the condition of the inlets, outlets,
baffles.

a) For concrete baffles only a minimal amount of corrosion is allowed on
surfaces.  If concrete edges are noticeably pitted and uneven, condition would be
considered poor.

b) Plastic baffles having loose joints to septic tank outlet are considered a poor
condition.

4. Inspection (if applicable) the pump systems.  This includes screens, floats and
alarm systems to ensure proper operation (recommend addition of screen and alarm
if none is present).  Be cautious of potential sewer gas.

a) Test the pump f or proper operation.  Observe the pumping cycle f or proper
operation (this would include the area over the transport line for pressure leaks).

b) Inspect all mechanical and electrical components for corrosion (this includes
electrical connections and wiring).  Unplug electricity before handling
electrical components.

c) If water or scum marks are higher than pump float(s) then consider the screen
to be restricting flow and requires cleaning.

d) If noticeable scum or sludge is observed removal of material is required.

5. Uncover and inspect the distribution box (if present) to ensure proper operation.

a)  Inspect distribution box for cracks and corrosion.

b)  Water test distribution box for equal distribution to outlets pipes.  This is
done by pouring water into distribution box and watching it's drainage for equal
distribution.

c) If septage levels are above outlet pipes then consider drainfield to restrict flow
for usage and this requires corrective measures.  Contact the local health
agency for assistance.



6. Inspect the drainfield to ensure proper operation.

a) Inspect for surfacing sewage.

b) Inspect condition of ground cover of drainfield area.  If the drainfield area is
used for a driveway, landscaping, corral, etc., the drainfield will not work
properly.  This condition would tend to compact the soils, reduce the assistance
from evaporation and transpiration in the disposal of the effluent, and reduce the
accessibility to the system.

c) Inspect for surface water diversions over tank and drainfield.  All surface
water diversions such as roof, road, patio, etc... drains should be diverted away
from the septic tank, pump chamber, and drainfield area.

d) Inspect drainfield area for height of tree.  Trees surrounding the drainfield
should be half the projected height in distance from the drainfield.  This distance
will minimize roots in the drainfield for most tree species.

e) Evaluation and placement of barriers, where needed, to protect the system
from traffic.

C. Pumping septic tank every 8 years, if needed.

Every septic tank subject to this BMP must be pumped not less than once every eight (8)
years.  To avoid pumping in eight years, the owner shall provide to the health authority
an inspection report that is certified by a Registered Sanitarian, qualified Sewer Utility
Technician or Health District Environmental Health Specialist that the contents the septic
tank have not reached levels necessary for pumping, and providing a calculated estimate
as to when pumping will be needed.  At the preference of the on-site system owner, the
required inspection report may be generated and signed by licensed pumper.



1. Pumping a septic system requires removing soil cover over the tank (usually
located 5-10 feet from house) so the manholes to the tank can be opened.  The
manhole is usually 6 inches to 2 feet below the ground surf ace.  Once the
manhole is opened, the contents of the tank can be checked and/or pumped into a
truck for disposal at an approved site.  NEVER ENTER AN EMPTY OR
PARTIALLY FILLED SEPTIC TANK.  Gases produced in the tank can be
explosive and can cause death.  Personal protection is very important, wear
gloves during pumping inspection and wash hands after inspection to reduce
risk of contamination.

Scum layer:  The layer which float on top of the septage.

Sludge layer:  The layer which settles at the bottom of the septic tank:

2. The following are steps to take to check your septic tank to see if it needs to be
pumped.

a) Wrap a strip of toweling around the bottom 3 feet of a 6 foot probing stick and
mark the length of the stick in half foot increments.  Then attach a "foot" to the
stick (this would involve tacking a small piece of wood to the end of the stick
having the towel).

b) With the towel end down, lower the stick to the bottom of the tank (if
available lowering the stick behind the baffle or through the sanitary tee, this will
prevent the scum layer from adhering to stick).  Once the stick has stopped
measure the depth of the septage in the tank and let the stick remain for a few
minutes.

c) Carefully remove the stick.  The toweling should reveal the sludge line and
measure it's thickness from the bottom of the stick.

d) Lower the stick along the outlet baffle/tee.  With the use of the foot determine
the length of the outlet baffle/tee by rotating and raising the stick so the foot is
caught by the bottom of the outlet baffle/tee.  Measure length of outlet baffle/tee
and remove stick.



e) Slowly lower the stick into the scum layer (the stick will have resistance
through the scum layer).  Once through the scum layer with the use of the foot,
determine the thickness of the scum layer.  This is done by rotating and rasing
the stick so the foot is caught by the bottom of the sum layer.  Measure the
thickness of the scum layer.  Remove stick and wash it to remove contamination.

f) Sketch all measurements on a piece of paper comparing the depth of the
septage, the thickness of the scum and sludge layers and the length of the outlet
baffle/tee.

g) The thickness of the scum layer should be no less than 6 inches above the
bottom of the outlet baffle/tee.  The top of the sludge layer should be greater than
12 inches below the outlet baffle/tee (see figure 10).  Note:  most septic tanks
have two compartments that require checking.

h) If your measurements reveal sludge levels not within these perimeters, you
should have your tank pumped.

i) Discharge of excessive solids/scum into the drainfield can lead to clogging of
the drainfield lines.  The tank should be pumped before experiencing problems.

j) The inspection and pumping record should be posted on the premises to
provide a maintenance record and reminder to current and future tenants.v
(Recommended location: on the electrical service fuse box).

k) PUMPER TO NOTIFY OWNER AND THE HEALTH AUTHORITY IF
REPAIRS ARE NEEDED.  Repair Permit & Inspection would be required where
serious problems are encountered.  Contact the local health agency for
assistance.



