












































































































































































































































































































































































































































Protocols

1. Select a monitoring site.

It is often preferable to establish a site that is near the downstream end of a thermal reach, so as to
characterize that reach rather than local conditions. A thermal reach is a reach that has similar (rela-
tively homogeneous) stream and riparian conditions for a sufficient distance to allow the stream tem-
perature to reach equilibrium with those conditions. The length of reach required to reach equilibrium
will depend on stream size (especially water depth) and morphology. A deep, slow moving stream
responds more slowly to heat inputs and requires a longer thermal reach, while a shallow, faster moving
stream will generally respond faster to changing riparian conditions, indicating a shorter thermal reach.
As a rule of thumb, it takes about 600 meters (2000 feet) of similar conditions to establish a equilibrium
thermal reach, although that may be reduced to as little as 300 meters for a small stream under certain
conditions. Ifin doubt about the length of the thermal reach, use 600 meters. Aerial photos will help in
the assessment of stream reach conditions.

If the reach above your monitoring site has highly variable riparian or stream channel conditions (such
as significant tributary input within 600 meters, or major changes in riparian vegetation), you can still
aetermine the temperature at that site. Keep in mind that you will be characterizing localized tempera-
ture conditions as opposed to conditions of a representative reach. In other words, the stream tempera-
ture at that site could be in a state of flux, either increasing or decreasing in order to come into equilib-
rium with changing conditions.

2. Determine the monitoring period.

For determining maximum equilibrium temperature (i.e. maximum annual temperature) of the reach,
monitoring should be conducted between July 15 and August 15, although the period may be extended
until August 30 in some areas, particularly in Eastern Washington: Late June and early July may also
be important high temperature periods in some areas. Use local knowledge to determine the best moni-
toring period, but include the July 15 - August 15 period. Monitoring should be conducted for at least
14 consecutive days during this period. Longer monitoring periods may improve your ability to charac-
terize the temperature regime, but will also increase the risk of losing or damaging your equipment dus
to floods, animal damage, or vandalism.

3. Calibrate instruments.

Before installing thermographs or thermometers, conduct a calibration check to ensure reliability.

Calibration of recording thermographs, If thermographs consist of data loggers with separate tempera-

ture probes, each data logger and probe should be marked with a unique identification code. Data
loggers and probes should be paired for calibration in the same combinations as they will be deployed
for monitoring. Place all probes in a stable water bath, along with a reliable reference thermometer.
(Note: In order for the water bath to be stable, it should be water that has had plenty of time to come
into equilibrium with room temperature, or it should be iced so its temperature will not fluctuate rapidiy
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during calibration). If fluctuating temperatures make a stable water bath difficult to obtain, a five gallon
bucket filled with sand can be used. Allow the sand bucket to stabilize for a day prior to calibration.
After a couple minutes of equilibration time, record the reading from each instrument and the reference
thermometer. You may want to do this each minute for ten minutes or so. If any instruments are more
than one-half degree celsius off, adjust the data from these instruments, or qualify the data as accurate to
+/- x degrees. If the error is biased in a consistent direction, based on multiple checks with a reliable
reference thermometer, an adjustment can be made to the thermograph results if desired.

Any instruments off two or more degrees C should not be considered reliable until the problem is
corrected. This is a minimum calibration procedure. It may be improved by running calibration checks
in two different water baths (e.g. one iced and one at room temperature). If the instrument you are
using allows you to obtain an instantaneous reading after it is installed in the stream, then field checks
with a hand held thermometer are also a good idea. Even if you can’t obtain an instantaneous reading in
the field, it's a good idea to do a field check with a hand held thermometer, record the time of the
reading, and compare it to recorded data as a check on thermograph performance. It is also a good idea
to perform calibration checks at the completion of monitoring as added insurance of reliability.

Calibration of maximum/minimum thermometers, Mark each thermometer with a unique identification

number or code. Place the thermometers in a stable water bath along with a reitable reference thermom-
eter. After approximately five minutes, record the readings from both the maximum and minimum
sides of the thermometer. When taking measurements from maximum/minimum thermometers, try to
keep them at least partially submerged in the water bath so air temperatures do not alter the readings.
Continue to take at least two more readings at five minute increments. Then slide a magnet downward
along the thermometers to “zero out” the maximum and minimum marker pins. Record the temperature
at the maximum marker pin placement. Add a substantial amount of ice to the bath to bring the water
temperature down to near 0 degrees C. Gently mix the water bath to achieve a uniform water tempera-
ture. After approximately 20 minutes of equilibration time, with some ice still present, record the
readings from the thermometers and reference instrument. Record the maximum marker pin placement
to determine if it has changed from the initial measurement. In addition, record the minimum marker
pin placement. This will be the initial minimum marker placement. Let the water bath sit over night
and again take readings from both the maximum/minimum thermometers and the reference thermom-
eter. Also, record the minimum marker pin position and compare to the initial reading.

