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Abstract
This report summarizes water quality and flow data collected by Thurston County
Environmental Health (TCEH) for the 2016 to 2017 Water Year. Each month, from October
2016 to September 2017, TCEH monitored local streams and rivers as part of our Ambient
Water Quality program. TCEH has 34 sites in eight major watersheds of Thurston County
where we collect some or all of the following data: fecal coliform bacteria, total phosphorus,
nitrite+nitrate, water temperature, dissolved oxygen, pH, specific conductivity, turbidity,
stream discharge, and stream stage (gage height).
Water temperature was too high at half of our sites designated as Spawning, Rearing, and
Migration habitat and at half of our Core Summer Salmonid Habitat sites. Temperature at
our marine site was too high, as well.
Dissolved oxygen (DO) was too low at over 30% of sites designated as Salmon Spawning,
Rearing, and Migration habitat and over 40% of Core Summer Salmonid habitat.
The pH at most sites (over 80%) met the surface water quality standard. The maximum pH
was too high at one freshwater site and too low at three freshwater sites and one marine
site.
For the twenty freshwater streams designated as Primary Water Contact Recreation, 95%
met Part 1 and 75% met Part 2 of the fecal coliform bacteria criteria. For the thirteen
freshwater streams designated as Extraordinary Primary Water Contact Recreation, 92% met
Part 1 and 54% met Part 2 of the fecal coliform bacteria criteria.
The one marine site failed both parts of the Marine Primary Contact Recreation criteria.
Nutrient enrichment was widespread at TCEH Ambient Stream sites. The mean total
phosphorus concentration was higher than the reference condition in almost all (94%) of
TCEH’s ambient stream sites. Nitrogen pollution was almost as pervasive at phosphorus
pollution. The mean nitrite+nitrate concentration was higher than the recommended
reference condition at 76% of the stream sites.
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Introduction
Our goal is to protect the public health by preventing pollution of Thurston County waters.
To accomplish this goal, Thurston County Environmental Health (TCEH) has been monitoring
the ambient condition our Thurston County streams since 1988. TCEH’s monitoring data is
used to advise the public of health risks and track trends in water quality. Our ambient
monitoring data is used to identify areas affected by pollution, such as: water contaminated
with fecal matter that may threaten public health; water bodies enriched with nutrients that
could cause eutrophication and algal blooms; or rivers and streams where poor water quality
prevents salmon from successfully surviving and completing their life cycle.
This report summarizes Thurston County’s water quality and stream flow data for the 2016
to 2017 Water Year (October 2016 to September 2017). This work is funded by Thurston
County Stormwater Utility, City of Lacey, City of Olympia, and City of Tumwater.

Executive Summary
Temperature
Aquatic life uses are designated based the presence of, or intent to provide protection for,
the key indigenous fish species. TCEH ambient stream sites have two aquatic life use
categories:
•
•

Salmon Spawning, Rearing, and Migration
Core Summer Salmonid Habitat

The temperature standard for Salmon Spawning, Rearing, and Migration habitat is 17.5° C.
Temperatures exceeded the standard at half the sites designated as Salmon Spawning,
Rearing, and Migration habitat.
The temperature standard for Core Summer Salmonid Habitat is 16.0° C. Temperatures were
too high at half of sites designated as Core Summer Salmonid Habitat.
Temperature at the one marine site, which discharges into the Nisqually Reach, exceeded
the standard for Extraordinary Quality Marine Water (13° C).

Dissolved Oxygen (DO)
About one-third of sites designated as Salmon Spawning, Rearing, and Migration habitat had
dissolved oxygen (DO) concentrations too low to support that use (below 8.0 mg/L).
The DO concentration dropped to levels too low (below 9.5 mg/L) to support Core Summer
Salmonid Habitat at over 40% of sites.
At the one marine site, the DO concentration was above the minimum required (7.0 mg/L)
for Extraordinary Quality Marine Water every month, except one.
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pH
The pH criteria were met at over 80% of sites.
•
•

86 % of Salmon Spawning, Rearing, and Migration sites
89% of Core Summer Salmonid Habitat

The maximum pH was too high at one freshwater site and too low at three freshwater sites
and one marine site.

Fecal Coliform Bacteria
Three types of recreational uses apply to TCEH ambient stream sites:
•
•
•

Freshwater Primary Water Contact
Freshwater Extraordinary Primary Water Contact
Marine Primary Water Contact

Fecal coliform bacteria in surface water indicates contamination with fecal matter. The State
of Washington establishes standards for the amount fecal coliform bacteria in surface waters
to protect public health and reduce the risk of waterborne disease. Two criteria are used for
Water Contact Recreation:
•
•

Part 1: Geometric Mean does not exceed the criteria value
Part 2: No more than 10% of samples exceed the criteria value

Twenty freshwater sites are designated Primary Contact Recreation to reduce the risk of
waterborne disease through water contact. Most of these sites (95%) met Part 1 of criteria
for fecal coliform. A majority (75%) of these sites also met Part 2 of the criteria.
Thirteen freshwater sites are designated as Extraordinary Primary Contact Recreation to
reduce the human health risks of water contact and shellfish consumption. Every site, except
one, met Part 1 of the criteria. Almost half of these sites (46%) failed to meet Part 2 of the
fecal coliform bacteria criteria.
The one marine site failed both parts of the Marine Primary Contact Recreation criteria for
fecal coliform.
Table 1 summarizes compliance with Water Contact Recreation fecal coliform bacteria
criteria. Sites on the same stream are differentiated by u/s (upstream) and d/s
(downstream).
Table 1. Compliance of ambient stream sites with fecal coliform bacteria criteria.

Watershed

Streams that Met
Both Parts

Totten

Kennedy
Schneider d/s

Streams that Failed
Part 2
Schneider u/s
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Streams that
Failed Both
Parts

Watershed

Streams that Met
Both Parts

Eld

Perry

Skookumchuck

Skookumchuck

Chehalis

Black

Prairie
Scatter u/s
Chehalis
Salmon
Blooms Ditch
Black u/s & d/s
Beaver

Budd

Black Lake Ditch

Deschutes

3 Deschutes sites
Reichel
Spurgeon
Chambers

Streams that
Failed Both
Parts

McLane
Green Cove

Scatter d/s

Percival Indian

Moxlie

Woodard
Tanglewilde
Woodland u/s & d/s

Henderson
Nisqually

Streams that Failed
Part 2

Yelm Mouth
Thompson

Eaton
McAllister

For names of upstream (u/s), middle (mid), and downstream sites, please refer to Appendix B.

TCEH monitors two nutrients:
•
•

Total Phosphorus (TP)
Nitrite+Nitrate (NOx)

The average (mean) concentration of total phosphorus was higher than the reference
condition at 94% of TCEH’s ambient stream sites.
The mean nitrite+nitrate concentration was higher than the standard at 76% of the sites.

Water Quality Standards and Designated Uses
Surface water quality standards are described in Chapter 173-201A of the Washington
Administrative Code (WAC, 2016). Water bodies are classified based on designated uses. In
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Washington State surface water quality standards, freshwater aquatic life use categories are
described using key fish species (salmonids versus warm-water) and life-stage conditions
(spawning versus rearing). Two aquatic life use categories apply to Thurston County
freshwater streams:
•
•

Salmon Spawning, Rearing, and Migration
Core Summer Salmonid Habitat

There are water quality standards for temperature, dissolved oxygen (DO), and pH for these
two aquatic life use categories. One ambient stream site is classified as marine, based on
salinity profiles. Standards for temperature, DO, and pH for these designations are given in
Table 2.
Table 2. Water quality standards for TCEH sites based on designated aquatic life use.

Aquatic Life Use
Freshwater
Parameter
Temperature
Dissolved
Oxygen
pH

Marine

Freshwater Salmonid
Spawning, Rearing
and Migration Habitat

Core Summer
Salmonid Habitat

Extraordinary Quality

Highest 7-DADMax is
17.5° C
8.0 mg/L is the lowest
1 day minimum

Highest 7-DADMax is
16.0° C
9.5 mg/L is the lowest
1 day minimum

Highest 7-DADMax is
13.0° C
7.0 mg/L is the lowest
1 day minimum

The range is 6.5 to
8.5, with human
caused variation less
than 0.5 units

The range is 6.5 to
8.5, with human
caused variation less
than 0.2 units

The range is 7.0 to 8.5,
with human caused
variation less than 0.2
units

The 7-DADMax (7-day average of daily maximum) is the arithmetic average of seven consecutive measures of
daily maximum temperatures.

Appendix A lists the water quality criteria for all Thurston County stream sites. Included in
that appendix is a list of supplemental salmonid spawning periods for several streams. For
those streams, water temperature needs to be below 13.0° C during the supplemental
period for successful spawning and incubation of salmonids.

Dissolved Oxygen (DO)
Dissolved oxygen (DO) is a major indicator of water quality. Aquatic life depends on a
sufficient level of oxygen dissolved in water to survive. When the amount of oxygen drops
below levels necessary for sustaining aquatic life, water quality becomes significantly
impaired. This condition is often called low DO.
The amount of oxygen molecules dissolved in water depends on many variables. Stream
morphology affects re-aeration and oxygen capacity of a stream. A high gradient turbulent
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stream with shallow depth has better re-aeration potential than a low gradient, sluggish
stream with deep pools. A stream reach directly downstream from a wetland may reflect the
naturally low DO concentrations found in some wetlands.
Flow regime affects DO concentration. Low flow conditions may reduce a normally wellaerated stream with alternating riffles and pools to stagnant pools with low oxygen levels.
Ground water, a primary source of river flow during dry the dry season and base flow
conditions, is naturally low in DO.
Water temperature affects the solubility of oxygen. In general, cool water can hold more
oxygen than warm water. Oxygen solubility decreases in warmer water. At the same time,
warmer temperatures increase metabolic rates that consume oxygen.
Excessive nutrients, like phosphorus and nitrogen, act like fertilizer which amplifies algae
growth. When the algae die, the decomposition process consumes oxygen, reducing the
available oxygen in the water needed to support aquatic life. The excessive addition of
nutrients (cultural eutrophication) can increase the amplitude of the daily swings, as respiration
consumes more oxygen at night and photosynthesis produces more oxygen during the day.

Fecal Coliform Bacteria
Fecal coliform (FC) bacteria live in large numbers in the intestines of warm-blooded animals.
Although not usually not pathogenic, the density of FC is used an indicator of fecal
contamination of water bodies. Contaminated water can spread diseases because
pathogenic bacteria and viruses can exist in fecal material. Common waterborne diseases
include viral and bacterial gastroenteritis and hepatitis A. The risk of disease causing
pathogens entering the body through the mouth, nose, ears, or cuts in the skin increases
when a person contacts fecal contaminated water. To reduce the risk of waterborne disease,
two water contact recreation standards uses apply to waters (fresh and marine) in Thurston
County:
•
•

Primary Water Contact Recreation criteria are intended for waters where people
have direct contact with water, with exposure to the eyes, ears, nose, and throat.
Extraordinary Primary Water Contact Recreation criteria are intended to provide
extraordinary protection against waterborne disease to people having direct contact
with the water and to protect water that feeds and surrounds shellfish harvesting
areas.

Table 3 lists Water Contact Recreation criteria for fecal coliform bacteria that apply to
Thurston County stream sites.
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Table 3. Water Contact Recreation criteria for TCEH ambient stream sites.

Water Contact Recreation Bacteria Criteria
Freshwater

Marine

Fecal
Coliform
Bacteria

Primary

Extraordinary Primary

Primary

Part 1

FC bacteria must not
exceed a geometric
mean value of 100
colonies/100 mL

FC bacteria must not
exceed a geometric
mean value of 50
colonies/100 mL

FC bacteria must not
exceed a geometric
mean value of 14
colonies/100 mL

Part 2

Not more than 10% of all Not more than 10% of all
samples used to
samples used to
calculate the geometric
calculate the geometric
mean > 200 colonies/100 mean > 100 colonies/100
mL (or any single sample mL (or any single sample
when less than 10
when less than 10
sample points exist)
sample points exist)

Not more than 10% of
all samples used to
calculate the geometric
mean > 43 colonies/100
mL (or any single
sample when less than
10 sample points exist)

Nutrients
TCEH monitors two types of nutrients - nitrogen and phosphorus. Both occur naturally in soil
and water and are essential nutrients for plant life. In most freshwater systems, nitrogen and
phosphorus are the primary nutrients that limit growth, abundance, and distribution of
plants and algae. Increased availability of one or more limiting factors needed
for photosynthesis causes eutrophication (Schindler, 2006). Eutrophication is characterized
by excessive plant and algal growth.
Point-source discharges and non-point loadings of limiting nutrients accelerate the rate and
extent of eutrophication of aquatic ecosystems (Carpenter, 1998). The consequences of
excess amounts of nitrogen and phosphorus range from nuisances that interfere with water
recreation, to serious public health concerns, to adverse effects on the ecology of the
aquatic ecosystem. For examples, excess nutrients commonly cause an overgrowth of algae
in a short period of time, called an algal bloom. Algae can uptake large amounts of nutrients
faster than most other aquatic plants, so algal blooms are common in bodies of water with
recent inputs of nutrients. Eventually, when the algal bloom dies-off, decomposition of the
algae consumes dissolved oxygen (DO) in the surrounding waterbody. Low DO is harmful to
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aquatic organisms, causing symptoms of stress to outright suffocation. Moreover, some
forms of algae in these blooms (cyanobacteria aka blue-green algae) can produce toxins that
can contaminate drinking water sources and cause illness in humans, pets, and other
animals.
The EPA developed nutrient criteria to address the negative effects of excess nutrients, to
protect public health, recreation, and aquatic life use (EPA, 2000). Nutrient criteria for the
Puget Lowlands ecoregion was empirically derived to represent the condition of surface
waters that are minimally impacted by human activities, called the reference condition.
Nitrogen enters surface water in numerous forms, both organic and inorganic. Organic
nitrogen is found in living or dead cells in the form of proteins, amino acids, and urea.
Inorganic forms of nitrogen in surface water includes: ammonia (NHз), ammonium (NH₄),
nitrite (NO₂), or nitrate (NOз). Bacteria will convert the ammonia/ammonium to nitrite, and
the nitrite to nitrate. Nitrite is an intermediate product that is seldom elevated for long time
periods. Nitrate is very soluble in water and also moves readily through the soil. Once
nitrogen is in the nitrate form, it is rapidly taken up by algae and other aquatic plants.
In surface waters, the dominant forms of nitrogen are nitrate and organic nitrogen. In forest
and grassland areas, organic nitrogen tends to be higher because nitrate is naturally low in
these ecosystems. In agricultural areas, nitrate is typically higher than organic nitrogen due
to application of fertilizers. Ammonia and ammonium tend to be higher near sources of
human or animal waste discharges. TCEH samples are analyzed for nitrite+nitrate
(NO₂+NOз). The NO₂+NOз reference condition for the Puget Lowlands ecoregion is 0.26
mg/L.
Phosphorus in aquatic systems occurs as organic phosphate and inorganic phosphate.
Organic phosphate consists of a phosphate molecule associated with a carbon-based
molecule, as in plant or animal tissue. Phosphate that is not associated with organic material
is inorganic. Inorganic phosphorus is the form required by plants. Animals can use either
organic or inorganic phosphate. TCEH monitors total phosphorus (TP), which measures all
the forms of phosphorus (orthophosphate, condensed phosphate, and organic
phosphate). For the Puget Lowlands ecoregion, the reference condition for TP is 0.019 mg/L.

Data Collection and Interpretation
Streams sites are sampled one time each month throughout the year as part of TCEH’s
Ambient Water Quality Monitoring program. TCEH methods are described in Appendix B and
in our Standard Operating Procedures and Analysis Methods for Water Quality Monitoring
(Thurston County Public Health and Social Services, 2009). Also provided in Appendix B, is a
list of sites and descriptions, a short glossary of terms used in this report and data
interpretation guides for plots and charts.
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Please see the following Appendices for more information:
•
•
•
•
•
•
•
•
•
•
•

Appendix A: Water Quality Standards
Appendix B: Data Collection and Interpretation
Appendix C: Temperature
Appendix D: Dissolved Oxygen
Appendix E: pH
Appendix F: Fecal coliform bacteria
Appendix G: Specific conductivity
Appendix H: Turbidity
Appendix I: Stream Discharge
Appendix J: Water Quality Index
Appendix K: Summaries of Temperature, Dissolved Oxygen, Total Phosphorus, and
Nitrite+Nitrate
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Watersheds
During the 2016 to 2017 Water Year, TCEH collected bacteria and nutrient samples, recorded
water quality data, and measured stream discharge at sites located in the eight major
watersheds (Figure 1) of Thurston County.

