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the criteria for the Matrix of Pathways and Indicators change, an appropriate condition for each
indicator could be assigned based on the results presented in this report.

This report has also consolidated numerous supporting references such as salmon spawning survey
data from the Washington Department of Fish and Wildlife (WDFW), and presents all the raw data
for ease of record keeping and as an aid to future researchers. Furthermore, opportunities for
restoration have been listed and prioritized based on the findings present within this report.

Little Bear Creek is currently utilized by at least nine species of fish including resident, adfluvial,
and anadromous species. Resident fish spend their entire life in a specific stream. Adfluvial fish
spawn and sometimes rear in a stream, but migrate to a lake to mature before returning to a stream
to spawn. Anadromous fish spawn and rear in freshwater, but reach maturity at sea prior to
returning to freshwater to start the process over again. Resident species documented in Little Bear
Creek include coast range sculpins (Cottus aleuticus), western brook lampreys (Lampretra
richardsoni), and cutthroat trout (Oncorhynchus clarki). Cutthroat trout are somewhat unique in
that resident, adfluvial, and anadromous forms may utilize the same stream depending upon
watershed conditions, life history type, and access to the ocean. Species that utilize the adfluvial
life history include cutthroat trout and kokanee salmon (0. nerka [freshwater sockeye]).
Anadromous species documented in Little Bear Creek include chinook salmon (0. tshawytscha),
coho salmon (0. kisutch), and sockeye salmon (0. nerka). Some species such as pink (0.
gorbuscha) and chum (0. keta) salmon have rarely been observed in Little Bear Creek. However,
due to their scarcity, they are not part of an established population, rather, they are strays from
another watershed. Undocumented species such as steelhead trout (0. mykiss) could potentially
utilize Little Bear Creek.

The results of this assessment indicate that Little Bear Creek is very similar to most urbanized
Puget Sound lowland streams in that it has been severely impacted by past and current land-use
activities. The percentage of total impervious surface has increased to about 37 percent and road
density to 5.9 kilometers per square kilometer (km/km) (2.28 mi/mi2) in the past 12 years (Purser
and Simmonds, Snohomish County Surface Water Management, unpublished data as reported by
Kerwin, 2001). Out of the 18 indicators examined, one was found to be partially properly
functioning (temperature). Three were found to range from not properly functioning to at risk
(varied by reach), three were at risk, while the remaining 11 were not properly functioning. The
results are summarized below.

Although the existing habitat conditions reflect those frequently associated with an urbanized basin,
Little Bear Creek is still an important salmon-bearing stream. Little Bear Creek possess numerous
opportunities for enhancement and restoration that could significantly improve conditions for
salmonids. The City of Woodinville is currently undertaking several stream restoration projects
along the Little Bear Creek Corridor. Appendix R outlines current habitat enhancement projects
along the corridor.

Little Bear Creek was segmented into three reaches based on land use and permanent landmarks.
Reach 1 is defined as extending from the mouth to the SR 202 culvert crossing. Reach 2 is defined
as extending from the SR 202 culvert crossing to the SR 522 culvert crossing. Reach 3 is defined
as extending from the SR 522 culvert crossing to the NE 205 th Street culvert crossing.
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Table S-1:
Matrix of Pathway and Indicators Summary

PATHWAY INDICATORS BASELINE CONDITIONS ..,.:
Water Quality Temperature

Sediment

Chemical Contamination & Nutrients

Juvenile Migration and Rearing = Not Properly
Functioning to At Risk

Adult Migration and Spawning = Properly Functioning

Not Properly Functioning

Not Properly Functioning

Habitat Access Physical Barriers At Risk

Habitat Elements Substrate

Large Woody Debris

Pool Frequency

Pool Quality/Depth

Off-Channel Habitat

Refugia

At Risk

Not Properly Functioning 	 .......
Not Properly Functioning

At Risk (not properly functioning in Reach 1)

Not Properly Functioning

Not Properly Functioning

Channel Conditions and Dynamics Width/Depth Ratio

Streambank Condition

Floodplain Connectivity

Reach 1: Not Properly Functioning

Reach 2 and 3: At Risk

Not Properly Functioning

Not Properly Functioning

Flow/Hydrology Change in Peak/Base Flows

Increase in Drainage Network

At Risk

Not Properly Functioning

Watershed Conditions Road Density and Location

Disturbance History

Riparian Reserve/Conservation Areas

Not Properly Functioning	 ._
Not Properly Functioning

Not Properly Functioning (at risk in Reach 3)

Based on the results of this assessment, several additional actions have been outlined that could
potentially improve existing habitat conditions in Little Bear Creek. These recommended actions
include:

1. Obtain, preserve, and enhance land along Little Bear Creek to minimize further habitat
degradation from continued development along the Little Bear Creek corridor.
Undeveloped properties along the corridor with quality riparian habitat should be high
priority acquisitions, such as, the properties to the north of the City's "Lumpkin" property
(east of 134 th Avenue NE crossing). Another area to consider would be the properties to
the west of 134th Avenue NE as described in item 7.