Maximum/minimum thermometers can be manually adjusted to the same reading as the reference
thermometer by loosening the set screws. Alternately, the recordings from the maximum/minimum
thermometers can be adjusted during data analysis by taking the difference from the reference thermom-
eter. If a maximum/minimum thermometer is off by more than 2 degrees C, does not track uniformly
with the reference thermometer during calibration, or the maximum or minimum marker pins are found
to wander during calibration, do not use the instrument.

4. Install instruments.

When installing the temperature probe or max-min thermometer, choose a location in the stream that is
representative of the overall morphology of the reach. If pool habitat is common in the reach, choose a
location in a representative pool. The instrument should be set in the stream so that it is not too near the
bottom so0 as to be unduly influenced by groundwater inflow or stratification. Ensure it is deep enough
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so that it will not be exposed as the water level drops during the low flow period. MacDonald et al.
(1991) recommend areas with turbulent mixing in order to obtain a representative temperature.

nstallati recording th raphs. It is often best to set the probe at about one-half of water depth.

near the center of the cross-section. Attach the probe securely to a stake or rock to keep it where you set
it. Install the probe at a location where it will be shaded from direct sunlight; shade can be from the
canopy or some other feature such as large woody debris. If no shaded locations are available, then it
may be necessary to construct a shade for the probe (e.g. using a section of large diameter plastic pipe).

Several measures can be taken to reduce the potential for loss or damage of data loggers:
i Place data loggers outside of the mean high water line to prevent loss during a freshet;

2. Some data loggers must be housed in a waterproof metal or plastic box that can be locked and
chained to a tree, and,

3. Data logger box and cables can be covered with rocks, moss and wood to hide equipment from
passersby.

Installation of maximum/minimum thermometers, It is important that the thermometer is protected

from excessive movement due to turbulent flow that can cause the marker to move. Build a rock caim
with a height of approximately 8-15 cm (3-6 inches) above the stream substrate to house the maximum/
minimum thermometer. Locate the cairn near the thalweg where uniform flows will give reliable
temperature readings. The site must be deep enough in the water column to insure that the thermometer
will not become de-watered during the monitoring period. Place the maximum/minimum and a refer-
ence thermometer in the stream and wait a minute to allow the instruments to adjust to the water
temerature. This is critical, otherwise the first maximum reading will likely be that of the air. Record
the initial water temperatures from the maximum/minimum thermometers. “Zero out” the maximum
and minimum marker pins with a magnet and lay the thermometer in the cairn with the top of the
instrument slightly elevated. Place a single layer of rocks on top of the thermometer. If the stream may
experience high, scouring flows, anchor the thermometer with string or wire to a large rock or stable
material on the bank.

5. Data collection and checking.

Thermographs. If using recording thermographs, set to record maximum and average temperature at
one hour intervals. The site should be visited periodically to make sure the instruments are in working
order. Once the field monitoring is completed and the results are transferred to a spreadsheet, the data
must be checked. Recording thermographs may begin to drift after a period of time, even if they cali-
brated all right, or direct sunlight hitting a probe or thermometer can cause a spike that does not reflect
actual water temperature. The best way to detect spurious data is to prepare an X-Y graph of the results.
Field checks can also be used to detect gross errors. Spurious data (spikes or drift that cannot be ex-
plained) should be censored before maximums, minimums, or averages are calculated.

Maximum/minimum thermometers. If using min-max thermometers, record data and reset thermom-
eters every one to three days, preferably at the same time each day. By resetting them often, you will be
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able to establish how often high temperatures are reached, and also will be able to characterize the
diurnal temperature range. If, however, your objective 1s only to determine the maximum temperature
that is reached over the monitoring period and you aren’t concerned with how often it is reached, you
may leave the min-max thermometer out for longer periods without reading or resetting it.

Min-max thermometers shouid always be read and reset while in the water, so that air temperature
doesn’t influence the marker pins. Also, it is best to reset them in the morning when air temperatures
are somewhat near the daily mean. Record the information and lay the thermometer back in the cairn.
Wait a minute to ensure the thermometer is back at equilibrium and then “zero out” the marker pins
with the magnet. At the end of the monitoring period, record the final temperatures and take a reading
with a reference thermometer to gauge if the maximum/minimum thermometer is still performing

properly.

The Level 2 Method

The Level 2 method is designed to: 1) determine the maximum temperature regime of a stream reach;
and 2) provide data that can be used to test and improve the Temperature Screens used to design RMZs.