Figure 1. The eight major watersheds in Thurston County where TCEH has ambient stream monitoring sites.

Totten Inlet
Watershed Description
The Totten Inlet extends nine miles southwest from the end of the Squaxin Passage, with
much of the Thurston-Mason county line running down the middle of it. TCEH monitors two
tributaries to Totten Inlet: Kennedy and Schneider Creeks (Figure 2).
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Figure 2. TCEH’s ambient stream sites at Schneider and Kennedy Creeks in the Totten Inlet Watershed.

Kennedy Creek, the largest tributary to the Totten Inlet, originates in the Black Hills and
gradually descends into the lowlands. It flows through forests, rural areas, and more densely
populated residential areas around Summit Lake before it discharges into the head of Totten
Inlet. Kennedy Creek is one of the most productive Chum Salmon streams in the state.
TCEH monitors two sites at Schneider Creek, the upstream site near the Steamboat Island
Road Interchange (called Schneider Head) and the downstream site off Highway 101 (called
Schneider T). Chum spawn in Schneider Creek in the fall. Other salmonids occur in Schneider
Creek too, like Cutthroat and Steelhead Trout, and Coho Salmon. The creek, coupled with its
wetlands, provides habitat for many amphibians, birds, and mammals.
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Temperature
TCEH measured temperature once each month at Kennedy Creek (mean 10.18° C). One
measurement in July (16.66° C) exceeded the temperature standard (16.0° C).
All the temperature measurements at Schneider Creek (both sites) met the temperature
standard. The mean temperature for the 2016 to 2017 Water Year was 8.71° C at the
upstream site, Schneider Head, and 9.78° C at the downstream site, Schneider T.

Dissolved Oxygen (DO)
All the dissolved oxygen (DO) measurements at Kennedy Creek were above the standard (9.5
mg/L). The mean DO concentration was 11.10 mg/L.
TCEH measured dissolved oxygen (DO) at the upstream Schneider Creek site near the
Steamboat Island Interchange eight times from November 2016 to June 2017. Three of those
measurements did not meet the DO standard: 8.93 mg/L in November 2016, 8.76 mg/L in
May 2017, and 8.49 mg/L in June 2017. High temperatures and low flow may have
contributed to the low DO conditions. Temperature in November 2016 was 10.92° C, over 2°
C above the mean temperature for this site. At the beginning of summer 2017, temperature
climbed almost 5° C in May from the previous month and remained over 14° C in June. The
stream was stagnant or dry at this site during TCEH’s site visits from July to September 2017.
The mean DO concentration for the 2016 to 2017 Water Year was 10.33 mg/L.
The mean DO concentration was 10.82 mg/L at the downstream Schneider Creek site off
Highway 101 (Schneider T). One DO measurement (9.07 mg/L) in September 2017 was below
the standard.

pH
All Totten Inlet sites met the pH standard during the 2016 to 2017 Water Year (Table 4).
Table 4. pH statistics for TCEH sites located in the Totten Inlet watershed.

Totten Inlet Site
Kennedy
Schneider T
Schneider Head

Median
7.3
7.3
7.0

Standard
Deviation
7.7
0.2
7.7
0.3
7.2
0.1

Min

Max

7.1
6.8
6.9
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Fecal Coliform Bacteria
Table 5 summarizes compliance with fecal coliform bacteria criteria for this watershed.
Table 5. Compliance with fecal coliform criteria at sites located in the Totten Inlet watershed.

Water
Contact
Recreation
Criteria
FW
Extraordinary

Part 1

Part 2

Part 1

Part 2

Part 1

Part 2

Pass

Pass

Pass

Pass

Pass

Pass

Schneider T

FW
Extraordinary

Pass

Pass

Pass

Pass

Fail 66
cfu/100
mL

Fail
25%

Schneider Head₁

FW
Extraordinary

Pass

Fail
13%

NA

NA

NA

NA

Totten Watershed Site

Kennedy

Oct 2016 Sept 2017

wet season

dry season

₁TCEH did not collect samples when Schneider Head was stagnant or dry from July to September 2017.

The Kennedy Creek and downstream Schneider Creek (Schneider T) sites met both parts of
the Extraordinary Primary Contact Recreation criteria for fecal coliform for the 2016 to 2017
Water Year.
The geometric mean at the Kennedy Creek site was 12 cfu/100 mL and none of the samples
had a concentration over 100 cfu/100 mL.
TCEH only collected eight samples at the Schneider Head site. The geometric mean (8
cfu/100 mL) was low, but 13% of the samples had a concentration over 100 cfu/100 mL.
Downstream at Schneider T, the geometric mean (GM) was relatively low (16 cfu/100 mL)
and 8% exceeded the Part 2 during the 2016 to 2017 Water Year. One sample had a fecal
coliform concentration of 205 cfu/100 mL in September 2017. The concentration was higher
in the dry season (GM 66 cfu/100 mL and 25% exceeded Part 2), compared to the wet
season (GM 8 cfu/100 mL and 0% failed Part 2).

Nutrients
Total Phosphorus (TP)
Totten Inlet sites had one of the lowest levels of total phosphorus in the County.
Nevertheless, the mean for the 2016 to 2017 Water Year at Kennedy Creek (0.022 mg/L) was
still over the recommended total phosphorus concentration of 0.019 mg/L. The wet season
mean (0.026 mg/L) was over double the concentration of the dry season mean (0.012).
TCEH collected eight nutrient samples during the 2016 to 2017 Water Year at the upstream
Schneider Creek (Schneider Head) site near the Steamboat Island Interchange. The mean
(0.016 mg/L) was under the reference condition. Two of these samples, in March (0.023
mg/L) and June (0.028 mg/L) of 2017, exceeded the recommended concentration of total
phosphorus for our area.
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The downstream site, Schneider Creek site off Highway 101 (Schneider T), had higher levels
of total phosphorus. The mean (0.030 mg/L) and most samples exceeded the recommended
concentration. Only two samples had a concentration under 0.019 mg/L. They were
collected in April and May 2017. The mean total phosphorus concentration was higher in the
dry season (0.041 mg/L) than the wet season (0.025 mg/L).
Nitrite+Nitrate
All the samples collected at Kennedy Creek exceeded the concentration of nitrite+nitrate
recommended for the Puget Sound Lowlands. The mean concentration was 0.435 mg/L,
almost twice the reference condition (0.26 mg/L). Concentration was high year-round, but
more so in the wet season (0.483 mg/L) compared to the dry (0.339 mg/L).
Schneider Creek had the lowest nitrite+nitrate concentrations in the County. TCEH collected
eight nutrient samples at the upstream site, Schneider Head. The mean nitrite+nitrate
concentration was 0.089 mg/L and all the samples had nitrite+nitrate concentrations under
the recommended level. For the downstream site, Schneider T, the mean nitrite+nitrate
concentration was 0.163 mg/L. Only one sample exceeded 0.26 mg/L. The sample (0.505
mg/L) was collected in April 2017.

Eld Inlet
Watershed Description
The Eld Inlet is a long, shallow embayment at the southern end of Puget Sound in northwest
Olympia. TCEH has sites on the three main creeks that drain into the Eld Inlet: Perry,
McLane, and Green Cove (Figure 3).
Perry Creek (4,120-acre basin) flows from wetlands through gently rolling hills of forests and
residential areas (all acreages in this report are from Thurston County, 2015). The stream
drops into a wooded ravine and cascades over a couple of waterfalls before it empties into
Eld Inlet via Mud Bay Estuary.
McLane Creek (7,090-acre basin) originates in the Black Hills and flows 14.5 miles to Mud
Bay. McLane Creek flows through mostly level terrain, including wooded areas and open
pastures. Over 40% of the watershed is forested, including both commercial forest and state
land. Land use in the lowlands includes agricultural and residential developments. Chum
Salmon spawn in great numbers from November to December in McLane Creek.
Green Cove Creek (2,220-acre basin) originates at Lake Louis and its associated wetlands.
The creek flows under Evergreen Parkway through a ravine to discharge into Eld Inlet at
Green Cove. Green Cove Creek supports many salmonids (Chinook, Chum, Steelhead,
Cutthroat, and Bull Trout), as well as amphibians, birds, and mammals.
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Figure 3. TCEH ambient stream sites located in the Eld Inlet watershed.

Temperature
All three sites Eld Inlet sites met the temperature standard (17.5° C) during the 2016 to 2017
Water Year. The mean temperature at the Perry Creek site was 9.68° C (wet season 7.78° C;
dry season 13.48° C). At the McLane Creek site, the mean temperature was 9.99° C (wet
season 8.10° C; dry season 13.76° C). The mean temperature at the Green Cove Creek site
was 9.81° C (wet season 7.49° C; dry season 14.46° C).

Dissolved Oxygen (DO)
All dissolved oxygen measurements recorded at the three Eld Inlet sites were above
standard (8.0 mg/L). The mean dissolved oxygen concentration at the Perry Creek site was
11.07 mg/L (wet season 11.55 mg/L; dry season 9.79 mg/L). The mean dissolved oxygen
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concentration was 10.42 mg/L (wet season 11.03 mg/L; dry season 9.19 mg/L) at the McLane
Creek site. The mean temperature at the Green Cove Creek site was 11.07 mg/L (wet season
11.71 mg/L; dry season 9.80 mg/L).

pH
All three Eld Inlet sites met the pH standard in the 2016 to 2017 Water Year (Table 6).
Table 6. pH statistics for TCEH sites located in the Eld Inlet watershed.

Eld Inlet Site

Median

Perry
McLane
Green Cove

7.4
7.1
7.3

Min

Standard
Deviation

Max
7.2
6.9
7.1

7.6
7.6
7.6

0.1
0.2
0.2

Fecal Coliform Bacteria
Table 7 provides a summary of FC bacteria data for Eld Inlet sites.
Table 7. Compliance with fecal coliform criteria at sites located in the Eld Inlet watershed.

Perry

Water
Contact
Recreation
Criteria
FW Primary

McLane

FW Primary

Pass

Fail
17%

Pass

Pass

Green Cove

FW Primary

Pass

Fail
17%

Pass

Fail
13%

Eld Watershed Site

Oct 2016 - Sept
2017

wet season

dry season

Part 1

Part 2

Part 1

Part 2

Part 1

Part 2

Pass

Pass

Pass

Pass

Pass
Fail 201
cfu/100
mL

Pass

Pass

Fail
50%
Fail
25%

Perry Creek met both parts of the Primary Contact Recreation criteria for fecal coliform
bacteria for 2016 to 2017 Water Year. The geometric mean (GM) was low (15 cfu/100 mL)
and none of the samples failed Part 2.
McLane Creek met Part 1 (GM 38 cfu/100 mL), but failed Part 2 (17%) of the Primary Contact
Recreation criteria. The bacteria concentration was higher during the dry season (GM was
201 cfu/100 mL) and 50% of the dry season samples failed Part 2. Contrast the high
geometric mean during the dry season with the wet season GM of 17 cfu/100 mL. Also, none
of the wet season samples failed Part 2.
Green Cove Creek met Part 1 of the Primary Contact Recreation criteria for fecal coliform
bacteria with a geometric mean (GM) of 48 cfu/100 mL. This site failed Part 2 because 17%
of the samples had fecal coliform bacteria concentrations over 200 cfu/100 mL. Bacteria
contamination was more of a problem in the dry season (GM 60 cfu/100 mL and 25% failed
Part 2) compared to the wet season data (GM 44 cfu/100 mL and 13% failed Part 2).

22

Nutrients
Total Phosphorus (TP)
Most of the samples from Perry and McLane Creeks had TP concentrations over 0.019 mg/L.
The mean TP concentration was higher than recommended at both sites: 0.021 mg/L at
Perry Creek and 0.024 mg/L at McLane Creek. Concentration was higher during the dry
season at both sites (Perry 0.026 mg/L and McLane 0.029 mg/L) compared to the wet season
(Perry 0.018 mg/L and McLane 0.022 mg/L).
All samples collected at Green Cove Creek exceeded the recommended TP concentration for
our region (0.019 mg/L). The mean TP concentration was 0.045 mg/L. The dry season
concentration (0.053 mg/L) was higher than the wet (0.041 mg/L).
Nitrite+Nitrate
The mean nitrite+nitrate concentration at Perry Creek was 0.374 mg/L and 60% of samples
exceeded the recommended reference condition (0.26 mg/L). Nitrogen enrichment occurred
year-round: wet (0.363 mg/L) and dry (0.395 mg/L).
The mean nitrite+nitrate concentration at the McLane Creek site was 0.347 mg/L. Every
sample except two (August and September 2017) collected from McLane Creek exceeded
the recommended nitrite+nitrate concentration. Concentration was higher during the wet
season (0.406 mg/L), compared to the dry (0.227 mg/L)
Ten samples from Green Cove Creek had nitrite+nitrate levels over the recommended
regional reference condition. The mean nitrite+nitrate concentration was 0.617 mg/L. The
mean dry season concentration was much higher (1.062 mg/L) than the wet (0.394 mg/L).

Chehalis River Watershed
Watershed Description
The Chehalis River basin (1,702,400-acre basin) is the second largest river basin in
Washington behind the Columbia River basin. The basin includes forested headwaters in the
Gifford Pinchot and Olympic National Forests, as well as private timber lands. The river
discharges into the Pacific Ocean via Grays Harbor in the Aberdeen area. TCEH monitors the
Chehalis River at Independence Road and the following tributaries: the Skookumchuck River,
Prairie Creek, and Scatter Creek (Figures 4 to 6). The Black River is also a tributary to the
Chehalis River; it flows into the Chehalis River south of Oakville, Washington (Figure 7). The
Black River basin is covered in its own section, immediately following this one.
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Figure 4. All TCEH ambient stream sites located in the Chehalis River watershed.

Prairie Creek flows generally southwest from near the town of Bucoda and under I-5 to
discharge into the Chehalis River in southeast Rochester. The forested headwaters of Prairie
Creek (13,530-acre basin) have moderate slopes. The middle and lower segments flow
across flat prairies with porous soils. Streamflow varies seasonally, with the highest flows
during the winter rains. Prairie Creek is frequently dry during the summer months at the
TCEH site in Rochester. Prairie Creek both receives and loses flow to groundwater due to
the porous nature of the area’s soils.
The upper portion of the Scatter Creek (27,510-acre basin) is in the Tenino area. This area is
moderately sloped and forested. The middle and lower portions of Scatter Creek flows
through generally flat topography with Mima mounds surrounded by low lying hills. Soils in
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this area are extremely well-drained and support dry grasses and some prairie vegetation.
Portions of Scatter Creek are losing reaches, where surface water flows into the
groundwater system. This region has extremely porous soils. TCEH monitors two Scatter
Creek sites. The upstream site is located at stream mile 8 at the Gibson Road crossing on the
Violet Prairie. The downstream site is at James Road, upstream of the confluence with the
Chehalis River in south Rochester.

Figure 5. TCEH’s ambient stream sites at the Chehalis River, Scatter Creek, and Prairie Creek.

Several small tributaries on the slopes of the Snoqualmie National Forest form the
headwaters of the Skookumchuck River. The river is impounded south of Vail, forming the
Skookumchuck Reservoir. Hatchery trout and salmon are released below the dam each year.
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The river flows through rolling hills and prairies in the middle and lower basin, passing the
towns of Bucoda and Chehalis, before discharging into the Chehalis River near I-5.

Figure 6. TCEH’s ambient stream site at the Skookumchuck River.