2. Immediately initiate a program to reestablish conifers within the riparian zone throughout
the Little Bear Creek corridor.

3. Restore hardened rip/rap banks along Little Bear Creek. Include creation of pool, and
addition of large woody debris as part of the restoration plan.

4. Retrofit potential pollution-generating sites such as large parking lots and roadways with
pollution prevention and stomi flow retention facilities where such facilities are presently
absent.

5. Reforest upland areas dominated by introduced species such as reed canarygrass and
Himalayan blackberry.
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Lateral scour pool - bedrock formed

Dammed pool

Glide

Run

Step run

Mid-channel pool

Edgewater

Channel confluence pool

Lateral scour pool - boulder formed

Pocket water

Corner pool

12.

13.
14.

15.

16.
17.

18.

19.

20.
21.

22.

2.2 FISHERIES RELATED DATA

2.2.1 In-stream Habitat

DEA utilized the Inventory Methods for Wadable Streams in King County (King County, 2001 a) as
the primary methodology. Both the King County 1991 (Appendix B) and 2001 a (Appendix C)
protocols are based on the methods defined in the USDA Forest Service Stream Habitat
Classification and Inventory Procedures for Northern California (McCain et al., 1990) as modified
by King County staff. Habitat units are defined as one of 22 habitat types listed in Table 1 below.
Additional data as outlined in the USFS — Stream Inventory Handbook for Region 6, Version 2.1
(USFS, 2001) was included.

Table 1:
Stream Habitat Types

3.

Low gradient riffle

High gradient riffle

Cascade

Secondary channel pool

Backwater pool - boulder formed

Backwater pool — rootwad formed

Backwater pool — log formed

Trench/chute

Plunge pool

Lateral scour pool - log formed

Lateral scour pool - rootwad formed  

Source: McCain et al., 1990.

King County surveyed most of the entire length of Little Bear Creek in 1999 (King County, 2001b).
Because of variations in project goals and methodologies only select results from their previous
survey were incorporated into this report. Specifically, DEA used their bankfull width to depth
ratio, scour, and bank stability data.

A hip-chain was used to measure habitat lengths and create station numbers. The hip-chain was
zeroed at the lowermost starting point at each stream reach and utilized to document the location of
each feature or action taken along the stream reach. Each habitat unit was defined as occupying
only the area actually wetted at the time of the survey. Habitat width was measured with a
22.9-meter (75-foot) tape, habitat length with a hip chain, and habitat depth with a 1.2-meter
(4-foot) stick graduated in centimeters. DEA biologists used the U.S. Geological Survey (USGS)
standard of defining "left bank" (LB) and "right bank" (RB) as when facing downstream.

2.2.2 Fish Abundance and Distribution

Data collected by the Washington State Department of Fish and Wildlife (WDFW) and King
County was used to document the presence, abundance, and distribution of salmonids in Little Bear
Creek (WDFW, 2001a). Additional data was collected through field investigations.

DEA biologists electrofished four locations along the mainstem of Little Bear Creek on August 24
and 31, 2001, prior to the arrival of returning adult salmon. Sites electrofished included
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Furthermore, two temperature monitors were deployed in Little Bear Creek between June 15, and
October 18, 2001, to document stream temperature on an hourly basis. DEA utilized two 32K
waterproof Stowaway Tidbit monitors set to collect hourly readings. One was installed in Little
Bear Creek near its confluence with the Sammamish River, and the other was installed near the
King and Snohomish county line immediately downstream of NE 205 th Street.

2.2.4.2 Hydrology

Hydrology data for Little Bear Creek was obtained from King County (2001c). Hydrology data is
collected in King County at the SR 202 crossing of Little Bear Creek in the City of Woodinville
(Station #30). DEA biologists also used a Swoffer Model 2100 flow meter on two occasions to
document site specific conditions. The first measurement was made on June 25, 2001, at the
beginning of the in-stream habitat survey near the confluence of Little Bear Creek and the
Sammamish River. The second event occurred on August 29, 2001, to document variation of flow
at Little Bear Creek as it enters Woodinville at NE 205 th Street, and near its confluence with the
Sammamish River.