Protocols

1. Monitor stream temperature as described for Level 1.

2. Determine canopy closure/shade level.

Use a spherical densiometer at evenly spaced intervals to determine average canopy closure for the
thermal reach above the monitoring site. See the TFW Ambient Monitoring Reference Point Survey
Module for a discussion on taking canopy closure measurements. Take the canopy closure measure-
ments at 50 meter intervals throughout the thermal reach. The thermal reach extends 300-600 meters
above the site, depending on stream size (see selecting a monitoring site, above). If the percent canopy
closure varies by more than 20% between measurements, then take additional measurements at 25 meter
intervals to more accurately determine the average percent canopy closure for the reach. (In order to
save time, it may be preferable to determine canopy closure at 25 meter intervals from the start, thus
avoiding the need to back-track in cases where the variability exceeds 20%). In addition to calculating
the average canopy closure, keep track of the percent canopy closure at each plot and note plot locations
on a map or sketch of the reach to document how the shade level varies through the reach. At each plot,
stand in the center of the low flow channel and measure canopy closure four times facing upstream,
right bank, downstream, and left bank, and average these to obtain canopy closure for the plot. Depend-
ing on whether the canopy is primarily open or closed, it may be easier to count openings and determine
percent skyview, and then convert this to canopy closure.

3. Determine reach elevation.

Determine the elevation at the midpoint of the thermal reach from a topographic map.
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4. Determine Water Quality Standard Classification of the reach.

The classification of streams is established by the provisions of Sections 120 and 130 of Chapter 173-
201A WAC (the State Water Quality Standards). The stream you are monitoring may be specifically
classified in Section 130, or its classification may be determined by the downstream water it is tributary
to or its location (e.g. all streams within national forests, national parks, or wilderness areas are Class
AA). A copy of the water quality classification list is included in Appendix A.

5. Determine temperature region.

Determine whether the site is located in the Coastal, Western Washington, or Eastern Washington
temperature region (Figure 1). These regions generally correspond to ecoregion boundaries.

Ihe Leve] 3 Methed

The Level 3 method is designed to: 1) determine the maximum temperature regime of a stream reach; 2)
provide data that can be used to test and improve the Temperature Screen used to design RMZs; and 3)
provide data that can be used to test and improve the empirical relations in the TFWTEMP model used
to determine shade requirements in RMZs. The additional information will also allow a more complete
assessment of factors influencing stream temperature.

Protocols

1. Monitor stream temperature as described for Level 1, and determine canopy closure, elevation,
Water Quality Class, and temperature region as described for Level 2.

2. Determine distance from divide.

Measure the stream distance from the monitoring site up the drainage network (longest tributary) to the
drainage divide on a topographic map using a map wheel or digitizer (Figure 2). This parameter is
needed to run the TFWTEMP model, and the model uses this distance to approximate water depth and
groundwater inflow rate based on empirical relationships.

3. Monitor air temperature.
Using procedures similar to those described for stream temperature, install a thermograph/ thermometer

in the riparian zone, near the stream bank, about 1 meter off the ground. Make sure it is shaded from
direct sun. Set recording thermographs to record average rather than maximum hourly temperature.
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Usea 7' or 15' USGS topographic map, or a Water Type map. Pinpoint the site(s). Determine the divide, by
freehand-drawing a line between the next-to-highest contour lines (2500 fi. in this example), making sure you
intersect with the highest contour line as well (2600 ft.). Using a ruler or a map wheel. measure from the site up
to the hand-drawn divide line, moving up the stream channel. (Use the contour lines to approximate the channel
if the channel is not on the map.) TFWTEMP requires the distyance-from-divide value in miles or kilometers.

In this example, distance from divide from Site A is 4.5 miles, and 3.4 miles from Site B.

Fig. 2. Distance from divide determination.
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4. Measure stream depth and width.

Measure water depth and bankfull depth at cross-sections spaced at 50 meter intervals through the
thermal reach. Also measure wetted and bankfull width. These should be measured during the same
flow regime as the monitoring period (i.e. summer baseflow).

5. Document other parameters.
These are optional depending on your objectives and the level of evaluation you wish to conduct:

Groundwater inflow rate. This is difficult to determine, but can be approximated. Careful discharge
measurements made at the upstream and downstream ends of the thermal reach on the same day and
time of day can be compared to yield an approximation of the flow gain or loss within the reach. This
can be converted to groundwater inflow rate (volume per unit length). Whether or not the rate is mea-
sured, make notes of obvious groundwater features such as significant springs or seeps or places where
the stream appears to lose flow to the subsurface.