Temperature
Temperature at the Skookumchuck River site was warmer than the standard (16.0° C) in July
(17.34° C) and August (17.56° C) of 2017. Supplemental Spawning is protected at the
Skookumchuck River with an additional temperature standard (13.0° C) to protect salmonid
spawning and incubation period from September 15 to July 1. During this period, TCEH did
not measure any temperatures above 13.0° C.
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TCEH staff observed surface water flow in Prairie Creek from November 2016 to May 2017.
Water temperature recorded during this period (mean 11.84° C) did not violate the
temperature standard (17.5° C).
The Scatter Creek site at Gibson Road was stagnant in October 2016, as well as in August and
September 2017. All the temperature measurements met the standard (16.0° C) from
November 2016 to July 2017 (mean 10.53° C; wet mean 9.52° C; dry mean 14.05° C).
The Scatter Creek site at James Road did not have surface flow in October 2016 and
September 2017. Temperature exceeded the standard (16.0° C) in July (19.19° C) and August
(22.46° C) 2017. The mean for the Water Year was 11.98° C (wet 9.18° C; dry 18.52° C).
The mean temperature at the Chehalis River site was 12.46° C (wet 9.06° C; dry 19.25° C).
TCEH recorded temperatures higher than the standard (17.5° C) at the Chehalis River site
from July to September 2017, 25% of the total Water Year. The Chehalis River has an
additional temperature standard (Supplemental Spawning) to protect salmon and trout
spawning and incubation from October 1 to May 15. The standard during this period is 13° C
(7-DAD Max). The mean temperature during this period was 8.64° C. Temperature was
higher than 13.0° C in May 2017 (13.83° C).

Dissolved Oxygen (DO)
One dissolved oxygen (DO) measurement (7.2 mg/L) was below the water quality standard
(9.5 mg/L) at the Skookumchuck River site in April 2017. The mean DO concentration was
10.87 mg/L (wet 10.87 mg/L; dry 10.85 mg/L).
All the measurements collected by TCEH at the Prairie Creek site (mean 11.05 mg/L) met the
DO water quality standard (8.0 mg/L). This stream site was dry for five months, in October
2016 and again from June to September 2017.
The mean DO concentration was 9.05 mg/L at the Scatter Creek site at Gibson Road. Sample
size at this site was smaller because this site was stagnant in October 2016 and again in
August and September of 2017. The DO concentration was below the standard (9.5 mg/L)
67% of the total Water Year. TCEH does not measure flow at this site but observed pooled
water with a lack of visible flow downstream in October 2016. One month after it was
stagnant, the DO was 7.23 mg/L. Temperature in November 2016 was 11.79 ° C, which is
higher than the mean temperature (10.53° C) for this site. This site was stagnant again in
August 2017. In July, one month before the site became stagnant, the DO concentration was
8.64 mg/L. In July, the temperature rose almost 3° C from the previous month, to 15.46 ° C.
The concentration of DO at the Scatter Creek site at James Road was below the water quality
standard (9.5 mg/L) one time, in March 2017 (7.89 mg/L). The mean DO concentration was
11.02 mg/L (wet 10.87 mg/L; dry 11.53 mg/L).
All the measurements collected by TCEH at the Chehalis River met the DO water quality
standard (8.0 mg/L). The mean DO concentration was 10.94 mg/L (wet 11.06 mg/L; dry 10.63
mg/L).
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pH
All sites, except the Scatter Creek site at James Road, met the pH standard in the 2016 to
2017 Water Year (Table 8). The pH was over 8.5 at the Scatter Creek at James Road site in
July (8.9) and August (8.7) 2017.
Table 8. pH statistics for Chehalis River watershed sites.

Chehalis Site
Skookumchuck
Chehalis Amb
Prairie
Scatter @ James
Scatter @ Gibson

Median

Min

7.4
7.2
7.1
7.6
6.9

Max

7.0
6.9
6.5
7.1
6.5

7.8
8.1
7.8
8.9
7.9

Standard
Deviation
0.3
0.4
0.5
0.7
0.4

Fecal Coliform Bacteria
The Skookumchuck River site met both parts of the Extraordinary Primary Contact
Recreation criteria, with a geometric mean of 24 cfu/100 mL and 8% of samples over 100
cfu/100 mL (Table 9). The dry season geometric mean was low (24 cfu/100 mL) and all the
samples met Part 2 of the criteria. The wet season geometric mean also was 24 cfu/100 mL,
but 13% of the samples exceeded Part 2. TCEH collected one sample in March 2017 with a
bacteria concentration of 175 cfu/100 mL.
Table 9. Compliance with fecal coliform criteria at the Skookumchuck site.

Skookumchuck Watershed
Site
Skook

Water
Contact
Recreation
Criteria
FW
Extraordinary

Oct 2016 - Sept
2017

wet season

dry season

Part 1

Part 2

Part 1

Part 2

Part 1

Part 2

Pass

Pass

Pass

Fail
13%

Pass

Pass

Table 10 summarizes compliance with Contact Recreation criteria for fecal coliform bacteria
at TCEH ambient stream sites in the Chehalis Watershed.
Table 10. Compliance with the fecal coliform criteria for the Chehalis River watershed sites.

Oct 2016 - Sept
2017

Prairie
Scatter @ Gibson

Water
Contact
Recreation
Criteria
FW Primary
FW Primary

Scatter @ James

FW Primary

Pass

Chehalis @ Independence

FW Primary

Pass

Chehalis Watershed Site

wet season

Part 1

Part 2

Part 1

Pass
Pass

Pass
Pass
Fail
20%
Pass

NA
Pass
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Pass
Pass

Part
2
NA
Pass
Fail
14%
Pass

dry season
Part 1
NA
Pass
Fail 118
cfu/100 mL
Pass

Part
2
NA
Pass
Fail
33%
Pass

The Prairie Creek site met both parts of the Primary Contact Recreation criteria for fecal
coliform bacteria. TCEH collected all samples during the wet season because the stream was
dry from June to September 2017. The geometric mean was 34 cfu/100 mL.
The Scatter Creek site at Gibson Road met both parts of the Primary Contact Recreation
criteria for fecal coliform bacteria. The geometric mean was 22 cfu/100 mL. This site was
stagnant October 2016 and August 2017 (and possibly September 2017, when no sample
was collected).
The Scatter Creek site at James Road met Part 1 of the criteria, but failed Part 2 because 20%
of the samples exceeded 200 cfu/100 mL. This site frequently had high concentrations of
bacteria during the dry season: 33% of samples failed Part 2. Additionally, the dry season GM
(118 cfu/100 mL) failed Part 1. The concentration was lower during the wet season (GM 31),
but 14% of wet season samples failed Part 2.
The Chehalis River met both parts of the Primary Contact Recreation criteria for fecal
coliform bacteria. The geometric mean (GM) was 18 cfu/100 mL (wet GM 22 cfu/100 mL
and 0% exceeded Part 2; dry GM 11 cfu/100 mL and 0% exceeded Part 2).

Nutrients
Total Phosphorus (TP)
The mean TP concentration for the Skookumchuck River site was 0.038 mg/L. Most (67%)
samples exceeded the recommended level for our region (0.019 mg/L), with concentrations
ranging from 0.020 to 0.090 mg/L. The wet season mean TP concentration (0.049 mg/L) was
almost three times higher than the dry (0.018 mg/L).
All samples from the Prairie Creek site exceeded the recommended TP concentration for our
region. The mean TP concentration was 0.037 mg/L at the Prairie Creek site. The Prairie
Creek site was dry during our sampling events in October 2016 and again from June to
September 2017.
The Scatter Creek site at Gibson Road was stagnant for three months of 2016 to 2017 Water
Year. All samples collected from November 2016 to July 2017 exceeded 0.019 mg/L. The
mean TP concentration was 0.031 mg/L and TP enrichment occurred through the year: the
wet season mean was 0.031 mg/L and the dry season mean was 0.029 mg/L.
TCEH collected ten nutrient samples at the Scatter Creek site at James Road. All but one
sample (0.017 mg/L in June 2017) exceeded the concentration recommended for our region.
In other words, 90% of the samples had concentrations of TP considered harmful. The mean
TP concentration was 0.034 mg/L and TP enrichment was higher during the wet season
(0.036 mg/L) than the dry season (0.028 mg/L).
All samples from the Chehalis River site exceeded the recommended TP reference condition.
The mean TP concentration was and 0.039 mg/L. TP enrichment was higher in the wet
season (0.044mg/L) compared to the dry season (0.028 mg/L).
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Nitrite+Nitrate
Most of the samples (58%) collected from the Skookumchuck River site had nitrite+nitrate
levels higher than recommended. The mean concentration was 0.367 mg/L. The wet season
concentration (0.460 g/L) was over 2.5 times higher than the dry season (0.180 mg/L).
TCEH collected seven nutrient samples from Prairie Creek between November 2016 and May
2017. Prairie Creek did not flow at the ambient site the remainder of the year (for the entire
dry season). Over half of these samples exceeded 0.26 mg/L. High nitrite+nitrate was
observed from January to April 2017 (0.590 to 0.882 mg/L).
All nine samples from Scatter Creek at Gibson Road exceeded the recommended
nitrite+nitrate concentration for the Puget Sound Lowlands (0.26). The mean concentration
was 0.548 mg/L. The wet season mean (0.573 mg/L) was higher than the dry (0.462 mg/L).
TCEH collected ten nutrient samples from the Scatter Creek site at James Road. Over half of
these samples had nitrite+nitrate levels over the recommended concentration. The mean
concentration for the Water Year was 0.572 mg/L. The mean concentration was over two
times higher in the wet season (0.686 mg/L) compared to the dry season (0.305 mg/L).
All twelve samples collected at the Chehalis River site exceeded the nitrite+nitrate
concentration recommended for our region. The mean concentration was 0.516 mg/L. The
mean concentration was higher in the wet season (0.598 mg/L) than the dry season (0.352
mg/L).

Black River Watershed
Watershed Description
The Black River basin covers approximately 25,300 acres of Thurston County (Figure 7). It
flows southwest from Black Lake into the Chehalis River near Oakville in Grays Harbor
County. The west side of the basin drains the Capitol Forest area. The east side of the
watershed is a relatively flat area south of Tumwater, west of Offutt Lake and north of
Tenino. The Black River has a broad floodplain, extensive wetlands, and is mostly low
gradient. It supports Chum, Chinook, and Coho Salmon, as well as Steelhead and Cutthroat
Trout.
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Figure 7. TCEH’s ambient stream sites at the Black River, Blooms Ditch, Salmon and Beaver Creeks.

TCEH monitors two Black River sites and three tributaries that drain the east side of the
Black River basin. The three tributaries are: Blooms Ditch (5,000-acre basin), Beaver Creek
(12,800-acre basin), and Salmon Creek (8,000-acre basin). These tributaries flow through a
glacial outwash plain with very flat topography, except for an area of rolling hills in the
eastern-most part of the basin. As a result, surface drainage is relatively slow and the area is
prone to flooding. Extensive wetlands are associated with these streams in low gradient
areas.
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Temperature
During the 2016 to 2017 Water Year, temperature exceeded the standard (17.5° C) at least
one time at all Black River sites except Blooms Ditch.
TCEH measured the highest temperatures in this watershed from July to September at the
Black River site at Moon Road, where the temperature ranged from 17.99 to 20.80° C. The
mean temperature was 12.00° C (wet 9.02° C; dry 17.97° C).
The temperature at the Black River site at 128th Avenue was higher than the standard for
two months, in July (17.60° C) and August (19.60° C). The mean temperature was 11.18° C
(wet 8.31° C; dry 16.93° C).
The Beaver and Salmon Creek sites also exceeded 17.5° C. For one month, in August of 2017,
the water temperature at these sites exceeded the standard, by 0.03° C and 0.19° C,
respectively. The mean temperature at Beaver Creek was 10.80° C (wet 8.55° C; dry 15.30°
C). At Salmon Creek, the mean temperature was 10.06° C (wet 7.79° C; dry 14.62° C).
The supplementary spawning period at Beaver Creek and the Black River is February 15 to
July 1. TCEH measured temperatures from February 15 to June 14 during this period at our
ambient sites: Beaver Creek, Black River at 128th Avenue, and Black River at Moon Road. The
mean temperature for spawning period at Beaver Creek, Black River at 128th Avenue, and
Black River at Moon Road sites was: 10.80° C, 10.54° C, and 11.00° C, respectively. The
supplementary spawning temperature standard (13.0° C) was exceeded at all three sites
during May and June (Appendix T). During these two months, the temperature at Beaver
Creek ranged from 13.67 to 13.84° C. Water temperature at the Black River site at 128th
Avenue ranged from 13.21 to 13.71° C. Again, the highest temperatures occurred at the
Black River site at Moon Road, with temperatures ranging from 13.87 to 14.63° C during May
and June, at the end of the spawning and incubation period for salmonids.

Dissolved Oxygen (DO)
The water quality standard for dissolved oxygen (DO) is a lowest one-day minimum of 8.00
mg/L at all Black River sites. Wetlands are associated with many streams in this watershed.
Some wetlands have naturally low DO, especially those with accumulated plant litter.
The mean DO concentration (7.31 mg/L) at the Salmon Creek site was below the standard.
The periods with low DO concentrations are described below, along with the factors that can
influence DO concentration like temperature, stream flow, and nutrient concentration.
The DO concentration at the Salmon Creek site was 6.48 mg/L in October 2016. Stream
discharge at Salmon Creek in October 2016 was 1.48 cfs, well under the mean flow (15.59
cfs). The following month, in November 2016, the DO concentration was 6.34 mg/L and
streamflow was recorded as “too deep to measure streamflow.” In the 24-hours before
TCEH’s monitoring event in November 2016, 0.2 to 0.3-inches of rain fell in Salmon Creek
area. Stormwater runoff may have affected the DO concentration during the November
sampling event, as implicated by the slight rise in temperature and reduction in specific
conductivity from the previous month.

32

From April to May 2017 at the Salmon Creek site, the DO concentration dropped over 2
mg/L, from 8.13 to 5.81 mg/L. Stream discharge decreased by 10.21 cfs at Salmon Creek over
the same time period. The DO concentration continued to be low at the Salmon Creek site to
September, ranging from 5.81 mg/L in May to the lowest concentration of the year, 4.83
mg/L, in July. The record high temperature (17.69 ° C) for the Water Year was also in July.
Low stream flow conditions may have also affected the DO concentration because flow
declined with each passing month. Discharge was 15.12 cfs in May and fell to 0.22 cfs in
September. Also, the total phosphorus concentration was high (0.043 mg/L) during the dry
season.
The mean DO (6.70 mg/L) was lower than the standard (8.0 mg/L) at the Black River site at
128th Avenue for the 2016 to 2017 Water Year. The wet season mean DO concentration was
7.17 mg/L, which was higher than the dry season mean of 5.44 mg/L. The DO concentration
remained above 8.0 mg/L from December 2016 to March 2017. The rest of the Water Year,
the concentration of DO fell below the standard (too little oxygen). Low DO conditions
occurred in October and November of 2016 and again from April to September 2017.
The lowest DO concentrations (3.15 to 4.50 mg/L) for the Water Year during October and
November 2016 at the Black River site at 128th Avenue. The TP concentration was highest at
this site during the fall (0.044 to 0.54 mg/L). Temperature during these two months was
10.75 to 11.28 ° C, near the mean (11.18 ° C) for this site. TCEH does not measure discharge
at the Black River sites.
In April 2017 at the Black River site at 128th Avenue, DO concentration fell 1.31 mg/L from
the previous month, from 8.24 to 6.93 mg/L. Temperature increased 1.65 ° C in the same
period. DO remained above 6 mg/L from April to June 2017. In July and September (no DO
measurement in August), the concentration was even lower – 5.22 to 4.63 mg/L,
respectively. The highest temperature recorded at the Black River site at 128th Avenue
occurred in July (17.60 ° C) and August (19.60 ° C). Temperature rose 2.66° C from June to
July, with temperatures over 4.79 to 7.63° C above the mean. Also, the mean TP was higher
at the 128th Avenue site during the dry season.
During the 2016 to 2017 Water Year, all DO measurements taken at the Beaver Creek site
were above the standard. The mean DO was 10.42 mg/L.
The DO concentration was above 8.0 mg/L all year at the Blooms Ditch (mean 9.30 mg/L)
and Black River at Moon Road (mean 9.00 mg/L) sites, except in November 2016 when DO
measured 7.51 and 6.32 mg/L, respectively. The DO concentration at these sites may have
been influenced by oxygen-demanding chemicals or organics washed into the stream with
stormwater during the November sampling event, as 0.2 to 0.3-inches of rain fell in the area
prior to our visit. Staff did not measure stream discharge at Blooms Ditch in November
because it was “too deep to measure.” Discharge the previous month was only 0.71 cfs.
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pH
The standard requires the pH to be within the range of 6.5 to 8.5. The pH at one site, Black
River at 128th Avenue, was 6.4 during the October 2016 sampling event. See Table 11 for pH
statistics for Black River sites.
Table 11. pH statistics for the Black River watershed sites.