2.3 WILDLIFE RELATED DATA

2.3.1 Habitat Availability

DEA biologists mapped plant communities by interpreting aerial photographs and ground-truthing.
DEA translated plant communities into habitat types. Biologists established 17 circular plots with
a 10-meter (32.8-foot) radius in representative locations between the creek and the nearest
development in all habitat types. DEA identified dominant, common, and infrequent plant species;
estimated tree diameter at breast height (DBH); counted snags, stumps, and logs; observed trees for
raptor nests; and assessed overall condition of each habitat area.

2.3.2 Wildlife Presence

2.3.2.1 Birds

DEA biologists surveyed birds on May 18, May 31, and June 18, 2001, using the variable circular-
plot method (Reynolds et al., 1980). Surveys began at sunrise and ended by 9:15 AM (Robbins,
1981). DEA established 20-meter (65.6-foot) radius plots in all habitat types and surveyed for
10 minutes in each plot, recording species observed visually and aurally both in and outside of the
plots. Biologists surveyed 16 plots on May 18, and 13 plots on subsequent survey days.

2.3.2.2 Bats and Owls

DEA biologists surveyed for owls at seven stations on June 19, and July 7, 2001, by soliciting birds
with amplified taped recordings and listening for a response with the unaided ear. At each of
7 stations, located in each habitat type in the study area, biologists broadcast calls for approximately
1 minute and listened for a period of approximately 3 minutes. DEA repeated this procedure
3 times at each station. Although there was no standard distance between stations, we chose
stations that were far enough apart to avoid double counting while still covering the entire study
area. Biologists scanned each station and the surrounding areas with a 20 to 160 kHz bat detector at
1- to 2-minute intervals for approximately 10 minutes and recorded all frequencies of all detections.
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were also known as the Squaks, they were really part of the Simump tribe (Stickney and McDonald,
1977). The native Americans lived primarily near Lake Sammamish, but traveled and camped along
the Sammamish River. The Sammamish River corridor was also likely utilized by several other tribes
as an east-west route.

3.2 ARRIVAL OF EUROPEAN SETTLERS

One of the first Europeans known to have traveled up the Sammamish River was Sam Hancock,
who in 1850 explored for coal in the region (Stickney and McDonald, 1977). The earliest land
claims in the Woodinville area were by George Wilson and Columbus Greenleaf in 1870 (King
County, 2001d). In 1871 the Woodins became the first settlers after rowing across Lake
Washington with all their goods and building a log cabin along the bank of the Sammamish River.
They passed a couple other homesteads on their journey up the Sammamish River. Other families
slowly moved into the area to log the local forests and establish homesteads. By 1897 four families
owned most of the land along Little Bear Creek in Township 26 North, Range 5 East (Appendix E).
Each of these landholders owned approximately one-quarter section along Little Bear Creek in
what today is known as the City of Woodinville. The City of Woodinville was given its name in
honor of the first pioneers, Ira and Susan Woodin sometime around 1887. The railway network
grew rapidly in the area from 1877 through 1888 and was used extensively for both timber and coal
transport. The railroad reached Woodinville in 1877 and Issaquah in 1888. By the 1890s several
stores, hotels, saw mills, meat markets, and other enterprises became established.

Logging the old-growth forest was the primary occupation during this period. The local rivers
played an important role in the transport of timber prior to the arrival of railroad. However, as the
land was cleared and large first-growth trees became more distant, farming became more prevalent.
The Sammamish River valley had been mostly cleared of giant western red cedar trees by the early
1920s. What was referred to as "stump farms" dotted the landscape during this time, but were
gradually being cleared. Because heavy equipment was scarce and consisted primarily of horse
drawn devices, the most common method of stump removal was by dynamiting and then burning
the stump. As the stumps were removed, farming the rich river valley became the primary
occupation in the area and the local population grew.

Other events related to logging and navigation that would result in changes to Little Bear Creek
were occurring closer to Seattle during this same time period. In the 1880s a small channel and
lock was built at Montlake to carry logs to mills. Lake Washington originally drained into the
Black River that flowed into the Duwamish River prior to reaching Elliott Bay. In 1912 the Cedar
River was diverted from the Black River into Lake Washington. This resulted in the replacement
of the Black River as Lake Washington's outlet with the Cedar River as a new inlet. The Hiram M.
Chittenden Locks and a fish ladder were completed by 1916 resulting in Lake Washington being
lowered 2.7 meters (9 feet). In the early 1920's the historically slow and meandering Sammamish
River was straightened, narrowed, and later dredged. By the 1930s stocks of chum and pink
salmon had been extirpated, but three new stocks including Baker River sockeye, Green River coho
and chinook salmon had been introduced (Goetz, proceedings from Conference, 2000).