Riparian Management Zone Width, Determine the average RMZ width on each side of the stream by
measuring from the ordinary high water mark to the edge of the RMZ (determined by tree markings

and/or harvest boundary) at each transect established for stream depth/width or canopy closure (prefer-
ably 50 meter intervals).

Other RMZ Characteristics, At each RMZ width transect, make a visual estimate of other important
characteristics including the ratio of hardwoods to conifer at that location, seral stage of the riparian
forest, extent of blowdown, and other pertinent observations. Document with photographs wherever
possible. For more objective data on these characteristics, plots can be installed for sampling the hard-
wood/conifer ratio, etc. See Washington Department of Wildlife (1990) for methods.

Stream Gradient, Using a clinometer, take gradient between 50 meter sampling points, or more often if
necessary.

Channel Morphology. Describe the predominant channel morphology within the reach; note whether
there is substantial modification by aggradation, debris flows, beaver activity or other influences. The
classification scheme given in Montgomery and Buffington (1993) may be used to describe channel
morphology.

Study Design Considerations

If the monitoring objective is to test the effects of a land management activity (e.g. timber harvest) on
the temperature regime of a stream reach, there are various alternatives for designing the monitoring
program. The main difference between characterizing the conditions of a stream reach and evaluating a
management activity is the need to establish a reference point of comparison to assess effects of the
activity. Either an upstream/downstream design or a before/after design may be used, or the two ap-
proaches can be combined. There are advantages and disadvantages to each approach.
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The before/after design requires a minimum of two summers. The pretreatment summer provides the
control against which the effects of changes caused by management are compared. If both the before
and after monitoring periods are representative of maximum equilibrium temperature conditions (i.e.
monitored between July 15 and August 15), then the comparison is valid and incremental temperature
change can be assessed. This sample design requires the assumption that minor year to year climatic
variability is inconsequential to stream temperature conditions, since the maximum equilibrium stream
temperature is independent of minor fluctuations in regional air temperature maximums. Rather, the
maximum equilibrium temperature of a given stream reach is dependent primarily on riparian conditions
as they affect local air temperature, solar radiation, and relative humidity. Major variation in regional
summer weather and air temperature would invalidate the assumption of year to year comparability.
This can be checked by reviewing regional NOAA weather station records.

The upstream/downstream design can be conducted in a single summer. It requires monitoring at the
upstream end of the thermal reach affected by management to establish incoming stream temperature
(i.e. the conditions resulting from the thermal reach above the treatment). If the riparian vegetation and
stream channel of the upstream reach are similar to that of the downstream reach before management
(i.e. similar stand age, similar stream morphology, etc.), then an assessment of the incremental tempera-
ture change attributable to the management can be made by comparing upstream and downstream
values. Any major differences between the upstream and the pre-management downstream reach would
invalidate an assessment of incremental change, but one could still assess the effects of management on
stream temperature as water flowed through the affected reach.
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APPENDIXES

Appendix A.
Water Quality Classification List
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173-201A-110

APPENDIX A

WAC 173-201A-120 General dassifications. General
classifications applying to various surface water bodies not
specifically classified under WAC 173-201A-130 or 173-
201A-140 are as follows:

(1) All surface waters lying within national parks,
national forests, and/or wilderness areas are classified Class
AA or Lake Class.

(2) All lakes and their feeder streams within the state
are classified Lake Class and Class AA respectively, except
for those feeder streams specifically classified otherwise.

[Ch. 173.201A WAC—p. 10]

Water Quality Standards—Surface Waters

{3) All reservoirs with a mean detention time of greater
than |5 days are classified Lake Class,

) All reservoirs with a mean detention time of 15 days
or less are classified the same as the river section in which
they are located.

{5) All reservoirs established on preexisting lakes are
classified as Lake Class.

{6) Al unclassified surface waters that are wibutaries to
Class AA waters are classified Class AA. All other unclas-
sified surface waters within the state are hereby classified
Class A.

(Statutory Authority: Chapter 90.48 RCW. 92.24.037 (Order 92-29), §
173-201A-120, filed 1£/25/92, effective {2/26M92] .

WAC 173-201A-130 Specific classifications—
Freshwater. Specific fresh surface waters of the state of
Washington are classified as follows:

(1) American River, Class AA
(2) Big Quilcene River and tributaries. Class AA
(3) Bumping River. Class AA
($) Bumt Bridge Creek. Class A
(5) Cedar River from Lake Washington to the
Maplewood Bridge (river mile 4.1). Clags A

&) Cedar River and tributanies from the Maplewood
Bridge tnver mile 4.1) to Landsburg Dam (river

mile 21.6). Class AA
{7) Cedar River and wributaries from Landsburg Dam

(river mile 21.6) 1o headwaters. Special condition -

no waste discharge will be permtied. Class AA

(8) Chehalis River irom upper boundary of Grays
Harbor at Cosmopolis (river mile 3.1, longitude
123°45°45" W) to Scammon Creek (river mile
65.8). Class A

(9 Chehalis River from Scammon Creek (river mile
65.8) 10 Newaukum River (river mile 75.2). Special
condition - dissolved oxygen shall exceed 5.0 mg/L.
from Junc | 1o September 15. For the remamder of
the year. the dissolved oxygen shall meet Class A
criteriza,

(10} Chehalis River from Newaukum River (river mile
75.2) to Rock Creek (river mile 106.7).