Black River Site

Median

Beaver
Blooms Ditch
Black @ 128th
Black at Moon
Salmon

Min

7.1
6.9
6.7
7.0
6.7

Max

6.7
6.5
6.4
6.7
6.6

7.9
7.6
7.5
7.8
8.0

Standard
Deviation
0.4
0.4
0.3
0.4
0.4

Fecal Coliform Bacteria
All Black River sites met both parts of the Primary Contact Recreation criteria during 2016 to
2017 Water Year (Table 12).
Table 12. Compliance fecal coliform criteria for the Black River watershed sites.

Black Watershed Site
Salmon
Blooms Ditch
Black @ 128th
Beaver
Black @ Moon

Water
Contact
Recreation
Criteria
FW Primary
FW Primary
FW Primary
FW Primary
FW Primary

Oct 2016 - Sept
2017

wet season

dry season

Part 1

Part 2

Part 1

Part 2

Part 1

Part 2

Pass
Pass
Pass
Pass
Pass

Pass
Pass
Pass
Pass
Pass

Pass
Pass
Pass
Pass
Pass

Pass
Pass
Pass
Pass
Pass

Pass
Pass
Pass
Pass
Pass

Pass
Pass
Pass
Pass
Pass

Nutrients
Total Phosphorus (TP)
The TP concentration exceeded the regional reference condition of 0.019 mg/L at all Black
River sites.
The mean TP concentration at the Salmon Creek site was 0.030 mg/L. Most of the samples
(75%) collected at Salmon Creek exceeded 0.019 mg/L. The mean TP was higher during the
dry season (0.043 mg/L), compared with the wet (0.024 mg/L).
The TP concentration was above the level recommended for our region in all samples
collected at the Blooms Ditch site (mean 0.054 mg/L). The mean TP concentration was
almost four times higher (0.065 mg/L) than recommended during the dry season. The wet
season concentration was 0.049 mg/L.
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Eleven out of twelve samples from the Black River at 128th Avenue and Beaver Creek sites
had high TP concentrations, above the regional reference condition. The mean TP
concentration was 0.034 mg/L at the Black River at 128th Avenue site, with enrichment
throughout the year (wet: 0.032 mg/L; dry: 0.038 mg/L).
The mean TP concentration was 0.044 mg/L at Beaver Creek, where the wet season mean
(0.046 mg/L) was slightly higher than the dry (0.040 mg/L).
All twelve samples from the Black River site at Moon Road (mean 0.028 mg/L) exceeded the
recommended concentration for our region. TP pollution occurred throughout the year: wet
(0.029 mg/L) and dry (0.028 mg/L) seasons.
Nitrite+Nitrate
The reference condition for nitrite+nitrate concentrations in streams and rivers of the Puget
Sound Lowland ecoregion is 0.26 mg/L.
The mean nitrite+nitrate concentration was 0.120 mg/L at the Salmon Creek site and 0.156
mg/L at the Black River site at 128th Avenue. Approximately one-quarter of all samples
collected at these two sites had high nitrite+nitrate concentrations, over the recommended
level. The concentration exceeded the recommended levels during January, February, and
April 2017 at both sites. At the Black River site at 128th Avenue, the mean nitrite+nitrate
concentration was almost four times higher during the wet season (0.206 mg/L) than the dry
season (0.056 mg/L). The wet season mean was almost seven times higher (0.166 mg/L) at
Salmon Creek, compared to the dry season mean (0.024 mg/L).
The mean nitrite+nitrate concentration was 0.129 mg/L at Blooms Ditch. Only one sample
exceeded 0.26 mg/L. The concentration was 0.535 mg/L and it was collected in April 2017.
Almost all the samples (11 out of 12) collected at the Beaver Creek site exceeded 0.26 mg/L.
The mean nitrite+nitrate concentration was 0.495 mg/L, almost twice the recommended
amount. The mean dry season concentration (0.667 mg/L) surpassed the wet season mean
concentration (0.409 mg/L).
All twelve samples collected at the Black at Moon site had nitrite+nitrate concentrations
above the recommended level. The mean nitrite+nitrate concentration was 0.669 mg/L, over
2.5 times higher than recommended level. Nitrogen enrichment existed year-round: wet
(0.670 mg/L) and dry (0.665 mg/L).

Budd Inlet Watershed
Watershed Description
Budd Inlet, the southern-most arm of Puget Sound, is a narrow embayment with relatively
shallow depths. TCEH currently monitors four tributaries to Budd Inlet: Black Lake Ditch,
Percival, Indian, and Moxlie Creeks (Figure 8).
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Figure 8. TCEH’s ambient stream sites in the Budd Inlet watershed.

Black Lake Ditch and Percival Creek are located between the Black Hills to the west and I-5 to
the east. Black Lake Ditch (5,300-acre basin) is a canal that was constructed in 1922 to
connect Black Lake to Percival Creek. Upper Black Lake Ditch is low gradient with many
connected wetlands. The gradient increases downstream, as Black Lake Ditch flows into an
incised canyon before its confluence with Percival Creek.
The headwaters of Percival Creek (5,660-acre basin) arise from Trosper Lake in Tumwater. It
flows north through Tumwater to discharge into Capitol Lake and the Budd Inlet. Percival
Creek provides habitat for Chinook, Coho, and Chum Salmon, as well as Cutthroat Trout.
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The headwaters of Moxlie Creek (2,510-acre basin) emanate from artesian springs in
Watershed Park. Many tributaries, springs, and seeps flow into Moxlie Creek. The basin is
characterized by deeply incised slopes, rolling terraces, and kettles that collect surface
drainage. Development within the City of Olympia diverted Moxlie Creek into a 72-inch
culvert, so that it flows underground for 36% of its length. Much of the underground
segment is tidally influenced. TCEH did not collect water quality data or discharge
measurements at Moxlie Creek during the 2016 to 2017 Water Year. The culvert where
Moxlie Creek discharges in Budd Inlet is tidally influenced, so the site is underwater at high
tide.
Indian Creek (1,490-acre basin) originates below Bigelow Lake, a sphagnum bog lake. The
upper reaches of Indian Creek have a wide, low-gradient floodplain with extensive wetlands.
The downstream floodplain is confined by steep banks. Many tributaries, seeps and springs,
both seasonal and perennial, contribute flow to Indian Creek. As the City of Olympia
developed, flow from Indian Creek was diverted into culverts. Approximately 14% of the
creek flows underground. Indian Creek discharges into Moxlie Creek near Plum Street and
Henderson Boulevard.

Temperature
The maximum temperature at the Black Lake Ditch site exceeded the standard for core
summer salmonid habitat (16.0° C) for from May until September. Temperature reached its
maximum of 23.71° C in August 2017. The mean temperature for the 2016 to 2017 Water
Year was 13.22° C (wet season 9.77° C; dry season 20.11° C).
The mean temperature at the Percival Creek sites (location of site changed in January 2017)
was 12.34° C (wet season 9.58° C; dry season 17.85° C). During the late spring and summer
of 2017, the temperature was warmer than the core summer salmonid standard 16.0° C. For
three months during May, July, and August, temperatures ranged from 16.63 to 20.65° C.
Indian Creek met the temperature standard for spawning and migration (17.5° C) for the
entire Water Year. The mean temperature was 10.15° C (wet season 8.38° C; dry season
13.67° C).

Dissolved Oxygen (DO)
The mean dissolved oxygen (DO) was 9.22 mg/L at the Black Lake Ditch site, too low to meet
the minimum standard of for core summer salmonid habitat (9.5 mg/L). The DO
concentration was low in October (8.17 mg/L) and November (8.27 mg/L) 2016. The DO
concentration may have been impacted by high water temperatures, high concentrations of
nutrients and/or stormwater inflow. The temperature in October was 15.31° C, over 2° C
higher than the mean temperature at the Black Lake Ditch site. The highest total phosphorus
concentrations (0.037 to 0.052 mg/L) for the Water Year occurred in the fall of 2016, when
the levels were double to almost triple the recommended level. The DO concentration may
have been reduced by stormwater pollutants in November, when there was approximately
0.2 to 0.3 inches of rain in the area prior to our sampling event. The stream discharge
increased from 22.41cfs (this measurement had high error rate) in October to 62.61 cfs in
November.
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At the Black Lake Ditch site, the amount of oxygen in the water was too low from June to
September 2017, when DO concentrations ranged from 5.41 to 8.19 mg/L. This site’s record
low DO concentration for the Water Year (5.41 mg/L) occurred in September 2017. Stream
discharge was 37.79 cfs in May and deceased each month until it was only 1.38 cfs in
September. Temperature increased during this same time period, from 17.59° C in June to
the high of 23.71° C in August,
At the Percival Creek sites (location of site changed in January 2017), the mean DO
concentration was 10.60 mg/L (wet season 11.36 mg/L; dry season 9.08 mg/L). One-quarter
of DO measurements collected at these sites during the 2016 to 2017 Water Year violated
the DO standard (9.5 mg/L). The DO concentration did not meet the minimum standard for
core salmonid summer habitat for 3 months during the summer of 2017 (July to September),
with concentrations ranging from 8.52 to 9.28 mg/L. Water temperature ranged from 14.97
to 20.65° C during this period, which was 2.64 to 8.32° C higher than the mean temperature.
TCEH did not measure stream discharge during the summer 2017 at Percival Creek.
The DO concentration ranged from 9.37 to 12.57 mg/L, meeting the water quality standard
(8.0 mg/L) at Indian Creek for the entire Water Year. The mean DO concentration was 10.88
mg/L (wet season 11.63 mg/L; dry season 9.59 mg/L).

pH
Table 13 shows that Black Lake Ditch, Percival, and Indian Creeks met the water quality
requirement for pH.
Table 13. pH statistics for Budd Inlet watershed.

Budd Inlet Site
Black Lake Ditch
Percival
Indian

Median
7.0
7.5
7.4

Min
6.8
7.2
7.0

Max
7.3
7.6
7.5

Standard
Deviation
0.1
0.2
0.1

Fecal Coliform Bacteria
Table 14 sums up compliance with fecal coliform bacteria criteria for Budd Inlet sites.
The Black Lake Ditch site met both parts of the Extraordinary Primary Contact Recreation
standard. The geometric mean was 7 cfu/100 mL and none of the samples exceeded 100
cfu/100 mL (Part 2). As a matter of fact, the highest fecal coliform bacteria concentration for
the 2016 to 2017 Water Year was 33 cfu/100 mL.
The Percival Creek sites (location of site changed in January 2017) met Part 1 of the
Extraordinary Primary Contact Recreation standard with a geometric mean (GM) of 19
cfu/100 mL. However, this site failed Part 2 because 25% of the samples collected during the
2016 to 2017 Water Year had fecal coliform bacteria concentrations over 100 cfu/100 mL.
Fecal contamination at Percival Creek was a problem during the dry season from June to
September 2017. During the dry season, bacteria concentrations were almost 3 times the
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standard – the geometric mean was 140 cfu/100 mL. Additionally, 75% of samples had high
bacteria levels that exceeded Part 2 of the standard (100 cfu/100 mL). For comparison, the
bacteria concentration was relatively low (GM 7 cfu/100 mL) during the wet season, plus no
wet season samples failed Part 2.
Table 14. Compliance with fecal coliform criteria at the Budd Inlet sites.

Budd Inlet Watershed Site

Black Lk Ditch

Water
Contact
Recreation
Criteria
FW
Extraordinary

Oct 2016 Sept 2017
Part
Part 1
2

wet season

dry season

Part 1

Part
2

Part 1

Part
2

Pass

Pass

Pass

Pass

Pass

Pass

Percival

FW
Extraordinary

Pass

Fail
25%

Pass

Pass

Fail 140
cfu/100
mL

Fail
75%

Indian

FW Primary

Pass

Fail
27%

Pass

Pass

Fail 336
cfu/100
mL

Fail
100%

Moxlie Mouth

FW Primary

Fail 147
cfu/100
mL

Fail
57%

Fail 130
cfu/100
mL

Fail
50%

Fail 173
cfu/100
mL

Fail
67%

TCEH collected seven fecal coliform bacteria samples (4 wet season samples and 3 dry
season samples) during the 2016 to 2017 Water Year. Moxlie exceeded both parts of the
Primary Contact Recreation criteria. The geometric mean was 147 cfu/100 mL and 57% of
samples had bacteria concentrations over 200 cfu/100 mL. Bacteria contamination was
present all year, but somewhat higher during the dry season, when the geometric mean was
173 cfu/100 mL and 67% exceeded Part 2. In comparison, the wet season geometric mean
was 130 cfu/100 mL and 50% exceeded Part 2.
Indian Creek met Part 1 of the Primary Contact Recreation criteria with a geometric mean of
81 cfu/100 mL. It failed Part 2 because 27% of samples had bacteria concentrations over 200
cfu/100 mL. All samples collected during the dry season exceeded Part 2 and the geometric
mean was over 3 times (336 cfu/100 mL) the Primary Contact Recreation limit. Contrast, the
wet season statistics for bacteria, which met both parts of the standard with a geometric
mean of 47 cfu/100 mL and no samples exceeded Part 2.

Nutrients
Total Phosphorus (TP)
During the 2016 to 2017 Water Year, a majority of the samples collected at Black Lake Ditch
and Percival Creek had higher total phosphorus (TP) concentrations than recommend for our
region. The mean TP concentration from these two sites was 0.031 mg/L and 0.033 mg/L,
respectively. At both sites, the TP level was at or below the reference condition for two
months in the spring. The April and May 2017 samples collected at the Black Lake Ditch site
had concentrations below the reference condition. Both measured 0.016 mg/L (minimum
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value in the data set). At the Percival Creek site, the sample with the lowest value for the
year (minimum) was also 0.016 mg/L collected in April 2017. The March 2017 TP
concentration was 0.019 mg/L, the reference condition concentration for our area.
Every sample collected from Indian and Moxlie Creek sites had higher TP than
recommended. The mean TP concentration (0.057 mg) at Indian Creek was almost three
times higher than the reference condition. The mean dry season concentration (0.084 mg/L)
was almost two times higher than the wet season mean (0.043 mg/L). The mean TP
concentration was 0.095 mg/L, almost five time higher than recommended amount, at the
Moxlie Creek mouth site, where it discharges into Budd Inlet. The mean dry season
concentration (0.120 mg/L) was 1.5 times higher than the wet season mean (0.079 mg/L).
Nitrite-Nitrate
Over 25% of the samples that TCEH collected at Black Lake Ditch exceeded the concentration
of nitrite+nitrate recommended for our region. The high concentrations occurred from
January to April 2017. The mean nitrite+nitrate for the Water Year was 0.205 mg/L, with the
mean wet season (0.257 mg/L) over twice the mean dry season concentration (0.101 mg/L).
The mean concentration (0.255 mg/L) of nitrite+nitrate at Percival Creek exceeded the
reference condition. The mean wet season (0.278 mg/L) was slightly higher than the mean
dry season concentration (0.210 mg/L).
All samples from Indian and Moxlie Creeks had nitrite-nitrate concentration over the limit
recommended for our area. The mean nitrite-nitrate concentration (0.843 mg/L) at the
Indian Creek site was over three times the reference condition. The dry season mean (0.974
mg/L) was higher than the wet season mean (0.777 mg/L). The mean nitrite-nitrate
concentration (0.602 mg/L) at the Moxlie Creek site was over two times higher than
recommended for this region. The dry season mean (0.640 mg/L) was higher than the wet
season mean (0.583 mg/L).