Little is known about the composition and distribution of fish and wildlife during the early days of
Little Bear Creek. Early accounts say the land was occupied by deer, cougar, bear, and migratory
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Creek are located in a peat bog 2.4 kilometers (1.5 miles) west of Clearview in Snohomish County. The
elevation along Little Bear Creek varies from 76 meters (250 feet) near its headwaters to 6 meters (20
feet) at its confluence with the Sammamish River. Based on these elevations, the overall gradient of
Little Bear Creek is about 0.6 percent. Other reports state the overall gradient is about 0.8 percent based
on an elevation of 94.50 meters (310 feet) near Clearview (Kerwin, 2001).

4.2 CITY OF WOODINVILLE

The City of Woodinville currently covers 1,461 hectares (3,610 acres) and has a population of 9,294
people. The population is expected to reach 13,400 people by the year 2010 based on 1990 census data.
Land use within the city is composed of residential (59.0 percent), commercial (9.2 percent), industrial
(13.4 percent), park/open space (1.2 percent), public right-of-way (11.8 percent) and other (5.4 percent)
designations.

4.3 FISHERIES

Little Bear Creek has been utilized by at least nine resident and anadromous species of fish. This
includes anadromous, adfluvial, and resident salmonids, and sculpins and lampreys. Table 2 below
lists the common name, scientific name, and documentation source for each species known to have
utilized Little Bear Creek. Some species such as chum and pink salmon have been documented
only once. Chinook salmon occur seasonally in low numbers, while other species such as sockeye
and coho salmon, and cutthroat trout can be very abundant. Undocumented species could also
occasionally utilize Little Bear Creek as well. An example of undocumented species that could be
present includes steelhead trout (Oncorhynchus rnykiss) and other species of sculpin (Coitus spp.).
Native char (bull trout/Dolly varden) were not considered in this report due to a lack of
documentation and absence of suitable habitat. Native char have never been documented in Little
Bear Creek, and although it is theoretically possible that if they were to enter the Sammamish River
they could investigate Little Bear Creek, the downstream limit of successful char spawning is
always upstream of the winter snow line (WDFW, 1999). Because the headwaters of Little Bear
Creek originate at an elevation of about 94.50 meters (310 feet), suitable char spawning habitat is
not present in Little Bear Creek due to elevated stream temperatures throughout the basin. If bull
trout were to ever be present in Little Bear Creek, it would likely be foraging adults or sub-adults,
or possibly wayward adults searching for suitable spawning habitat.
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4.3.1 Chinook Salmon

The Puget Sound chinook salmon evolutionarily significant unit (ESU) was designated as
threatened on March 24, 1999 (64 FR 14308). This ESU includes all naturally spawned spring,
summer, and fall runs of chinook salmon in the Puget Sound region. Puget Sound chinook salmon
critical habitat was designated on February 16, 2000 (65 FR 7777). Critical habitat is designated to
include all marine, estuarine and river reaches that could be utilized by chinook salmon in the Puget
Sound region. This incorporates the riverbed, bank, and riparian zone in all rivers currently or
historically utilized by Puget Sound chinook salmon. Based on the fact that fall run chinook
salmon utilize Little Bear Creek, the stream and shoreline are designated critical habitat.

Salmon spawning ground survey data from the WDFW from 1952 through 2000 indicates that
chinook salmon utilization of Little Bear Creek is typically limited to less than 8 individuals
(Table 4). The maximum daily count was 28 chinook salmon on October 21, 1981, but was
typically between 1 and 5 (Appendix J). The highest yearly count occurred in 1981 when a total of
62 chinook salmon were counted (Table 4). The majority of higher counts occurred between
RM 4.4 and 5.5. Sightings were made as early as September 29, and live fish were observed as late
as November 3. Although the WDFW has surveyed Little Bear Creek since 1952, the first
documented adult chinook salmon did not occur in Little Bear Creek until 1971 when one carcass
was found on November 11 between RM 4.4 and 5.4.

Table 4:
Chinook Salmon Summary for Little Bear Creek based on

WDFW Salmon Spawning Ground Survey Data

Year Live Count Dead Count Total Count
1971 0 1 1

1972 0 1 1

1973 0 1 1

1974 3 3 6
1975 4 1 5

1976 13 12 25

1977 2 16 18

1978 11 40 51

1979 0 1 1

1980 0 2 2

1981 20 42 62

1982 0 3 3

1983 0 3 3

1984 0 4 4

1985 11 4 15

1986 0 5 5

1987 7 3 10

1988 0 6 6

1989 1 3 4

1990 0 0 0

1991 0 0 0

1992 0 0 0
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approximately 380 (1952 through 2000 excluding 1962 and 1969 [no data]). However, from 1976 to
1978 when the WDFW conducted intensive salmon spawning surveys at Little Bear Creek an average
of approximately 2,700 coho were observed per year (range = 1,448 to 4,852). The abundance of
coho salmon in Little Bear Creek appears to have dropped in the late 1980s to early 1990s. Prior to
1991 the yearly average total number of observations was approximately 460, after 1991 the yearly
average was 68 with a high of 168 in 1995.