(11) Chehalis River, {rom Rock Creek (river mile 106.7)
to headwaters.

{12) Chehalis River, south fork.

(13) Chewuch River.

(14) Chiwawa River.

(15) Cispus River.

(16) Clearwater River,

t17 Cle Elum River.

(18) Cloqualium Creek.

(19) Clover Creck from outlet of Lake Spanaway to inlet
of Lake Steilacoom.

{20) Columbia River from mouth to the Washington-
Oregon border {river mile 3093). Special condilions
- temperature shall not exceed 20.0°C due to human
activities. When nawral conditions exceed 20.0°C,
no temperature increase will be allowed which will
raise the receiving water iemperature by greater than
0.3°C: nor shall such temperature increases, at any
time. exceed 0.3°C due to any single source or
1.1°C due to all such activives combined. Dissolved
oxygen shall exceed 90 percent of saturation.

Class A
Class A

Class AA
Class A
Class AA
Class AA
Class AA
Class A
Class AA
Class A

Class A

Class A
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Water Quality Standards—Surface Waters

Columbia River from Washington-Oregon border
{nver mule 309.3) to Grand Coulee Dam (nver mile
596.6). Special condition from Washingion-Oregon
border (river mile 309.3) to Pnest Rapids Dam | nver
mile 397.1). Temperature shali not exceed 20.0°C
due to human activiies. When natural conditions
exceed 20.0°C. no temperature increase will be
allowed wiuch will raise the receiving water temper-
ature by greater than 0.3°C: nor shall such tempera-
ture increases, al any time. excecd 1=34(T+9).
Columbia River from Grand Coulee Dam (niver mile
596.6) to Canadian border (nver mile 745.0).
Colville River.

Coweeman River from mouth to Mulholand Creck
(nver mile 18.4). 1

Coweeman River from Mulholland Creek (nver mile
18.4) 10 headwaters.

Cowlitz River from mouth 1o base of Riffe Lake
Dam {river mile 52.0).

Cowlitz River from base of Riffe Lake Dam (nver
mile 52.0) 1o headwaters.

Crab Creck and tributaries.

Decker Creek.

Deschutes River from mouth to boundary of
Snoqualmic National Forest (river mile 48.2),
Deschutes River from boundary of Snoqualmie
National Forest (river mile 48.2) 10 headwaters.
Dickey River.

Dosewallips River and tributaries.

Duckabush River and tributaries.

Dungeness River from mouth to Canyon Creek
(river mile 10.8).

Dungeness River and tributaries from Canyon Creek
(river mile 10.8) to headwaters.

Duwamish River from mouth south of a line bearing
254° true tfrom the NW comer of berth 3, terminal
No. 37 to the Black River (river mile 11.0)
{Duwamish River continues as the Green River
above the Black River).

Elochoman River.

Elwha River and tributaries.

Entiat River from Wenatchee National Forest bound-
ary (niver mile 20.5) 1o headwaters.

Grande Ronde River from mouth to Oregon border
{river mile 37}, Special condition - temperature
shall not exceed 20.0°C due 1o human activitzes,
When natural conditions exceed 20.0°C. no wmpera-
ture increase will be allowed which will raise the
receiving water temperature by greater than 0.3°C;
nor shall such temperature increases. at any time,
exceed t=34/(T+9).

Grays River from Grays River Falls (river mile 15.8)
to headwaters.

Green River (Cowliz County).

Green River (King County) from Black River (nver
mile 11.0 and point where Duwamish River contin-
ues as the Green River) 1o west boundary of Sec.
27-T2IN-R6E (west boundary of Flaming Geyser
State Park at river mile 42.3).

Green River (King County) from west boundary of
Sec. 27-T21N-R6E (west boundary of Flaming
Geyser State Park, nver mile 42.3) 10 west boundary
of Sec. 13-T2IN-R7E (river mile 59.1).

Green River and tributaries (King County) from west
boundary of Scc. 13-T2IN-R7E (river mile 59.1) to
headwaters. Special condilion - no waste discharge
will be permitted.

Hamma Hamma River and tnbuanes.