Deschutes River Watershed
Watershed Description
The Deschutes River Watershed (103,680-acre basin) runs 57 miles from the headwaters in
the low mountain range near the foothills of Mount Rainier to Capitol Lake and the Budd
Inlet in Olympia (Figures 9 and 10). The upper 11 miles of the river has a steep gradient,
which levels out to a more moderate gradient for the lower 40 miles. Over a third of the
watershed is managed as part of the Weyerhaeuser Vail Tree Farm. The river provides
habitat for Chinook and Coho Salmon, and Cutthroat Trout too. TCEH monitors the
Deschutes River at three sites: Vail Loop Road near Rainier, Waldrick Road, and upstream of
Tumwater Falls Park near Capitol Boulevard. In addition to the main stem, TCEH monitors
three tributaries: Reichel, Spurgeon, and Chambers Creeks.
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Figure 9. TCEH’s ambient stream sites in the upper Deschutes River watershed.

Reichel Lake (4,470-acre basin), located south of Yelm, forms the headwaters of Reichel
Creek. The creek flows through drained pasture land and wetlands throughout much of its
length. The valley, at approximately 500-foot elevation, is bounded by very steep slopes up
to 1600-foot in elevation.
Spurgeon Creek (6,050-acre basin) is a low gradient stream with large areas of associated
wetlands. Wetlands and beaver ponds form the headwaters in the low-gradient, Evergreen
Valley. The elevations in the watershed are from 180-foot to approximately 360-foot.
The Chambers Creek basin (8,480 acres) is moderately sloped with rolling terraces.
Chambers Creek consists of two main parts above the main stem: Chambers Ditch and a
southern tributary. Chambers Lake drains south to Chambers Ditch. The south tributary,
which arises from a wetland mosaic east of Olympia, joins Chambers Ditch at Rich Road to
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form the main stem. TCEH monitors the main stem of Chambers Creek below the
confluence. Our site is near the mouth.

Figure 10. TCEH’s ambient stream sites in the lower Deschutes River watershed.

Temperature
The mean temperature at the upstream Deschutes River site (at Vail Loop Road) was 10.56°
C (wet season 7.92° C; dry season 15.83° C). At the downstream site, Deschutes River at
Tumwater, the mean temperature was 11.71° C (wet season 9.00° C; dry season 17.14° C).
TCEH measured temperatures exceeding the standard during July and August at these two
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Deschutes River sites. The temperature at Deschutes River at Vail Loop Road was 16.27° C in
July and 18.75° C in August, which exceeded the standard for Core Summer Salmonid Habitat
(16.0° C). Downstream at the Tumwater site, the temperature was 17.66° C in July. In August
the temperature was even higher, 19.41° C. The standard for Deschutes River at Tumwater is
17.5° C.
The Deschutes River site in between Vail Loop Road and Tumwater is located at Waldrick
Road. The mean temperature at the Waldrick Road site was 11.97° C (wet season 8.56° C;
dry season 17.38° C). Temperature at the Deschutes River at Waldrick Road exceeded the
standard (16.0° C) three times (25% of the total), in July (17.78° C), August (19.94° C) and
September (16.51° C).
All temperature measurements collected at the tributaries, except one taken at Reichel and
Spurgeon Creeks, met the temperature standard.
The standard at Reichel is Core Summer Salmonid Habitat (16.0° C). The mean temperature
was 10.48° C (wet season 7.91° C; dry season 15.62° C). In August 2017, the temperature at
Reichel Creek was 17.83° C.
The temperature standard at Spurgeon Creek is 17.5° C. The mean temperature was 11.24° C
(wet season 8.76° C; dry season 16.21° C). In August 2017, the temperature at Spurgeon
Creek was 18.48° C.
The temperature at Chambers Creek remained below the standard (17.5° C) the entire 2016
to 2017 Water Year. The mean temperature was 11.29° C (wet season 9.51° C; dry season
14.85° C).

Dissolved Oxygen (DO)
Five sites in the Deschutes watershed met the standard for dissolved oxygen (DO). The
standard for two sites, Deschutes River at Vail Loop Road and Waldrick Road, is Core
Summer Salmonid Habitat (9.5 mg/L). Both sites met the standard every month of the 2016
to 2017 Water Year. The mean DO concentration was 11.46 mg/L (wet season 11.73 mg/L;
10.91 dry season mg/L) at the Deschutes River at Vail Loop Road site. At the Deschutes River
at Waldrick Road site, the mean DO concentration was 11.53 mg/L (11.65 mg/L wet season
mg/L; 11.31 dry season mg/L).
Three sites met the standard for Salmonid Spawning, Rearing, and Migration (8.0 mg/L):
Deschutes River at Tumwater, Spurgeon, and Chambers Creeks. The minimum DO
concentration at these three sites was: 10.28, 9.26, and 8.79 mg/L, respectively. The mean
DO concentration was 11.21 mg/L (11.33 wet season mg/L; 10.97 mg/L dry season mg/L) at
Deschutes River at Tumwater, 10.52 mg/L (10.91 wet season mg/L; 9.76 mg/L dry season
mg/L) at Spurgeon Creek, and 10.14 mg/L (10.47 wet season mg/L; 9.47 mg/L dry season
mg/L) at Chambers Creek.
Half of the dissolved oxygen measurements recorded at Reichel Creek were below the
standard (9.5 mg/L). The mean DO was 9.43 mg/L (wet season 10.7 mg/L; dry season 8.15
mg/L). The DO concentration was low (6.42 to 7.54 mg/L) in October and November 2016 at
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the Reichel Creek site. During these two months, streamflow was 1.19 to 7.39 cfs, well below
the mean (18.99 cfs). Temperature was 11.25 to 11.29° C, higher than the mean (10.48° C).
The highest nutrient levels of the 2016 to 2017 Water Year at the Reichel Creek site occurred
in October. The total phosphorus concentration (0.114 mg/L) was six time higher than the
reference condition. The amount of nitrite+nitrate (0.921 mg/L) was over 3.5 times the
reference condition.
From June until September 2017 at the Reichel Creek site, the DO concentration was low 7.02 to 8.81 mg/L. During this same period, stream flow was low (2.28 cfs or less) and the
mean temperature was 15.62° C. Temperatures exceeded the annual mean by 3.40 to 7.35°
C. The total phosphorus concentration during this period ranged from 0.047 to 0.088 mg/L.
The concentration of nitrite+nitrate was high from April to May (0.887 to 0.437mg/L,
respectively), which could have increased eutrophication at the start of the summer.

pH
All of the Deschutes Watershed sites met the pH standard in the Water Year 2016/17 (Table
15).
Table 15. pH statistics for the Deschutes River watershed sites.

Deschutes Site
Reichel
Spurgeon
Chambers
Deschutes at Vail
Deschutes at Waldrick
Deschutes at Tumwater

Median

Min

7.1
7.4
7.1
7.4
7.5
7.4

Max
7.0
6.9
6.8
6.8
6.8
7.0

7.5
7.7
7.4
7.8
8.5
7.8

Standard
Deviation
0.2
0.2
0.2
0.3
0.6
0.3

Fecal Coliform Bacteria
All six Deschutes Watershed sites met both parts of the Primary Contact Recreation criteria
for fecal coliform (Table 16).
All the Deschutes tributary sites met the Primary Contact Recreation criteria. The highest
geometric mean for the year was at Reichel Creek (28 cfu/100 mL), where 8% of the samples
exceeded 200 cfu/100 mL. Bacteria contamination was problematic during the dry season at
Reichel Creek, when the geometric mean was 145 cfu/100 mL and 25% of the samples failed
Part 2 of the criteria.
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Table 16. Compliance with fecal coliform criteria at the Deschutes River watershed sites.

Deschutes Watershed Site

Water
Contact
Recreation
Criteria

Reichel
Deschutes @ Vail Lp
Deschutes @ Waldrick
Spurgeon
Chambers
Deschutes @ Tumwater

Oct 2016 - Sept
2017

wet season

Part 1

Part 2

Part 1

Part 2

FW Primary

Pass

Pass

Pass

Pass

FW Primary
FW Primary
FW Primary
FW Primary
FW Primary

Pass
Pass
Pass
Pass
Pass

Pass
Pass
Pass
Pass
Pass

Pass
Pass
Pass
Pass
Pass

Pass
Pass
Pass
Pass
Pass

dry season
Part 1
Fail 145
cfu/100
mL
Pass
Pass
Pass
Pass
Pass

Part 2
Fail
25%
Pass
Pass
Pass
Pass
Pass

Nutrients
Total Phosphorus (TP)
Most of the samples from the Deschutes River sites exceeded the maximum concentration
of total phosphorus (0.019 mg/L) recommended for our region. The mean total phosphorus
(TP) concentration at Deschutes River sites (from the upstream at Vail Loop, to the middle
site at Waldrick Road, to downstream site at Tumwater) was: 0.028, 0.027, and 0.036 mg/L,
respectively. The wet season mean was higher than the dry season mean: Vail Loop (wet
0.033 vs. dry 0.018 mg/L), Waldrick Road (wet 0.032 vs. dry 0.018 mg/L), and Tumwater (wet
0.041 vs. dry 0.026 mg/L).
All samples collected at Reichel Creek exceeded the recommended TP concentration for the
Puget Sound Lowlands. The mean TP concentration was 0.062 mg/L, over three times the
reference condition for our region. TP enrichment transpired the entire year: wet 0.060 and
dry 0.066 mg/L.
The mean TP concentration at the Spurgeon Creek site was 0.026 mg/L. Two samples had TP
concentrations (both 0.018 mg/L) under the recommended level; they were collected
February and May 2017. The rest of the samples (83%) had high amounts of total
phosphorus. The mean TP (0.027 mg/L) for the wet season was somewhat higher than the
dry season mean (0.023 mg/L).
Most samples (67%) from Chambers Creek exceeded the recommended maximum
concentration of TP. The mean TP concentration was 0.023 mg/L. The wet season mean
(0.026 mg/L) was higher than the dry season (0.019 mg/L).
Nitrite+Nitrate
All samples at four sites in the Deschutes Watershed exceeded the maximum recommended
concentration of nitrite+nitrate for the Puget Sound Lowlands: the three Deschutes River
sites (Vail Loop Road, Waldrick Road, and Tumwater) and the tributary, Chambers Creek.
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The mean nitrite+nitrate concentration at the Deschutes River sites was, from upstream to
downstream, was 0.454, 0.656, and 0.652 mg/L. Nitrogen enrichment took place year-round
at the upstream site, at Vail Loop: wet (0.454 mg/L) and dry (0.453 mg/L). The dry season
mean (0.823 mg/L) was higher than the wet season mean (0.572 mg/L) at middle Deschutes
River site, at Waldrick Road. The dry season mean (0.756 mg/L) also was higher than the wet
season mean (0.608 mg/L) downstream at the Tumwater site.
The mean nitrite+nitrate concentration at Chamber Creek was 1.253 mg/L, almost five times
higher than the recommended concentration. The dry season mean (1.550 mg/L) was higher
than the wet season mean (1.104 mg/L).
The mean nitrite+nitrate concentration at the Reichel Creek site was 0.512 mg/L, almost
twice the recommended level. The wet season mean concentration (0.716 mg/L) was almost
seven times higher than the dry season mean (0.106 mg/L).
The mean concentration of nitrite+nitrate for the Spurgeon Creek site was 0.270 mg/L. The
four-month period with high concentration of nitrite+nitrate was January to April 2017. The
wet season mean concentration (0.371 mg/L) was 5.5 times higher than the dry season
mean (0.068 mg/L).

Henderson Inlet Watershed
Watershed Description
TCEH monitors four sites in the Henderson watershed: one stormwater outfall and three
creeks (Figure 11).
Woodard Creek originates from a wetland near Fones Road surrounded by commercial and
industrial development. The creek flows north through rural areas and discharges into
Woodard Bay. TCEH’s monitoring site is on Libby Road, in an unincorporated area where the
creek flows through rural farms, residential areas, and forests.
A chain of three lakes, Hicks, Pattison, and Long, and their associated wetlands are the
headwaters of Woodland Creek. Woodland Creek flows through the Woodland Creek
Community Park in Lacey and into Lake Lois. The stream continues northward, through St.
Martin’s University, and under Martin Way and I-5, to eventually discharge into the southern
end of Henderson Inlet. TCEH monitors two Woodland Creek sites north of I-5, one at
Draham Street and another at Pleasant Glade Road.
TCEH also monitors the Tanglewilde stormwater outfall, which discharges into Woodland
Creek. Some of the stormwater collected from the Tanglewilde neighborhood, as well as
portions of Martin Way and Carpenter Road in Lacey discharge into Woodland Creek at this
outfall. During wet periods, groundwater seeps into the stormwater conveyance system.
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Figure 11. TCEH’s ambient stream sites located in the Henderson Inlet watershed.

Temperature
Only one temperature measurement collected at Woodard Creek site at Libby Road
exceeded the standard (16.0° C). In August 2017, the temperature was 16.29° C. The mean
temperature was 9.98° C (wet season 7.88° C; dry season 14.18° C).
TCEH measured temperature three times at Tanglewilde stormwater outfall in January,
February, and April 2017. All of the measurements met the temperature standard. The mean
temperature was 8.96° C.
All the temperature measurements at Woodland Creek (both sites) met the temperature
standard (16.0° C). At Woodland Creek at Draham Road and Pleasant Glade Road sites, the
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mean temperature was 11.17° C (wet season 9.71° C; dry season 14.09° C) and 10.86° C (wet
season 9.45° C; dry season 13.70° C), respectively.

Dissolved Oxygen (DO)
All the dissolved oxygen (DO) measurements from Woodard Creek site at Libby Road
(minimum 9.54 mg/L) met the DO standard (9.5 mg/L). The mean DO concentration was
10.59 mg/L (wet season 10.93 mg/L; dry season 9.68 mg/L).
TCEH measured DO three times at Tanglewilde stormwater outfall in January, February, and
April 2017. All the measurements (minimum 10.94 mg/L) met the DO standard. The mean
DO concentration was 11.52 mg/L.
The mean DO concentration (9.07 mg/L) was below the minimum for core salmonid habitat
(9.5 mg/L) at the Woodland Creek site at Draham Road. The mean DO concentration was
above the standard during the wet season (9.58 mg/L), but below during the dry season
(8.04 mg/L).
The DO concentration was low (8.38 to 8.48 mg/L) in October and November 2016 at the
Draham Road site. Stream discharge was 8.97 to 18.7 cfs, well below the mean 29.41 cfs.
Temperature during this period was 11.09 to 11.18° C, very near the mean (11.17° C). The
record high TP concentration for this site was recorded in October 2016 (0.071 mg/L). The
concentration of nitrite+nitrate (1.36 mg/L) was high in October too (second highest
concentration for the year).
From April until September 2017 at the Draham Road site, the DO concentration was low ranging from 7.96 to 9.38 mg/L. Stream discharge dropped each month from 53.4 cfs in
April to 10.34 cfs in September. Temperature ranged from a low of 12.62° C in April to a high
of 15.00° C in June, above the mean (11.17° C) for this site. The mean total phosphorus
(0.054 mg/L) and nitrite+nitrate concentration (1.197 mg/L) was higher during the dry
season at the Draham Road site.
The mean DO concentration was 10.19 mg/L (wet season 10.50 mg/L; dry season 9.56 mg/L)
at the Woodland Creek site at Pleasant Glade Road, which met the DO standard (9.5 mg/L).

pH
All Henderson Inlet sites met the pH standard in the 2016 to 2017 Water Year (Table 17).
Table 17. pH statistics for the Henderson Inlet watershed sites.

Henderson Inlet Site
Woodward at Libby
Tanglewilde
Woodland at
Draham
Woodland at PG

Median

Min

Max

Standard
Deviation

7.2
7.3

7.0
7.0

7.5
8.0

0.2
0.5

7.1
7.3

6.9
7.2

7.2
7.4

0.1
0.1
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Fecal Coliform Bacteria
Table 18 provides a concise summary of compliance with bacteria criteria for Henderson
Inlet sites.
Table 18. Compliance with fecal coliform criteria at the Henderson Inlet watershed sites.