The two highest single day counts included 197 on December 14, 1979, and 191 on December 11,
1987 (Appendix J). Both of these daily counts only represent the adults observed between RM 4.4
and 5.5 on a specific day, and therefore, do not represent the total number of spawning adults in Little
Bear Creek. From 1988 through 2000, the highest daily counts have been 40, 45, 46, 36, 9, 26, 4, 48,
38, 68, 25, 12, and 36, respectively. As previously stated, these numbers are not absolute in that they
can only be used as an indicator of abundance. Numerous factors such as time of year, observer bias,
survey effort, survey timing, flow, water clarity, and weather can all play a role in the total number of
observations.

Unlike chinook salmon, coho juveniles spend from 1 to 2 years in freshwater before heading to sea.
Their extended period of rearing in freshwater makes them especially vulnerable to changes in habitat,
water quality, and hydrology. Following this period of freshwater residence, the juveniles migrate
downstream to Lake Washington and then the ocean. They then spend about 18 months at sea before
returning to their stream of origin for spawning (Wydoski and Whitney, 1979). Returning adult coho
salmon stray within a watershed, and between watersheds.

Low numbers of juvenile coho salmon were captured in Reach 1, 2, and 3 during our electrofishing
survey on August 24, and 31, 2001 (Appendix K). The total coho catch in Reach I was three
juveniles during 110 seconds of effort, or one per 36.7 seconds. Juvenile coho represented 8.3 percent
of the catch in Reach 1. One of the three coho had a clipped adipose fin and was therefore likely from
the Issaquah Hatchery. The hatchery coho was much larger than the others with a total length of 10.7
centimeters (4.2 inches) versus an average length of 8.6 centimeters (3.4 inches) for the naturally
produced coho (range: 8.4 to 8.9 centimeters [3.3 to 3.5 inches]). Two coho were captured in Reach 2
during 320 seconds of effort.

Electrofishing in Reach 3 produced the most coho, except that all the captures occurred in the
upper-most section downstream of NE 205 th Street. A total of nine juvenile coho were captured in the
upper section of Reach 3 during 141 seconds of effort. This equates to one coho per 15.7 seconds of
effort. Juvenile coho represented 20.4 percent of the salmonid catch in the upper section of Reach 3.
Juvenile coho in the upper section of Reach 3 were smaller than those captured in Reach 1 with an
average length of 7.8 centimeters (3.08 inches) ranging from 7.6 to 8.3 centimeters (3 to 3.25 inches).
Overall, juvenile coho represented 7.7 percent of the total catch in Little Bear Creek. No coho were
captured immediately upstream of NE 195 th Street although 29 cutthroat trout and six sculpins were
caught. No hatchery coho were captured in any section of Reach 2 or Reach 3.

The WDFW has planted 2,927,707 emergent, fingerling, fry, pre-smolt, and smolt coho salmon into
Little Bear Creek between 1952 and 1978, and 1,161,763 between 1984 and 1997 (Appendix H).
This does not include additional plants by the tribes, schools, or other organizations. During March of
2001, the Issaquah Creek Hatchery released two different size classes into Issaquah Creek totaling
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variations in water temperature and run timing, these dates are not absolute. However, due to the
closeness between the observed spawning of kokanee in Little Bear Creek on September 20th, it is
possible that these fish were a component of the early-run race.

Sockeye salmon are occasionally the most abundant spawning anadromous salmonid in Little Bear
Creek. Based on salmon spawning ground data from the WDFW, adult sockeye salmon were first
observed in Little Bear Creek in 1970 (WDFW, 2001). Low numbers (n) were observed in 1970
(n =14), 1975 (n = 1), 1976 (n = 8), 1977 (n = 2), 1978 (n = 34), 1979 (n = 91), but began to increase
substantially during 1987 when over 2,000 spawning adults were observed (Appendix J). Exceptionally
large numbers of sockeye salmon spawned in Little Bear Creek in 1996 when 4,716 were recorded.
Based on observations during field visits this year, 2001 will be another productive year for sockeye in
Little Bear Creek.

4.3.4 Chum Salmon

Chum salmon often spawn near tidewater and begin to migrate back to the ocean soon after
emergence. Spawning primarily occurs between October through December, and outmigration
between March and June (Wydoski and Whitney, 1979). Chum salmon were considered extirpated
from Lake Washington by the early 1930s (Goetz, proceedings from Conference, 2000). However,
they are occasionally observed in tributaries to both Lake Washington and Lake Sammamish. Only
two chum salmon have been observed in Little Bear Creek during the WDFW annual salmon
spawning ground surveys from 1952 through 2000. These two adults were observed between RM
4.4 and 5.5 on November 6, 1976 (Appendix J). Based on the low number of observations of chum
salmon in Little Bear Creek, these adults likely strayed from either the Cedar River or other Puget
Sound watersheds.