Hanatord Creek from mouth to east boundary of
Sec. 25-T1SN-R2W (nver mike 4.11. Special condi-
tion - dissolved oxygen shall exceed 6.5 mg/L.
Hanaford Creek trom east boundary of Sec. 25-
T15N-R2W (river mile 4.1) 10 headwaters.

Hob River and wributanes.

Class A

Class AA
Class A

Class A
Class AA
Class A
Class AA
Class B
Class AA
Class A
Class AA
Class A
Class AA
Class AA
Class A

Class AA

Class B
Class A
Class AA

Class AA

Class A

Class AA
Class AA

Class A

Class AA

Class AA
Class AA
Class A

Class A
Class AA

(51)

(52)

(59
54

(35}
(56}

67)]

(38)

(59)

(60)
61

62)
63

(64}

(65)

(66)
({.7)]

(68)
69

(70
(71
(72)
(3
4)

(75)
{76)

.

(78)

Hoquiam River (comtinues as west fork above cast
fork) from mouth to nver mile 9.3 (Dekay Road
Bridge) (upper limit of tidal influence).
Humptulips River and tributaries from mouth to
Olympic National Forest boundary on east fork
(river mile 12.8) and west fork (river mile 40.4)
(main stem conunues as west fork).

Humptuhips River, east fork from Olympic National
Forest boundary (nver mile 12.8) o headwalers.
Humpiulips River. west tork from Olvmpic National
Forest boundary (nver mile 40.4) 1o headwaters.
Issaquah Creek.

Kalama Raver from lower Kalama River Falls (river
mile 10.4) 1o headwaters.

Klickitat River from Littie Klickitat River (river mile
19.8) 10 boundary of Yakima Indian Reservation.
Lake Washingion Ship Canal from Government
Locks triver mile 1.0) to Lake Washington {river
mile £.6). Special condition - salinity shall not
exceed one pan per thousand (1.0 ppt) at any point
or depth along a linc that transects the ship canal at
the University Bridge (river mile 6.1).

Lewis River, east fork, from Multon Falls (river mile -
24.6) to headwaters,

Linle Wenatchee River.

Methow River from mouth to Chewuch River (river
mile 50.1).

Methow River from Chewuch River (river mile
50.1) to headwaiers.

Mill Creek from mouth to 13th Street Bridge in
Walla Walla (river mile 6.4). Special condition -
dissolved oxygen concentration shall exceed 5.0
mg/L.

Mill Creek from 13th Sireet Bridge in Walla Walla
{river mile 6.4) to Walla Walla Waicrworks Dam
{river mule 25.2).

Mill Creek and tributaries from city of Walla Walla
Waterworks Dam (niver mile 25.2) 10 headwaters.
Special condition - no waste discharge will be
permitted.

Naches River from Snogualmie National Forest
boundary {river mile 35.7) 10 headwalers.

Naselle River from Naselle "Falls™ (cascade al river
mile 18.6) to headwaters.

Newsukum River.

Nisquaily River from mouth to Alder Dam (river
mile 44.2),

Nisqually River from Alder Dam (river mile 44.2) to
headwaters.

Nooksack River from mouth to Maple Creek (river
mile 49.7),

Nooksack River from Maple Creek (river mile 49.7)
10 headwaters.

Nooksack River, south fork, from mouth to
Skookum Creek (river mile 14.3).

Nooksack River, south fork. from Skookum Creek
(river mile 14.3) 10 headwaters,

Nooksack River, middle fork.

Okanogan River.

Palouse River from mouth to south fork FColfn.
river mile 89.6).

Palouse River from south fork (Colfax, river mile
89.6) 10 ldaho border (river mile 123.4). Special
condition - temperature shall not exceed 20.0°C due
10 human activities. When natural conditions exceed
20 0°C, no temperature increase will be allowed
whech will raise the receiving waler lemperature by
greater than 0.3°C: nor shall such temperature
increases, ot any time. exceed 1=34/(T+9).
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Class B

Class A
Class AA

Class AA
Class A

Class AA
Class AA

Lake Class

Class AA

Class AA

Class A

Class AA

Class B

Class A

Class AA

Class AA

Class AA
Class A

Class A
Class AA
Class A
Class AA
Class A
Class AA
Class AA
Class A

Class B

Class A
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(79

(80

(81)
(82)

(83)
(84)
(85)
(86)
(87)
(88)
(89)
(90)
91)
(92)

93)

(94)
(95)

96)
9N
(98)

(a)

(b)

99

(100)

Pend Orealle River from Canadian border (nver rmie
16.0) 10 Idaho border (river mile 87.7). Special
condition - temperature shall not exceed 20.0°C due
to human actsviies. When natural conditions exceed
20.0°C. no temperature increase will be allowed
which will rase the receiving water temperature by
greater than 0.3°C: nor shall such temperature
increases. at any time, exceed 1=34/(T+9).