Henderson Watershed Site

Water
Contact
Recreation
Criteria

Oct 2016 Sept 2017
Part 1

Part 2

Woodard @ Libby

FW
Extraordinary

Tanglewilde

wet season

dry season

Part 1

Part 2

Part 1

Part 2

Pass

Fail
18%

Pass

Fail
13%

Fail 80
cfu/100
mL

Fail
33%

FW
Extraordinary

Pass

Fail
25%

NA

NA

NA

NA

Woodland @ Draham

FW
Extraordinary

Pass

Fail
17%

Pass

Fail
13%

Fail 63
cfu/100
mL

Fail
25%

Woodland @ PG

FW
Extraordinary

Pass

Fail
25%

Pass

Fail
13%

Fail 83
cfu/100
mL

Fail
50%

For all data collected during the 2016 to 2017 Water Year, the following four sites met Part 1
of the Extraordinary Primary Contact Recreation criteria for fecal coliform, but failed Part 2:
Woodard Creek at Libby Rd, both Woodland Creek sites, and Tanglewilde stormwater outfall.
Two samples from Woodard Creek, one in May and another in September, exceeded 100
cfu/100 mL (18% of all samples). Fecal contamination was higher during the dry season
(geometric mean 80 cfu/100 mL and 33% fail Part 2) compared to the wet season (geometric
mean 30 cfu/100 mL and 13% fail Part 2).
The Woodland Creek site at Draham Road failed Part 2 because 17% of the samples (May
and August) had concentrations of fecal coliform over 100 cfu/100 mL. During the dry
season this site had higher FC concentrations compared to the wet season (dry 63 cfu/100
mL vs wet 26 cfu/100 mL). Also, fecal contamination was more frequent during the dry
season (25% of samples) compared to the wet (13%).
One-quarter (25%) of the samples collected at the Woodland Creek site at Pleasant Glade
Road had fecal coliform bacteria concentrations over 100 cfu/100 mL. The annual geometric
mean (GM) of 39 cfu/100 mL met Part 1. The bacteria concentration at Woodland Creek at
Pleasant Glade Road was higher during the dry season (GM 83 cfu/100 mL) compared to the
wet season (GM 27 cfu/100 mL). Also, the percentage of samples that failed Part 2 was
higher during the dry season (50%) compared to the wet season (13%).
TCEH collected four bacteria samples at the Tanglewilde stormwater outfall, all during the
wet season. More than five samples spread throughout the season is typically
recommended. Based on the small number of samples, this site met Part 1 (GM 20 cfu/100
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mL), but failed Part 2 because 25% (one sample) had a concentration of bacteria (176
cfu/100 mL) over the Extraordinary Primary Contact Recreation criterion.

Nutrients
Total Phosphorus (TP)
TCEH collected 12 samples at three Henderson Inlet sites, one each month. All twelve
samples collected at the Woodard Creek site at Libby Road, Woodland Creek site at Draham
Road, and Woodland Creek site at Pleasant Glade (PG) Road exceeded the recommended
concentration of TP for the Puget Sound Lowlands.
The mean TP concentration at the Woodard Creek site was 0.065 mg/L, over three times the
recommended condition. The mean dry concentration (0.112 mg/L) is almost three times
higher than the wet season mean (0.041 mg/L).
The mean TP concentration at the Woodland Creek sites, from upstream to downstream,
was 0.045 mg/L at Draham Road and 0.046 mg/L at Pleasant Glade. The dry season mean
(both sites: 0.054 mg/L) was higher than the wet season mean (both sites: 0.041 mg/L).
TCEH collected four nutrient samples at the Tanglewilde stormwater outfall from January to
April 2017. The mean TP concentration was 0.147 mg/L, almost 8 times the recommended
level. All samples (minimum 0.070 mg/l) had higher concentrations of TP than recommended
for our region (0.019 mg/L).
Nitrite+Nitrate
The mean nitrite+nitrate concentrations was 0.604 mg/L at the Woodard Creek site at Libby
Road, more than twice the reference condition. Only one sample from August 2017 had a
concentration under the recommended level for our region. The remainder of the samples
had nitrite+nitrate concentrations above the recommended level. The wet season mean
(0.666 mg/L) was higher than the dry season mean (0.480 mg/L).
The concentration nitrite+nitrate was too high every month of the 2016 to 2017 Water Year
at both Woodland Creek sites. All samples exceeded the recommended concentration of
0.26 mg/L. The mean nitrite+nitrate concentration was 1.049 mg/L at Draham Road, over
four times higher than the reference condition. The mean for the dry season (1.197 mg/L)
was higher than the wet season (0.975 mg/L).
The mean nitrite+nitrate concentration was 1.014 mg/L at the Woodland Creek site at
Pleasant Glade Road, almost four times higher than the reference condition. The dry season
mean (1.241 mg/L) was higher than the wet (0.901 mg/L).
TCEH collected four nutrient samples (mean 4.674 mg/L) at the Tanglewilde stormwater
outfall, from January to April 2017. Most samples had very high levels of nitrite+nitrate (3.11
to 7.81 mg/L). This concentration is 12 to 30% higher than the recommended concentration
for our area (0.26 mg/L).
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Nisqually River Watershed
Watershed Description
The Nisqually River flows generally in a northwesterly direction for over 70 miles, from
meltwaters flowing from the Nisqually and other glaciers on Mount Rainier to the river's
discharge into the Nisqually Reach. About 11% of the river’s basin lies within Thurston
County. TCEH monitors four tributaries to the Nisqually River and Nisqually Reach. The
Nisqually Reach is where the Nisqually Delta meets the deeper waters of Puget Sound (see
this report’s cover photo of the Nisqually Delta).

Figure 12. TCEH’s ambient stream sites located in the Nisqually River watershed.
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Wetlands and beaver ponds form the headwaters of Eaton Creek (4,608-acre basin), which
flows through Evergreen Valley, a low-gradient unincorporated part of Thurston County. The
topography becomes steeper as Eaton Creek flows northeast to Lake St. Clair.
Springs form the headwaters of McAllister Creek (20,020-acre basin). The creek flows about
5.5 miles northward, through wetlands, agricultural areas, and residential and commercial
zones. The creek is tidally influenced, due to its proximity to the Nisqually Reach of Puget
Sound and its low gradient.
Wetlands create the headwaters of Thompson Creek (10,630-acre basin) near the City of
Yelm. This low-gradient stream is intermittent, flowing after precipitation has sufficiently
recharged groundwater.
Yelm Creek (15,080-acre basin) originates from springs south of the City of Yelm. The stream
is generally low-gradient on its nine-mile course to the Nisqually River. The stream is small,
about 1-foot wide near the headwaters. Where it flows through the City of Yelm, it
disappears from the surface for much of the year. Surface flow resumes closer to the
Nisqually River, where the final half mile provides habitat for a late winter run of Chum
Salmon.

Temperature
The Nisqually freshwater sites, Yelm, Eaton and Thompson Creeks, are Core Summer
Salmonid Habitat. All three sites met the temperature standard, because every temperature
measurement was under 16.0° C. The mean temperature was 10.33° C (wet season 9.39° C;
dry season 11.98° C) at Yelm Creek. Eaton Creek’s mean temperature was 8.72° C (wet
season 7.46° C; dry season 11.23° C). At Thompson Creek, the mean temperature was 9.52°
C (wet season 9.31° C; dry season 9.50° C).
McAllister Creek is a freshwater creek that is tidally influenced. The site at I-5 is classified as
marine water based on salinity profiles. The marine temperature standard is 13.0° C.
Temperature was over 13° C from July to September. The maximum temperature was
14.27° C in August 2017. The mean temperature was 10.68° C (wet season 9.24° C; dry
season 13.56° C).

Dissolved Oxygen (DO)
All the Nisqually Watershed freshwater sites are Core Salmonid Summer Habitat with a DO
standard of 9.5 mg/L. The Thompson Creek (mean 10.72 mg/L; wet 10.81 mg/L; dry 10.55
mg/L) and Yelm Creek (mean 10.92 mg/L; wet 11.09 mg/L; dry 10.62 mg/L) sites met the
standard the entire 2016 to 2017 Water Year.
TCEH measured one low DO concentration (9.36 mg/L) in November 2016 at Eaton Creek.
The mean DO concentration was 10.74 mg/L (wet season 10.88 mg/L; dry season 10.49
mg/L).
The mean DO was 8.44 mg/L at McAllister Creek (wet season 8.02 mg/L; dry season 9.29
mg/L). The DO concentration (6.39 mg/L) was low one time in November, which violated the
minimum standard of 7.0 mg/L for marine water.
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pH
All of the freshwater Nisqually Watershed sites met the pH standard in the Water Year
2016/17 (Table 19). The McAllister Creek site failed to meet the pH standard in November
2016, when the pH fell below 7.00, the minimum value for Extraordinary Quality marine
water.
Table 19. pH statistics for the Nisqually River watershed sites.

Nisqually Site

Median

Eaton
McAllister
Thompson
Yelm

Min

7.1
7.1
7.1
7.6

Max

6.7
6.8
7.0
7.3

7.6
7.4
7.3
7.7

Standard
Deviation
0.3
0.2
0.1
0.1

Fecal Coliform Bacteria
Table 20 shows compliance with fecal coliform bacteria criteria for sites in the Nisqually
Watershed.
Table 20. Compliance with fecal coliform criteria at the Nisqually River watershed sites.

Nisqually Watershed Site

Yelm Mouth
Thompson
Eaton

McAllister

Water
Contact
Recreation
Criteria
FW
Extraordinary
FW
Extraordinary

Oct 2016 - Sept
2017
Part
Part 1
2

wet season
Part 1

Part
2

Part 1

Part
2
Fail
25%

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Fail 125
cfu/100
mL

Fail
75%

Fail 26
cfu/100
mL

Fail
25%

Fail 58
FW
cfu/100
Extraordinary
mL

Fail
42%

Pass

Fail
25%

Fail 19
cfu/100
mL

Fail
17%

Fail 16
cfu/100
mL

Fail
13%

Marine
Primary

dry season

The Eaton Creek site failed both parts of the Extraordinary Primary Contact Recreation
criteria. The geometric mean (GM) was 58 cfu/100 mL and 42% of the samples had a fecal
coliform concentration over 100 cfu/100 mL. TCEH collected the high samples in October
and November 2016 and from July to September 2017. The dry season GM was 125 cfu/100
mL and 75% of the samples collected during the dry season failed Part 2. The concentration
during the wet season was generally lower (GM 39 cfu/100 mL), but 25% of the wet season
samples failed Part 2.
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The sites at Thompson and Yelm Creeks met both parts of the Extraordinary Primary Contact
Recreation criteria. Every sample collected from Thompson Creek was under 100 cfu/100 mL
and the bacteria concentration was generally very low (GM 4 cfu/100 mL). At the Yelm Creek
site, the geometric mean was low, 15 cfu/100 mL. Only one sample collected at Yelm Creek
had a FC concentration that exceeded Part 2 - 118 cfu/100 mL (June 2017).
McAllister Creek failed both Marine Primary Contact Recreation criteria (14 cfu/100 mL for
Part 1 and 43 cfu/100 mL for Part 2). The McAllister Creek site failed Part 1 with a geometric
mean of 19 cfu/100 mL and failed Part 2 because 17% of samples exceeded the Marine
criterion. Fecal pollution was higher during the dry season (GM 26 cfu/100 mL and 25%
failed Part 2) than the wet season (GM 16 cfu/100 mL and 13% failed Part 2).

Nutrients
Total Phosphorus (TP)
All Eaton and McAllister Creek samples had high concentrations of total phosphorus (TP),
over the reference condition (0.019 mg/L) for our region. The mean TP concentration was
nearly three times higher than recommended (0.051 mg/L) at the Eaton Creek site.
Phosphorus enrichment happened throughout the Water Year: wet (0.053 mg/L) and dry
(0.047 mg/L).
The mean TP concentration was 0.017 mg/L at the Thompson Creek site, which was under
the reference condition. TCEH collected two samples from Thompson Creek that exceeded
the reference condition. The two months with high TP were January (0.021 mg/L) and March
(0.026 mg/L) 2017.
The mean TP concentration (0.030 mg/L) for Yelm Creek exceeded the suggested maximum
of 0.019 mg/L. One-third of the samples that TCEH collected had high amounts of TP. These
samples were from October 2016 and January to March 2017. The wet season mean (0.037
mg/L) is over two times higher than the dry season mean (0.016 mg/L).
Nitrite+Nitrate
All samples collected from the four Nisqually streams had nitrite+nitrate concentrations over
the recommended reference condition. Even Thompson Creek (mean 1.310 mg/L), which
generally had excellent water quality for other parameters, was polluted with five times too
much of this nutrient. The sample collected from Thompson with the lowest concentration
(the minimum, 0.816 mg/L) still had three times the amount of nitrite+nitrate recommended
for this region. Nitrogen enrichment occurred in both the wet (1.352 mg/L) and the dry
(1.225 mg/L) seasons.
The mean nitrite+nitrate concentration at the Eaton Creek site was 0.640 mg/L, about 2.5
times the reference condition. The dry season mean (0.725 mg/L) was higher than the wet
(0.597 mg/L).
The mean nitrite+nitrate concentration at the Yelm Mouth site was even higher – 1.826
mg/L, over seven times the recommended concentration of 0.26 mg/L. Nitrogen pollution
was high year-round: 1.855 mg/L during the wet season and 1.769 mg/L during the dry.
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At the McAllister Creek site at I-5, the mean nitrite+nitrate concentration was 1.228 mg/L,
almost five times over the recommended limit. Nitrogen enrichment was present during
both the wet (1.233 mg/L) and dry (1.217 mg/L) seasons.

Conclusion
Temperature was too high at half of our sites designated for salmonid spawning, rearing,
and migration and at half of our core summer salmonid habitat sites. Temperature at our
marine site was too high, as well.
DO was too low at over 30% of sites designated as Salmon Spawning, Rearing, and Migration
habitat and over 40% of Core Summer Salmonid Habitat.
The pH at most sites (over 80%) met aquatic life use criteria. The maximum pH was too high
at one freshwater site and too low at three freshwater sites and one marine site.
For the twenty freshwater streams designated as Primary Water Contact, 95% met Part 1 of
the criteria and 75% met Part 2. For the thirteen freshwater streams designated as
Extraordinary Primary Water Contact Recreation, 92% met Part 1 and 54% met Part 2.
The one marine site failed both parts of the Marine Primary Contact Recreation criteria.
Nutrient enrichment was widespread at TCEH Ambient Stream sites. The mean TP
concentration was higher than the reference condition almost all (94%) of TCEH’s ambient
stream sites. Nitrogen pollution was almost as pervasive at TP pollution. The mean
nitrite+nitrate concentration was higher than the recommended reference condition at 76%
of the stream sites.
TCEH will continue to monitor these same sites, except for the Tanglewilde stormwater
outfall, in the 2017 to 2018 Water Year. Plans for the program include: enhance the Quality
Assurance and Control (QA/QC) procedures and data management, coordinate more closely
with the Water Resources to improve stream discharge and gage data collection and
management, and start entering our water quality data into a new database, that will
eventually be available online. Until then, if you would like our raw data, please contact:
360-867-2626, enhealth@co.thurston.wa.us, or renee.fields@co.thurston.wa.us.
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Appendix A. Water Quality Standards
Appendix A Table A-1 Water Quality Standards at freshwater ambient stream sites.

Water Quality Standards for Thurston County Sites

DESCHUTES

BUDD

BLACK

CHEHALIS

SKOOKUMCHUCK

ELD

TOTTEN

Watershed

Site Name

Contact
Recreation
Use

Aquatic Life
(Temperature
°C)

Aquatic Life
(DO mg/L)

Kennedy
Schneider T
Schneider Head
Green Cove
McLane
Perry

Extraordinary
Extraordinary
Extraordinary
Primary
Primary
Primary

Core (16.0)
Core (16.0)
Core (16.0)
Spawn (17.5)
Spawn (17.5)
Spawn (17.5)

Core (9.5)
Core (9.5)
Core (9.5)
Spawn (8.0)
Spawn (8.0)
Spawn (8.0)

Skook³
Chehalis²
Prairie
Scatter @ James¹
Scatter @ Gibson
Beaver @ LR¹
Black @ Moon¹
Black @ 128th¹
Blooms Ditch @
110th
Salmon
Black Lk Ditch
Indian mouth
Moxlie mouth
Percival
Chambers
Deschutes @
Tumwater
Deschutes @
Waldrick
Deschutes @ Vail Lp
Reichel
Spurgeon at Rich

Extraordinary
Primary
Primary
Primary
Primary
Primary
Primary
Primary

Core (16.0)
Spawn (17.5)
Spawn (17.5)
Core (16.0)
Core (16.0)
Spawn (17.5)
Spawn (17.5)
Spawn (17.5)

Core (9.5)
Spawn (8.0)
Spawn (8.0)
Core (9.5)
Core (9.5)
Spawn (8.0)
Spawn (8.0)
Spawn (8.0)

Primary
Primary
Extraordinary
Primary
Primary
Extraordinary
Primary

Spawn (17.5)
Spawn (17.5)
Core (16.0)
Spawn (17.5)
Spawn (17.5)
Core (16.0)
Spawn (17.5)

Spawn (8.0)
Spawn (8.0)
Core (9.5)
Spawn (8.0)
Spawn (8.0)
Core (9.5)
Spawn (8.0)

Primary

Spawn (17.5)

Spawn (8.0)

Primary
Primary
Primary
Primary

Core (16.0)
Core (16.0)
Core (16.0)
Spawn (17.5)

Core (9.5)
Core (9.5)
Core (9.5)
Spawn (8.0)

¹ Supplemental Spawning 2/15 to 7/1 ² Supplemental Spawning 10/1 to 5/15 ³ Supplemental Spawning 9/15 to 7/1

Appendix A Table A-1 Continued.