4.3.5 Pink Salmon

Pink and chum salmon are similar in that they have a short residence time in freshwater as both
adults and juveniles. Spawning occurs primarily between August and September (Wydoski and
Whitney, 1979). Pink salmon were also considered extirpated from Lake Washington by the early
1930s (Goetz, proceedings from Conference, 2000). Only one adult pink salmon has been observed
in Little Bear Creek (WDFW, 2001). The single adult was observed dead between RM 0.0 and 1.1
on November 1, 1977 (Appendix J). Based on the single observation of a pink salmon in Little
Bear Creek, this adult was likely a strayed from a different Puget Sound watershed.

4.3.6 Cutthroat Trout

The life history of cutthroat trout is very diverse. Sea-run, adfluvial, and resident forms utilize the
Lake Washington system. The resident form is likely the most abundant trout and the only resident
salmonid in Little Bear Creek. During our electrofishing survey on August 24 and 31, 2001,
cutthroat trout increased in abundance as we progressed upstream. They represented 8.6 percent of
the catch in Reach 1 (n = 3), 50.8 percent in Reach 2 (n = 32), and 76.2 percent in Reach 3 (n = 64).
Overall, cutthroat trout represented 54.4 percent of the total catch in Little Bear Creek. The largest
specimen captured was in Reach 3 and was 21.6 centimeters (8.5 inches) long (Appendix K).
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Reach 1 Reach 3Reach 2
Date Surveyed

Total Length Surveyed

Bank Full Width

Total # of Habitat Units (NSOs)

Total Habitat Area

Percent Pool by Area

Percent Glide by Area

Percent Riffle by Area

6/25/01

388.2 meters (0.24 mile)

4.5 - 6.6, x 1 = 5.8 meters

14

1,773.58 m2

13.74%

15.04%

71.22%

6/26/01 - 7/6/01

1,725.7 meters (1.07 miles)

3.1 - 8.8, x = 6.2 meters

105

9,267.05 m 2

34.01%

20.48%

47.67%

7/19/01- 8/1/01

1,370.2 meters (0.85 mile)

5.6 - 8.2, x = 6.9 meters

94

7,379.52 m 2

36.57%

21.34%

42.09%

# Hardened Crossings

Percent Armoring

Placed Structures

Gradient

Sinuosity

Number Wolman Measurements

% Fines < 6 mm

Wolman Pebble Count 0-50

Dominant Substrate Type

Flow Measurement (8/24101)

3

98.3%

6 log weirs

0.25 - 1.25%

1.01

2

19 - 40%, x = 29.5%

x= 20.6 mm

Coarse gravel

15.02 cfs

4

13.7%

0

0.56 -1.2%

1.15

5

15 - 41%, x = 27%

x= 21.9 mm

Coarse gravel

Not measured

3

15.5%

5 rip/rap weirs

0.31 - 0.87%

1.08

4

13 - 31%, x = 21.5%

x= 29.6 mm

Coarse gravel

13.77 cfs

upper Little Bear Creek within Snohomish County. Several shells were observed in Little Bear
Creek within King County, but no live specimens were documented during the DEA stream survey.
These shells likely floated downstream during flood events. Another mollusk referred to as the
Asian clam (Coricula fluminea) was observed in the Sammamish River near the mouth of Little
Bear Creek during the DEA stream survey. The Asian clam is an introduced species known to be
present in the Colombia River, but never previously documented in the Sammamish River.
Crawfish are also present in the Sammamish River and Little Bear Creek. However, their presence
in Little Bear Creek appears to be limited to the lowermost section of Reach 1.

4.4 STREAM HABITAT

DEA biologists surveyed the entire section of Little Bear Creek within the City of Woodinville
between its mouth to NE 205th Street from June 25, through August 1, 2001. A total of 3,484.1
meters (2.2 miles) of stream was surveyed from the mouth of Little Bear Creek at the Sammamish
River to the crossing under NE 205 th Street along the City of Woodinville and Snohomish County
line (Table 5). Little Bear Creek was segmented into three reaches. Reach 1 began at the mouth of
Little Bear Creek and extended to the downstream end of the culverts under SR 202. Reach 2
started at the downstream side of the culverts under SR 202 and extended to the upstream side of
the culverts under Highway 522. Reach 3 began at the upstream side of Highway 522 and ended at
NE 205 th Street, which follows the City of Woodinville and Snohomish County line.