Pilchuck River from cuty of Snohormsh Waterworks
Dam (niver mile 26.8) to headwaters.

Puyallup River from mouth to river mile 1.0
Puyallup River from nver mile 1.0 to Kings Creek
(river mile 31.6).

Puyallup River from Kings Creek (nver mile 1i.6)
10 headwaiers.

Queets River and tributarics.

Quillayute River.

Quinault River and tnbutaries.

Salmon Creek (Clark County).

Satsop River from mouth to west fork (rnver mile
6.4).

Sarsop River, east fork.

Satsop River. middle fork.

Satsop River, west fork.

Skagit River from mouth to Skiyou Slough-lower
end (river mile 25.6).

Skagit River and tributaries (includes Baker, Suak.
Suiattle, and Cascade rivers) from Skiyou Slough-
lower end. (river mile 25.6) to Canadian border
(river mile 127.0). Special condition - Skagit River
(Gorge by-pass reach) from Gorge Dam (river mile
96.6) 1o Gorge Powerhouse (river mile 94.2).
Temperature shall not exceed 21°C due to human
activities. When natural conditions exceed 21°C. no
temperature increase will be altowed which will
raise the receiving waier temperature by greaier than
0.3°C. nor shall such temperaturc increases, at any
time. exceed 1=34/T+9),

Skokomish River and tributaries.

Skookumchuck River from Bloody Run Creck (river
mile 21.4) to headwaters.

Skykomish River from mouth 10 May Creek (above
Gold Bar at river mile 41.2),

Skykomish River from May Creek (above Gold Bar
at river mile 41.2) to headwaters.

Snake River from mouth to Washington-Idaho-
Oregon border (river mile 176.1). Special condition:
Below Clearwater River (river mile 139.3). Temper-
ature shall not exceed 20.0°C due to human activi-
ties. When natural conditions exceed 20.0°C, no
temperature increase will be allowed which will
raise the receiving water temperiture by greater than
0.3°C: nor shall such temperature increases. at any
time, exceed =34/(T+9).

Above Clearwater River (river mile 139.3). Temper-
ature shall not exceed 20.0°C due to human activi-
ties. When natural conditions exceed 20.0°C. no
temperature increases will be allowed which will
raise the receiving water temperature by greater than
0.3°C: nor shall such temperature increases. at any
time, exceed 0.3°C due 10 any single source or
1.1°C due 1o all such acuvities combined.
Snohomish River from mouth and east of longilude
122°13°40"W upstrcam to latitude 47°56° 30N
{southern tip of Ebey Island at raiver mile 8.1).
Special condition - fecal coliform organism levels
shall both not exceed a geometric mean value of 200
colonies/100 mL and not have more than 10 percent
of the samples obtained for calculating the mean
value exceeding 400 colonies/100 ml.

Snchomish River upstream from lanude 47°56°30°N
(southern tip of Ebey Island river mile B 1) to
conlluence with Skykomish and Snoqualmie River
(nver mike 20.5).
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Class A

Class A
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(102)
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(104)
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1106)
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(a)

(b)
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iy
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(15
(116)
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(119)
(120

ti2n

(122)
(12

124)
(125)

(126)
(127

Water Quality Standards—Surface Waters

Snogqualmie River and tributanes from mouth 1o
west boundary of Twin Falls State Park on south
fork {niver mile 9.1).

Snoqualmie River, middle fork.

Snoqualmie River. north fork.

Snoqualmie River, south fork. from west boundary
of Twin Falls State Park (river mile 9.1) to headwa-
ters.

Soleduck River and tributaries.

Spokane River from mouth to Long Lake Dam (river
mule 33.9). Special condition - temperature shail not
exceed 20.0°C due 1o human activities. When
natural conditions exceed 20.0°C. no temperature
increase will be allowed which will raise the receiv-
ing water temperature by greater than 0.3°C: nor
shall such 1emperature increases. at any time. exceed
1=34/(T+9).

Spokane River from Long Lake Dam (river mile
33.9) to Nine Mile Bridge (niver mile 58.0). Special
conditions:

The average cuphotic zone concentration of total
phosphorus (as P) shall not exceed 25ug/L during
the period of June | to October 31,

Temperature shall not exceed 20.0°C, due to human
activities. When natural conditions exceed 20.0°C.
no temperature increase will be allowed which will
raise the receiving water temperature by greater than
0.3°C: nor shall such temperature increases, at any
time exceed 1=34/(T+9).