NISQUALLY

HENDERSON

Water Quality Standards for Thurston County Sites

Woodland Amb @
PG
Woodland @ Draham
Tanglewilde
Woodard Amb @
Libby
Eaton
Thompson
Yelm Mouth

Extraordinary Core (16.0)
Extraordinary Core (16.0)
Extraordinary Core (16.0)

Core (9.5)
Core (9.5)
Core (9.5)

Extraordinary
Extraordinary
Extraordinary
Extraordinary

Core (9.5)
Core (9.5)
Core (9.5)
Core (9.5)

Core (16.0)
Core (16.0)
Core (16.0)
Core (16.0)

Marine

McAllister @ I-5

Marine
Primary

13

7

Appendix B. Data Collection and Interpretation
Data Collection
Thurston County Environmental Health (TCEH) collects the following water quality data with
an YSI EXO multiparameter sonde: temperature (° C), pH, specific conductivity (µS/cm),
dissolved oxygen (mg/L), and turbidity (FNU).
We measure discharge with a FlowTracker Handheld Acoustic Doppler Velocimeter (ADV) at
select locations. Where we collect stream discharge, we are limited by safe conditions and
the instrument’s limitations. We don’t collect flow measurements in deep, high velocity
water where safety is a concern. The FlowTracker has higher error rates in low velocity
water, especially in depths below 0.3 foot. Therefore, our data doesn’t include flows on the
higher end of the range (especially for larger and deeper streams) or very low flows.
We collect fecal coliform (FC) bacteria samples, which are analyzed at Thurston County
Health Department Lab using SM 9222 D (Standard Methods, online).
IEH Analytical Laboratories in Seattle analyzes our Total Phosphorus (EPA 365.1) and
nitrite+nitrate (EPA 353.2) samples (EPA, 1993). Table B-1 list the sites and types of data
TCEH collects at stream monitoring sites.
TCEH collects samples and measurements one time per month, much like taking a single
snap shot (around the same time of day) 12 times a year. Just like a still photo captures less
information than a full-length movie, these data do not capture the real variability of each
aquatic system. Water quality parameters (temperature, dissolved oxygen, pH, bacteria
concentration, etc.) and flow are variable, due to the influence of many factors: season,
weather, episodic events, anthropogenic activity, water inflows, and diel cycling. Because we
collect a single sample once a month, we are limited by our data set. For example, we cannot
calculate a 7-DADMax for temperature (see definition in the Glossary) or determine the oneday minimum for DO. Nevertheless, our data can indicate water quality conditions for each
site, such as where the temperature may be too high or the DO too low for salmon to spawn
successfully; where bacteria contamination may threaten public health; or where excess
nutrients could cause eutrophication and algal blooms.
Table B-1 (two pages) provides a list of TCEH’s ambient stream sites and the types of data
collected at each site.

Table B-1 List of ambient stream sites and types of data collected at each site.

TP &
WQ Flows
NO₂+NOз

Site ID

Site Name

Site Description

FC

BLABE0700

Beaver @ LR

Beaver Creek at Littlerock
Rd

X

X

X

BLABL0010

Black @ Moon

Black River at Moon Rd

X

X

X

BLABL0050

Black @ 128th

Black River at 128th St

X

X

X

BLABM0910

Blooms Ditch @ 110th

Blooms Ditch at 110th St

X

X

X

X

BLASA1020

Salmon

Salmon Creek at
Littlerock Rd near Quarry

X

X

X

X

BUDBD0000

Black Lk Ditch

Black Lake Ditch at RW
Johnson Rd

X

X

X

X

BUDIN0010

Indian mouth

Indian Creek at Quince
Ave

X

X

X

X

BUDMO0000

Moxlie mouth

mouth of Moxlie Creek
(culvert) at Marine Dr

X

X

BUDPE####¹

Percival Cove

Percival Creek upstream
of Deschutes Pkwy

X

X

X

BUDPE0000

Percival mouth²

Percival Creek at foot
bridge from 15th Ave NW
trail

X

X

X

CHECH0010

Chehalis

Chehalis River at
Independence Rd

X

X

X

CHEPR0510

Prairie

Prairie Creek at Old Hwy
9

X

X

X

X

CHESC0100

Scatter @ James

Scatter Creek at James Rd

X

X

X

X

CHESC0130

Scatter @ Gibson

Scatter Creek at Gibson
Rd

X

X

X

DESDE0000

Deschutes @ Tumwater

Deschutes River at
Tumwater Park/Capitol
Blvd

X

X

X

DESDE0025

Deschutes @ Waldrick

Deschutes River at
Waldrick Rd

X

X

X

DESDE0045

Deschutes @ Vail Lp

Deschutes River at Vail
Loop Rd

X

X

X

¹code needs to be established for this new site
²discontinued using this site in Jan 2017 due to safety concerns

X

X

Table B-1 continued.

Site ID

Site Name

Site Description

FC

TP &
NO₂+NOз

WQ

Flows

DESCH0300

Chambers

Chambers Creek at the end of 58th
St

X

X

X

X

DESRE1100

Reichel

Reichel Creek at Vail Loop Rd

X

X

X

X

DESSP0510

Spurgeon at Rich

Spurgeon Creek at Rich Rd

X

X

X

X

ELDGC0000

Green Cove

Green Cove Creek off Cooper Point
Rd

X

X

X

X

ELDMC0000

McLane

McLane Creek at Delphi Rd

X

X

X

X

ELDPE0000

Perry

Perry Creek at Perry Creek Rd off
Old Hwy 410

X

X

X

X

HENWL0000

Woodland Amb @
PG

Woodland Creek at Pleasant Glade
Rd

X

X

X

X

HENWL0030

Woodland @
Draham

Woodland Creek at Draham Rd
culvert

X

X

X

X

HENWL0800

Tanglewilde

Outfall to Woodland Creek off
Martin Way

X

X

X

X³

HENWO0000

Woodard Amb @
Libby

Woodard Creek off Libby Rd

X

X

X

X

NISEA0000

Eaton

Eaton Creek at Yelm Hwy

X

X

X

X

NISMC0000

McAllister @ I-5

McAllister Creek at southbound
ramp to I-5

X

X

X

NISTH0000

Thompson

Thompson Creek at Centralia
Power Park

X

X

X

X

NISYL0000

Yelm Mouth

Yelm River near Mud Run Rd

X

X

X

X

SKOSK0000

Skook

Skookumchuck River at Hwy 507

X

X

X

TOTKE0000

Kennedy

Kennedy Creek at Old Olympic Hwy

X

X

X

X

TOTSC0000

Schneider T

Schneider Creek at Pneumonia
Gulch off Hwy 101

X

X

X

X

TOTSC0040

Schneider Head

Schneider Creek upstream of the
Steamboat Island and Hwy 101
interchange

X

X

X

³only three measurements in early 2017, then discontinued flow measurements

Types of Data
The mean is the average of the numbers: a calculated "central" value of a set of numbers.
The minimum (min) is the smallest value.
The maximum (max) is the largest value.
Geometric mean (GM) means either the nth root of a product of n factors, or the
antilogarithm of the arithmetic mean of the logarithms of the individual sample values. A
geometric mean, unlike an arithmetic mean, tends to dampen the effect of very high or low
values, which might bias the mean if a straight average (arithmetic mean) were calculated.
This is helpful when analyzing bacteria concentrations, because levels may vary anywhere
from 10 to 10,000-fold over a given period. The geometric mean is a log-transformation of
data to enable meaningful statistical evaluations.
Percentiles are very handy for exploring the distribution of data sets, including the wellknown (and still underused) boxplot. The meaning of percentile can be captured by stating
that the pth percentile of a distribution is a number such that approximately p percent (p%)
of the values in the distribution are equal to or less than that number. So, if ‘280’ is the 90th
percentile of a batch of bacteria samples, 90% of those numbers are less than or equal to
280. The 90th percentile of the bacteria sample distribution approximates Part 2 of water
contact criteria (not to exceed 10%).
•
•
•

The 25th percentile is also called the first quartile
The 50th percentile is generally the median
The 75th percentile is also called the third quartile

7-day average of the daily maximum temperatures (7-DADMax) is the arithmetic average of
seven consecutive measures of daily maximum temperatures. The 7-DADMax for any
individual day is calculated by averaging that day's daily maximum temperature with the
daily maximum temperatures of the three days prior and the three days after that date.

Interpretation Help for Boxplots and Harvey Balls Charts
Figure B-1 provides a legends for box plots. Note that for fecal coliform (FC) bacteria, the
geometric mean (GM), 10th and 90 percentiles are presented. The 90th percentile
approximates Part 2 of the bacteria criteria. For all water quality (WQ) plots, the first (25th
percentile) and third quartile (75th percentile) are presented. The mean is used as the central
tendency for all water quality data, except pH, where the median is used because pH is
measured on a logarithmic scale.

Figure B-1. Legends for fecal coliform bacteria and water quality box plots.

Figure B-2 is the legend use for Harvey Ball summaries of select water quality parameters
and nutrient data in Appendix K. These ideograms provide a quick way to compare water
quality at multiple sites, but simplifying the data results in loss of detail and complexity.

Figure B-2. Legend for Harvey Ball Charts provided in Appendix K.

Appendix C. Temperature
Water temperature is very important because it affects many physical, chemical, and
biological processes in aquatic systems. The solubility and reaction rates of many chemicals
changes with temperature. For example, the solubility of oxygen decreases with increasing
temperature. Biological processes, such as metabolism, growth, and reproduction is affected
by temperature. In fact, many aquatic organisms require a limited temperature range to live
and reproduce. Figures C-1 to C-4 show the range of temperatures recorded at ambient
stream sites during the 2016 to 2017 Water Year.
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Figure C-1 Boxplot showing temperature at sites designated as spawning, rearing, and migration.
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Figure C-2. Boxplot showing temperature at TCEH Ambient Stream sites designated as core
summer habitat for salmonids. The dashed green line at 16.0° C is the highest 7-day average
of daily maximum temperature recommended for this ALU category.
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Figure C-2 Boxplot showing temperature at sites designated as core summer habitat.
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Figure C-3. Boxplot showing temperature at TCEH Ambient Stream sites designated as
supplemental spawning habitat for salmonids. The dashed green line at 13.0° C is the highest
7-day average of daily maximum temperature recommended for these streams to protect
reproduction areas for salmon and trout.
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Figure C-3 Boxplot showing temperature at sites designated as supplemental spawning.
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Figure C-4 Boxplot showing temperature at the TCEH Ambient Stream site McAllister Creek,
designated as extraordinary quality Marine Water. The dashed blue line at 13.0° C is the
highest one-day maximum temperature recommended to protect salmonid migration and
spawning and rearing of clams, oysters, and shellfish.
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Figure C- 4 Boxplot showing temperature at McAllister Creek.

Appendix D. Dissolved Oxygen (DO)
Figure D-1. Boxplot showing dissolved oxygen (DO) concentrations at TCEH Ambient Stream sites
designated as spawning, rearing, and migration aquatic life use for salmonids. Values at or above the
line meet standards.
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Figure D-1. Boxplot of DO concentrations at sites designated as spawning, rearing, and migration.
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Figure D-2. Boxplot showing dissolved oxygen (DO) concentrations at TCEH Ambient Stream sites
designated as core summer habitat for salmonids. Values at or above the line meet standards.
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Figure D-2. Boxplot of DO concentrations at sites designated as core summer habitat.
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Figure D-3. Boxplot showing dissolved oxygen (DO) concentrations at the TCEH Ambient Stream site
designated as extraordinary quality Marine Water. Values at or above the line meet standards.

Marine DO
10.00
9.00
8.00
7.00

mg/L

6.00
5.00
4.00
3.00

McAllister @ I-5

2.00

Figure D-3. Boxplot showing dissolved oxygen concentrations at the site designated as extraordinary quality Marine Water.

Appendix E. pH
The measurement of pH is expressed as the negative logarithm of hydrogen ion
concentration. Figures E-1 to E-3 depict the range of pH measurements at TCEH sites during
the 2016 to 2017 Water Year. The blue (8.5 pH units) and pink (6.5 pH units) dashed lines
show the acceptable pH range from the Washington State water quality standards for each
of the aquatic life use categories.
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Figure E-1. Boxplot showing pH at sites designated for spawning, rearing, and migration.
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Figure E-2. Boxplot showing pH at sites designated as core summer habitat.
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Figure E-3. Boxplot showing pH at the site designated as Extraordinary Quality Marine Water.

Appendix F. Fecal Coliform Bacteria

Three water contact bacteria criteria exist for TCEH sites:
Freshwater Extraordinary Primary Contact Recreation
Part 1. The geometric mean must not exceed 50 colonies/100 mL
Part 2. Not more than 10% of samples obtained for calculating the geometric mean
exceed 100 colonies/100 mL.
Freshwater Primary Contact Recreation
Part 1. The geometric mean must not exceed 100 colonies/100 mL
Part 2. Not more than 10% of samples obtained for calculating the geometric mean
exceed 200 colonies/100 mL.
Marine Primary Contact Recreation
Part 1. The geometric mean must not exceed 14 colonies/100 mL
Part 2. Not more than 10% of samples obtained for calculating the geometric mean
exceed 43 colonies/100 mL.
Table F-1 (the following three pages) and Figures F-1 to F-3 summarize fecal coliform
bacteria data for the 2016 to 2017 Water Year at TCEH ambient stream sites.

Table F-1. Compliance of TCEH ambient stream sites with fecal coliform bacteria criteria.

Totten Watershed Site

Kennedy
Schneider T

Water
Contact
Recreation
Criteria
FW
Extraordinary

Oct 2016 Sept 2017
Part 1

Part 2

Part 1

Part 2

Part 1

Part 2

Pass

Pass

Pass

Pass

Pass

Pass

FW
Extraordinary

Pass

Pass

Pass

Pass

Fail 66
cfu/100
mL

Fail
25%

NA

NA

NA

NA

Fail
13%
Oct 2016 Sept 2017

Perry

FW
Extraordinary
Water
Contact
Recreation
Criteria
FW Primary

McLane

FW Primary

Pass

Green Cove

FW Primary

Pass

Schneider Head₁

Eld Watershed Site

Pass

wet season

wet season

Part 2

Part 1

Part 2

Part 1

Part 2

Pass

Pass

Pass

Pass

Pass

Fail
17%

Pass

Pass

Pass
Fail 201
cfu/100
mL

Pass

Fail
13%

Fail
17%
Oct 2016 Sept 2017

Prairie
Scatter @ Gibson
Scatter @ James

FW Primary

Pass

Fail
20%

Pass

Fail
14%

Chehalis @ Independence

FW Primary

Pass

Pass

Pass

Pass

Skookumchuck

Chehalis Watershed Site

dry season

Part 1

Water
Contact
Recreation
Criteria
FW
Extraordinary
Water
Contact
Recreation
Criteria
FW Primary
FW Primary

Skookumchuck Watershed
Site

dry season

wet season

Pass

Fail
50%
Fail
25%

dry season

Part 1

Part 2

Part 1

Part 2

Part 1

Part 2

Pass

Pass

Pass

Fail
13%

Pass

Pass

Oct 2016 Sept 2017

wet season

dry season

Part 1

Part 2

Part 1

Part 2

Part 1

Part 2

Pass
Pass

Pass
Pass

NA
Pass

NA
Pass

NA
Pass
Fail 118
cfu/100
mL
Pass

NA
Pass

₁ Schneider Head: 8 total samples, only 1 in the dry season

Fail
33%
Pass

Table F-1 continued.