Table 5:
Survey Summary for Reach 1, 2, and 3 of Little Bear Creek in Woodinville, Washington

(WDFW Stream Number 08-0080)

Note #1: X = mean measurement

4.4.1 Pool/Riffle Habitat

Pools and riffles are the basic components of stream habitat. The percentage and quality of these
basic components help define the overall health of a stream. They are also key parameters that help
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flows through the City of Woodinville is 24.7 (40/mile), and the overall percentage of pool habitat is
33.1 percent. This further indicates that the frequency of pool habitat is below optimum levels.

Pool Quality: Although the number of pools is very important, another important factor is the
residual depth, which is defined as the maximum depth minus tailout depth. The premise of
residual depth is that deeper pools provide more cover, are more stable, and can be utilized by
larger salmonids such as chinook. Shallow pools provide less cover, can be rapidly filled by
sediment, and do not provide good refugia for salmonids.

The NMFS (1996) considers that pool quality is properly functioning when they contain pools >1 meter
(3.3 feet) deep with good cover and cool water, and minor reduction of pool volume by fine sediment.
Pool quality is at risk when few pools >1 meter (3.3 feet) are present or have inadequate
cover/temperature, and only a moderate reduction in pool volume by fine sediment. Pool quality is not
properly functioning when no pools are >1 meter (3.3 feet) deep and have inadequate cover/temperature,
and there is a major reduction of pool volume by fine sediment. The NMFS Matrix of Pathways and
Indicators does not mention "residual depth," therefore maximum depth will be used.

Within Reach 1, none of the five pools had a maximum depth >0.90 meter (2.9 feet). The
maximum pool depth was 0.90 meter (2.9 feet), average pool depth was 0.60 meter (2 feet), average
maximum depth was 0.85 meter (2.8 feet), average residual depth was 0.55 meter (1.8 feet), and
maximum residual depth was 0.70 meter (2.3 feet). These pools also lacked "good" cover and
"cool" water. Therefore, pool quality in Reach 1 is not properly functioning.

Reach 2 contained 46 pools, but only eight (17.4 percent) had a maximum depth equal to or >1 meter
(3.3 feet). The maximum pool depth was 1.1 meter (3.6 feet), average pool depth was 0.43 meter (1.4
feet), average maximum depth was 0.73 meter (2.4 feet), average residual depth was 0.55 meter (1.8
feet), and maximum residual depth was 0.90 meter (2.9 feet). Although some of the pools contained
good cover, most did not. Therefore, pool quality in Reach 2 is considered at risk.

Pool quality increased in Reach 3 due to the presence of deeper pools. Reach 3 contained 35 pools,
nine (25.7 percent) of which had a maximum depth equal to or greater than 1 meter (3.3 feet). The
maximum pool depth was 1.71 meter (5.6 feet), average pool depth was 0.39 meter (1.3 feet),
average maximum depth was 0.75 meter (2.5 feet), average residual depth was 0.54 meter (1.8
feet), and maximum residual depth was 1.51 meter (4.9 feet). Compared to Reaches 1 and 2, the
percentage of deeper pools increased and overall water temperature decreased, but few pools were
considered to provide adequate cover. A reduction in pool volume due to fines was observed.
Although conditions improved in Reach 3, pool quality is considered at risk. The overall pool
quality in Little Bear Creek as it flows through the City of Woodinville is considered also at risk
because few pools are greater than 1 meter (3.3 feet) deep.

Riffle Habitat: Riffles are also important spawning areas in many streams, and support a myriad
of macroinvertebrates that provide the primary food source for juvenile salmonids as well as other
species of fish. Gradient and water depth dictates the suitability for salmonid spawning while
embeddedness and overall abundance of fines influence productivity. The NMFS (1996) states that
gravel or cobble should be the dominant substrate, with embeddedness being less than 20 percent to
be properly functioning. In other words, the interstitial spaces between the gravel or cobble should
not be filled with more than 20 percent fines, and the gravel should not be compacted. Although
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Reach ,1 eath Reach 3
16 pieces 217 pieces 152 pieces

0 4 1
0.04 0.13 0.11

47.31 125.75 110.93
24.26 meters 7.95 meters 9.01 meters
66.7% (weirs) 23.6% 34.5%

33.3% 76.4% 65.5%
Cedar Cedar Cedar
Alder Alder Alder

3.66 meters 3.31 meters 3.74 meters
32.5 cm 29.2 cm 27 cm

Dominant Conifer Species

Dominant Deciduous Species

Average Length

Average Diameter

# Stumps

# Log Jams

Total Wood Inventoried

# NMFS Woody Debris

Pieces (> 2 m long) per Meter

Pieces (> 2 m long) per kilometer

Distance between Pieces

% Coniferous Woody Debris

% Deciduous Woody Debris

18

4

10

3   

are long-lived and will not decay as rapidly as deciduous trees. Large pieces will also stay
stationary during high flows and scour out pool habitat as water velocity is redirected around them.