Spokane River from Nine Mile Bridge (river mile
58.0) to the Idaho border (river mile 96.5). Temper-
ature shall not exceed 20.0°C due to human activi-
ties. When natural conditions exceed 20.0°C no
temperature increase will be allowed which will
raise the receiving water temperature by greater than
0.3°C: nor shall such temperature increases, al any
ume exceed (=34/(T+9).

Stehekin River.

Suillaguamish River from mouth to north and south
forks (river mile 17.8).

Stillaguamish River, north fork. from mouth 1o
Squire Creek (river mile 31.2).

Stillaguarmish River, north fork, from Squire Creek
{river mile 31.2) 10 headwaters.

Stillaguamish River, south fork, from mouth to
Canyon Creek (river mile 33.7).

Stillaguamish River, south fork, from Canyon Creek
(river mile 33.7) to headwaters.

Sulphur Creek.

Sultan River from mouth to Chaplain Creek (river
mile 5.9).

Sultan River and tributaries from Chaplain Creek
(river mile 5.9) to headwaters. Special condition -
no waste discharge will be permitted above city of
Everett Diversion Dam (river mile 9.4).

Sumas River from Canadian border (river mile 12)
to headwaters (river mile 23).

Tieton River.

Tolt River. south fork and wributaries from mouth 10
west boundary of Sec. 31-T26N-R9E (river mile
6.9).

Tolt River, south fork from west boundary of Sec.
31-T26N-ROE (river mile 6.9) 10 headwaters.
Special condition - no waste discharge will be
permned.

Touchet River, nonh fork from Dayion water intake
structure (river mile 3.0) to headwaters.

Toutle River. north fork. from Green River to
headwaters.

Toutle River. south fork.

Tucannon River from Umatilla National Forest
houndary (niver mule 38.1) 10 headwaters.

Twisp River.

Union River and tnbutaries from Bremerton Water-
works Dam (nver mile 6.9) 1o headwaters. Special
condition - no waste discharge will be permitted.

Class A
Class AA
Class AA

Class AA
Class AA

Class A

Lake Class

Class A
Class AA

Class A
Class A
Class AA
Class A

Class AA
Class B

Class A

Class AA
Class A
Class AA

Class AA

Class AA
Class AA

Class AA
Class AA

Class AA
Class AA

Class AA
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(139)

(140)

(141)

(142)

Water Quality Standards—Surface Waters

Walla Walla River from mouth to Lowden (Dry
Creek al nver mile 27.2),

Walla Walla River trom Lowden (Dry Creek at nver
mte 27.2) to Oregon border (nver mile 40). Special
condiion - temperature shatt not exceed 20.0°C due
10 human acttvities. When natural conditions exceed
20.0°C. no temperature increase will be allowed
which will raise the receiving water temperarure by
greater than 0.3°C: nor shall such temperature
increases. al any time, exceed 1=34/(T+9),
Wenatchee River from Wenatchee National Forest
houndary (river mile 27.1) to headwaters.

White River (Pierce-King counties) from Mud
Mountain Dam (river mile 27.1) to headwaters,
White River (Chelan County).

Wildcat Creek.

Willapa River upstream of a line bearing 70° true
through Mailboat Slough light triver mile 1.8).
Wishkah River from mouth to river mile 6 (SW 1/4
SW 1/4 NE 1/4 Sec. 21-T18N-R9W).

Wishkah River from river mile 6 (SW 174 SW 1/4
NE 174 Sec. 21-T18N-R9W) to west fork (river mile
17.7).

Wishkah River from west fork of Wishkah River
({river mile 17.7) to south boundary of Sec. 33-
T2IN-R8W (river mile 32.0).

Wishkah River and tributaries from south boundary
of Sec. 33-T2IN-R8W (river mile 32.0) 1o headwa-
ters. Special condition - no waste discharge will be
permtied.

Wynoochee River from mouth to Olympic National
Forest boundary (river mile 45.9),

Wynoochee River from Qlympic National Forest
boundary (river mile 45.9) to headwaters.

Yakima River from mouth to Cle Elum River (river

" mile 185.6). Special condition - remperature shall

not exceed 21.0°C due to human activities. When
natural conditions exceed 21.0°C. no temperature
increase will be allowed which will raise the receiv-
ing water temperature by greater than 0.3°C; nor
shall such temperature increases. at any time. exceed
1=3/T+9).

Yakima River from Cle Elum River (niver mile
185.6) to headwaters.

Class B

Class A
Class AA
Class AA
Class AA

Class A

Class A

Class B

Class A

Class AA

Class AA

Class A

Class AA

Class A

Class AA

(Statutory Authority: Chapter 90.48 RCW. 92-24-037 (Order 92-29). §
173-201 A-130. filed 11/25/92, effective 12/26/92.)
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