Black Watershed Site
Salmon
Blooms Ditch
Black @ 128th
Beaver
Black @ Moon
Budd Inlet Watershed Site

Black Lake Ditch

Water
Contact
Recreation
Criteria
FW Primary
FW Primary
FW Primary
FW Primary
FW Primary
Water
Contact
Recreation
Criteria
FW
Extraordinary

Oct 2016 Sept 2017
Part
Part 1
2
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Oct 2016 Sept 2017
Part
Part 1
2

wet season
Part 1
Pass
Pass
Pass
Pass
Pass

Part
2
Pass
Pass
Pass
Pass
Pass

wet season

dry season
Part 1
Pass
Pass
Pass
Pass
Pass

Part
2
Pass
Pass
Pass
Pass
Pass

dry season

Part 1

Part
2

Part 1

Part
2

Pass

Pass

Pass

Pass

Pass

Pass

Percival

FW
Extraordinary

Pass

Fail
25%

Pass

Pass

Fail 140
cfu/100
mL

Fail
75%

Indian

FW Primary

Pass

Fail
27%

Pass

Pass

Fail 336
cfu/100
mL

Fail
100%

Fail 130
cfu/100
mL

Fail
50%

Fail 173
cfu/100
mL

Fail
67%

Fail 147
Fail
cfu/100
57%
mL
Oct 2016 Sept 2017
Part
Part 1
2

Moxlie Mouth

FW Primary

Deschutes Watershed Site

Water
Contact
Recreation
Criteria

Reichel

FW Primary

Pass

Deschutes @ Vail Lp
Deschutes @ Waldrick
Spurgeon
Chambers
Deschutes @ Tumwater

FW Primary
FW Primary
FW Primary
FW Primary
FW Primary

Pass
Pass
Pass
Pass
Pass

wet season
Part 1

Part
2

Pass

Pass

Pass

Pass
Pass
Pass
Pass
Pass

Pass
Pass
Pass
Pass
Pass

Pass
Pass
Pass
Pass
Pass

dry season
Part 1
Fail 145
cfu/100
mL
Pass
Pass
Pass
Pass
Pass

Part
2
Fail
25%
Pass
Pass
Pass
Pass
Pass

Table F-1 continued.

Oct 2016 - Sept
2017
Part
Part 1
2

Henderson Inlet Watershed
Site

Water
Contact
Recreation
Criteria

Woodard @ Libby

FW
Extraordinary

Pass

Tanglewilde

FW
Extraordinary

Woodland @ Draham

Woodland @ PG

Nisqually Watershed Site

Yelm Mouth
Thompson
Eaton

McAllister

wet season

dry season

Part 1

Part
2

Part 1

Part
2

Fail
18%

Pass

Fail
13%

Fail 80
cfu/100
mL

Fail
33%

Pass

Fail
25%

NA

NA

NA

NA

FW
Extraordinary

Pass

Fail
17%

Pass

Fail
13%

Fail 63
cfu/100
mL

Fail
25%

FW
Extraordinary

Pass

Fail
25%

Pass

Fail
13%

Fail 83
cfu/100
mL

Fail
50%

Water
Contact
Recreation
Criteria
FW
Extraordinary
FW
Extraordinary

Oct 2016 - Sept
2017
Part
Part 1
2

wet season

dry season

Part 1

Part
2

Part 1

Part
2
Fail
25%

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Fail 58
FW
cfu/100
Extraordinary
mL

Fail
42%

Pass

Fail
25%

Fail 125
cfu/100
mL

Fail
75%

Fail 19
cfu/100
mL

Fail
17%

Fail 16
cfu/100
mL

Fail
13%

Fail 26
cfu/100
mL

Fail
25%

Marine
Primary

Figures F-1 to F3 are boxplots showing fecal coliform (FC) bacteria concentrations at TCEH
Ambient Stream sites designated as Primary Contact Recreation. The dark green dotted line
at 100 cfu/100 mL shows the freshwater criteria for Part 1. The light green dashed line
shows the standard for Part 2 at 200 cfu/100 mL (this plot has a logarithmic scale).
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Figure F-1. Boxplot showing FC concentrations at sites designated as Primary Contact Recreation.

Figure F-2 is a boxplot showing FC bacteria concentrations at TCEH Ambient Stream sites
designated as Extraordinary Primary Contact Recreation. The dark green dotted line shows
the freshwater criteria for Part 1 at 50 cfu/100 mL. The light green dashed line shows the
criteria for Part 2 at 100 cfu/100 mL (this plot has a logarithmic scale).
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Figure F-2. Boxplot showing FC bacteria concentrations at sites designated as Extraordinary Primary Contact Recreation.

Figure F-3 is a boxplot showing the FC bacteria concentration at the TCEH Ambient Stream
site designated as Marine Primary Contact Recreation. The dark blue dotted line shows the
marine criteria for Part 1 at 14 cfu/100 mL. The light green dashed line shows the criteria for
Part 2 at 43 cfu/100 mL (this plot has a logarithmic scale).
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Figure F-3. Boxplot showing the FC bacteria concentration at the site designated as Marine Primary Contact Recreation.

Appendix G. Specific Conductivity
The ability of water to pass an electrical current is called conductivity. Pure water won’t
conduct electricity. Dissolved inorganic solids in water that exist as cations (positively
charged ions) and anions (negatively charged ions) do conduct electricity. Some examples of
ions that conduct electricity commonly found in water include nitrate, chloride, magnesium,
calcium, and iron. Organic compounds like oils, phenols, and alcohols do not conduct
electricity well, resulting in low conductivity values. Water temperature affects conductivity.
Warmer water dissolves ions better, increasing the conductivity. For this reason,
conductivity in water is standardized to 25ᵒ C, which is called specific conductivity.
The geology of a watershed affects conductivity in streams and rivers. For example, streams
that flow through areas with clay have higher conductivity because the solids from the clay
dissolve and ionize in the water. In contrast, granite does not dissolved and ionize in water,
so streams flowing through areas with granite bedrock will have lower conductivity.
Pollutants in streams can also affect the conductivity of water. When septic systems or
sewer systems discharge effluent into streams, conductivity increases due to the presence of
chloride, phosphate, and nitrate in wastewater. If an organic pollutant like oil is spilled into a
stream, the conductivity would decrease.
TCEH measures specific conductivity in micro Siemens per centimeter (µmhos/cm) at our
monitoring sites.
Figure G-1 is a boxplot of showing the range of specific conductivity values at 17 of the TCEH
freshwater sites for the 2016 to 2017 Water Year. The plot shows the following values:
minimum, first quartile, mean, 3rd quartile, and maximum.
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Figure G-1. Boxplot of specific conductivity values for TCEH freshwater sites.
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Figure G-2 is a boxplot of showing the range of specific conductivity values at 14 of the TCEH
freshwater sites for the 2016 to 2017 Water Year. The plot shows the following values:
minimum, first quartile, mean, 3rd quartile, and maximum.
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Figure G-2. Boxplot of specific conductivity values for TCEH freshwater sites.
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Appendix H. Turbidity
Figures H-1 and H-2 show the range of turbidity values (FNU) at Thurston County
Environmental Health (TCEH) freshwater ambient sites. The boxplots show the following
values: minimum, first quartile, mean, 3rd quartile, and maximum values.
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Figure H-1. Boxplot showing turbidity values for TCEH freshwater sites.
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Figure H-2. Boxplot showing turbidity values for TCEH freshwater sites.
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Appendix I. Stream Discharge
Figure I-1 shows stream discharge at Thurston County ambient stream sites. Values shown
are from discharge measurements with less than 10% uncertainty when the stream was
flowing. This chart does not show high discharges (when it was unsafe to measure), low
discharges (when the instrument registers high uncertainty), and when the stream was dry
or stagnant.
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Figure I-1. Stream discharge at TCEH ambient stream sites.
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Appendix J. Water Quality Index
The Water Quality Index scores for Thurston County for streams combines seven measures
of water quality. Four of the component measures (dissolved oxygen, pH, temperature, and
fecal coliform bacteria) are tied to the Water Quality Standards for protecting aquatic life
use and contact recreation. The other three measures (nitrogen, phosphorus, and turbidity)
do not have numeric standards, although they are related to general ecosystem function.
The Water Quality Index (WQI) was designed to rate general water quality relative to
expected water quality. TCEH converted monitoring results from monthly grab-samples
(single samples) to scores ranging from 1 to 100. A higher number is indicative of better
water quality. Scores of 80 and above indicate sites that met expectations and are lowest
concern. Scores from 40 to 79 pinpoint sites of moderate concern. Scores less than 40
suggest that water quality did not meet expectations and these sites are highest concern for
impairment.
WQI scores are good for communicating information to an audience without getting into the
technical details or the complexity of individual systems. The WQI score provides quick
answers to general questions. These scores are most useful for comparing water quality at a
site compared to its expectations. These scores should not be used to compare sites, unless
the expectations for the sites are the same.
Although the WQI is good for quickly communicating information, precision is lost by
reducing multiple data sets to a single number. Aggregation of data into a single score may
mask short-term water quality problems. Site specific decisions should be based on analysis
of the original water quality data.
The WQI is calculated based on a pre-determined set of constituents. A site may have a good
WQI score, but be impaired by a constituent that is not included on the index.
Table J-1 provides 2016 to 2017 Water Year WQI scores for TCEH sites. The average score for
the 33 sites was 69. Ten sites met water quality expectations and were considered low
concern. Scores at these sites ranged from 80 to 95 (mean 86). A majority of TCEH sites (23)
were moderate concern. Scores at these sites ranged from 41 to 79 (mean 61). The table is
color-coded: light green indicates low concern, light yellow signifies moderate concern, and
light orange specifies moderate concern sites with scores just above the high concern level
(41).

Table J-1. WQI scores and level of concern for TCEH ambient stream sites.

Watershed
Black
Black
Black
Black
Black
Budd
Budd
Budd
Budd
Chehalis
Chehalis
Chehalis
Chehalis
Deschutes
Deschutes
Deschutes
Deschutes
Deschutes
Deschutes
Eld
Eld
Eld
Henderson
Henderson
Henderson
Henderson
Nisqually
Nisqually
Nisqually
Skookumchuck
Totten
Totten
Totten

Site Name
Beaver @ LR
Black @ 128
Black @ Moon
Blooms Ditch
Salmon
Black Lake Ditch
Indian
Moxlie mouth
Percival (mouth and cove sites)
Chehalis
Prairie (wet season only)
Scatter @ Gibson
Scatter @ James
Chambers
Deschutes @ Tumwater
Deschutes @ Vail
Deschutes @ Waldrick
Reichel
Spurgeon
Green Cove
McLane
Perry
Tanglewilde (4 wet season samples)
Woodard Amb @ Libby
Woodland @ Draham
Woodland Amb @ PG
Eaton
Thompson
Yelm mouth
Skook
Kennedy
Schneider Head
Schneider T

WQI
Score
67
52
73
84
67
48
48
48
60
71
84
67
60
89
80
62
79
41
91
55
76
85
65
66
41
56
53
95
77
69
90
83
82

Level of
Concern
moderate
moderate
moderate
low
moderate
moderate
moderate
moderate
moderate
moderate
low
moderate
moderate
low
low
moderate
moderate
moderate
low
moderate
moderate
low
moderate
moderate
moderate
moderate
moderate
low
moderate
moderate
low
low
low

Table J-2 provides the average WQI score for each watershed. The Totten Inlet watershed
had the highest average score (85). The Budd Inlet had the lowest average WQI score (51).
Table J-2. Average WQI score for each watershed.

Watershed
Black
Budd
Chehalis
Deschutes
Eld
Henderson
Nisqually
Skookumchuck₁
Totten

Average WQI Score

₁Skookumchuck Watershed has only one site

69
51
71
74
72
57
75
77
85

Appendix K. Summaries of Temperature, Dissolved Oxygen, Total Phosphorus
and Nitrite + Nitrate
These charts summarize Water Year 2016 to 2017 temperature, dissolved oxygen (DO), pH,
and nutrient data for each watershed where TCEH monitors stream sites.
These round ideograms (sometimes called Harvey Balls) are a handy way to quickly compare
sites to see which meet water quality criteria. Each one quarter slice equals one quartile of
the data set. Each data set is divided into the following parts: first quartile (25th percentile),
mean (or median for pH), and third quartile (75th percentile). The shaded portions or orange
font indicate the portion of the data or specific months that exceeded the water quality
standard or reference condition. The grey portions or grey font depict the part of the data
set or specific months that met water quality standards.
Be aware that these ideograms do simplify the data. If a portion is shaded orange, then at least that much of the data set
exceeded the standard or reference condition. The data is simplified by showing only quartiles. For more in depth
information, examine the raw data and see the report narrative and boxplots summaries. Figure K-1 is a legend to aid
interpretation of the charts below. The labels (All Data, Greater than 75th Percentile, etc.) refer to the part of the data set
that exceeds the water standard or recommended reference condition.

Figure K-1. This legend provides guidance for interpretation of Harvey Ball charts.

Figure K-2 summarizes temperature, dissolved oxygen (DO), pH, total phosphorus (TP), and
nitrite+nitrate data for the Totten Inlet Watershed for the 2016 to 2017 Water Year.

Figure K-2. Summary of Totten Inlet watershed temperature, DO, pH, TP, and nitrite + nitrate.

Figure K-3 summarizes temperature, dissolved oxygen (DO), pH, total phosphorus (TP), and
nitrite+nitrate data for the Eld Inlet Watershed for the 2016 to 2017 Water Year.

Figure K-3. Summary of Eld Inlet watershed temperature, DO, pH, TP, and nitrite + nitrate.

Figure K-4 provides a summary of temperature, dissolved oxygen (DO), pH, total phosphorus
(TP), and nitrite+nitrate data for the ambient site at the Skookumchuck River.

Figure K-4. Summary of temperature, DO, pH, TP, and nitrite + nitrate at the Skookumchuck site.

Figure K-5 summarizes temperature, dissolved oxygen (DO), pH, total phosphorus (TP), and
nitrite+nitrate data for the Chehalis River Watershed.

Figure K-5. Summary of temperature, DO, pH, TP, and nitrite + nitrate for the Chehalis River watershed.

Figure K-6 compiles temperature, dissolved oxygen (DO), pH, total phosphorus (TP), and
nitrite+nitrate data for the Black River Watershed.

Figure K-6. Summary of Black River watershed temperature, DO, pH, TP, and nitrite + nitrate.

Figure K-7 sums up temperature, dissolved oxygen (DO), pH, total phosphorus (TP), and
nitrite+nitrate data for the Budd Inlet Watershed.

Figure K-7. Summary of Budd Inlet watershed temperature, DO, pH, TP, and nitrite + nitrate.

Figure K-8 provides a quick summary of temperature, dissolved oxygen (DO), pH, total
phosphorus (TP), and nitrite+nitrate data for the main stem sites of the Deschutes River.

Figure K-8. Summary of Deschutes River (main stem sites) temperature, DO, pH, TP, and nitrite + nitrate.

Figure K-9 sums up temperature, dissolved oxygen (DO), pH, total phosphorus (TP), and
nitrite+nitrate data for the tributaries to the Deschutes River.

Figure K-9. Summary of Deschutes River tributaries temperature, DO, pH, TP, and nitrite + nitrate.

Figure K-10 presents a brief summary of temperature, dissolved oxygen (DO), pH, total
phosphorus (TP), and nitrite+nitrate data for the Henderson Inlet Watershed.

Figure K-10. Summary of Henderson Inlet watershed temperature, DO, pH, TP, and nitrite + nitrate.

Figure K-11 compiles temperature, dissolved oxygen (DO), pH, total phosphorus (TP), and
nitrite+nitrate data for the Nisqually River Watershed.

Figure K-11. Summary of Nisqually River watershed temperature, DO, pH, TP, and nitrite + nitrate.