Appendix D
Memorandum on water right/claim use



MEMORANDUM

November 18, 1994

TO:   Gale Blomstrom

FROM: Chris Anderson

SUBJECT:  Recommendation for Metering Existing Surface Water Withdrawals in the Salmon
Creek and Burnt Bridge Creek Basins in Clark County

This is my recommendation for metering of diversions for existing surface Water Rights and
Claimed water uses to meet the requirements of HB1309 (Chapter 506-64 WAC).  Both Salmon
Creek and Burnt Bridge Creek in our region and the Snake River in the Eastern Region, have
been chosen as the first basins in the state that our program will initiate mandatory metering in.

Salmon Creek and Burnt Bridge Creek have been chosen for metering based on the following:

1)  An existing, on-going water right enforcement project dealing with surface water
rights, claims, and unauthorized uses.  This is part of a cooperative effort (MOU)
between Ecology, Clark County and Clark Public Utilities;

2)  Salmon Creek was ranked in the SASSI report for Coho Salmon;

3)  Our need for data collection, to verify use, to assist us in updating our records, and as
a continued effort to educate the public.

I will be sending letters, followed by administrative orders, to 48 property owners who have
water rights or claims as follows:

Water Rights      Claims
Salmon Creek 29 16

Burnt Bridge Creek  2  0
Total 32 16

The property owners of permitted or claimed use in the basins, the 48 chosen to receive the first
mailing, will be sent a letter explaining the metering requirements, metering information and
guidance, Chapter 508-64 WAC, reporting criteria, and a copy of their water right or claim. This
first mailing does not include all issued surface water rights or claims, but will be sent to those
with diversions that equal or exceed 0.20 cfs (90 gpm).  A month later an order requiring
installation of the metering device will be issued.  If it is deemed necessary and/or appropriate,
the owners of water rights and claims under 0.20 cfs will be sent the same letter/order at some
future date.



ANALYSIS OF WATER RIGHT/CLAIMED USE IN BOTH BASINS

Below is the total of water rights and claims. These totals were used in calculating metering
requirements for both basins.

Water Rights      Claims
Salmon Creek 132 238

Burnt Bridge Creek  30  23
Total 162 261

WATER RIGHTS

I used Linton Wildricks 90/10 theory that suggests, by a statistical approach, that 90% of the
water in a given basin is used by 10% of the water rights.  I am basing my choice on this
statistical analysis because it appears to be both logical and defendable.

When I ran this calculation on the water rights issued in these basins, I found that 20% of the
water rights use 87% of the water.  I also found that a cut-off point of 0.20 cfs would result in the
same 87%.  Thus, any water right that equals or exceeds 0.20 cfs will receive a letter and order.

Water rights in both basins total 38.1 cfs.  This approach will require metering of 32 water rights
for 32.4 cfs.  Some of the water rights are issued for non-consumptive uses.  Non-consumptive
rights, one for 15 cfs, are included and the owners will be required to measure the water supply
into the storage facility at the point of diversion, and the water returned to the creek at the point
of return.  This data can be used to determine if it is truly a non-consumptive use.

CLAIMS

There are 261 claims for surface water in both basins.  Claims offer the greatest challenge for
this project.  Data is limited, unreliable, and each claim must be considered at face value.

After analysis of the claims database, I calculated an estimated quantity that could be withdrawn
based on the available data.  There are four reported uses on the claim forms; Domestic,
Stockwater, Irrigation, and Other.  For an estimated quantity, I used these assumptions in my
calculation:

1) Domestic and Stockwater = 0.02 cfs;

2) Irrigation = 0.02 cfs per acre;

3) Other = 0.02 cfs.

Of the 261 claims it is possible that approximately 16 cfs could be in use.   Most claims reported
Domestic and Stockwater as the primary use of water.  Of the 261 claims, 68 reported Irrigation
of more than 1 acre.  Based on the information available, the remaining claims for irrigation are
estimated to be for less than one acre.  The acres in claims that reported the number of acres
irrigated were used to calculate a quantity needed for irrigation.  Because Other is not defined, I
assumed an additional 0.02 cfs could be used.

Using the same cut-off as I used for the Water Rights, 0.20 cfs, I calculated the claims that would
require metering. There are 16 claimed uses that equal or exceed 0.20 cfs. Of the approximate
16 cfs in claimed use, over 8 cfs would be metered.