The USFS protocol for LWD west of the Cascades segments wood into three size categories based
on length and diameter (USFS, 2001). Small LWD must have a diameter >30.5 centimeters
(12 inches) at a length of 7.62 meter (25 feet) from the large end. Medium LWD must have a
diameter >61 centimeters (24 inches) at a length of 15.24 meter (50 feet) from the large end. Large
LWD must have a diameter >0.91 meter (36 inches) at a length of 15.24 meter (50 feet) from the
large end. The NMFS recommends that streams should have a minimum of 80 pieces of LWD per
1.61 km (1 mile) that are at least 15.24 meter (50 feet) long with a diameter of at least
61 centimeters (24 inches) to be properly functioning.

Both the USFS and NMFS standards are larger than what is now typically found in Puget Sound
lowland streams. Although present in some streams in low numbers, LWD of this size are more
appropriately categorized as remnant key pieces. Because of their scarcity, the new standard of
measuring and categorizing pieces >2 meters (6.6 feet) long and wider than 10 centimeters
(3.9 inches) has been adopted by several jurisdictions. Although these smaller pieces are not as
influential as the key pieces, they do provide some function. By measuring and categorizing their
size, abundance, and species, a more accurate account of existing habitat conditions can be
obtained. Appendix N contains all the specific details of each piece of wood >2 meters (6.6 feet)
long and 10 centimeters (4 inches) wide encountered in Little Bear Creek as it flows through the
City of Woodinville.

Only 5 pieces large enough to meet the NMFS standard were recorded throughout the
3.48 kilometers (2.2 miles) of stream surveyed within the City of Woodinville. Researchers have
documented that the occurrence of smaller pieces of wood such as those inventoried during this
survey in natural streams occur at a rate of 150 to 460 pieces per kilometer (0.62 mile) (Peterson et
al., 1992). The total number of pieces of LWD greater than 2 meters (6.6 feet) long per kilometer
(0.62 mile) in Little Bear Creek is 110.5. Based on the NMFS criteria, large woody debris is not
properly functioning in Little Bear Creek. Table 8 below summarizes our findings by reach, and
the raw data are presented in Appendix N.

Table 8:
Woody Debris Summary for Reach 1, 2, and 3 of Little Bear Creek

Note: The results for Reach 1 were skewed due to the presence of log weirs.
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Table 9:
Substrate Composition Based on Wolman Pebble Counts in

Little Bear Creek, Woodinville

Reach # NSO Location
Fines

<6 mm D35 D50 D84 D95

1. 1 1 R1: Station 18.4 40% 1.9 mm 16.0 mm 175.8 mm 299.3 mm

2. 1 14 R8: Imm. D. stream SR 202 19% 14.2 mm 25.1 mm 132.4 mm 203.4 mm

3. 2 2 Imm. U. stream SR 202 21% 19.2 mm 29.6 mm 64.9 mm 99.5 mm

4. 2 15 R9 41% 1.9 mm 10.1 mm 30.7 mm 44.0 mm

5. 2 27 Station 558.9, UW Bug site 26% 9.6 mm 16.5 mm 35.0 mm 50.7 mm

6. 2 56 R26: Station 1015 32% 8.0 mm 17.9 mm 30.9 mm 43.2 mm

7. 2 76 NSO 76 15% 27.0 mm 35.5 mm 67.5 mm 93.8 mm

8. 3 3 R2 13% 22.9 mm 30.6 mm 57.1 mm 78.1 mm

9. 3 38 R23 24% 20.1 mm 48.7 mm 48.7 mm 61.1 mm

10. 3 50 R30 18% 16.1 mm 22.7 mm 58.4 mm 87.5 mm

11. 3 81 R49 31% 7.4 mm 16.2 mm 41.9 mm 63.9 mm

Wolman pebble count data also documents larger particle size distribution (D35 - D95). The "D"
represents distribution, while the adjoining number represents the percentile of interest. The D35
equates to the distribution of the 35 percentile of the particle size distribution. Whereas the D50 is
the median particle size of a distribution that divides the distribution in two equal parts (mid-
point/median). Another way of expressing this concept is that a percentile is a sediment size
indicated by the cumulative distribution curve for a particle "percent finer" value. Therefore, D35
means 35 percent of the sample was smaller than the cumulative particle size (diameter in
millimeters) documented at the riffle. In the case of the first sample site, 35 percent of the pebbles
measured were smaller than 1.9 millimeter (0.075 inch) in diameter. The data in the form of a
cumulative distribution curve from each of the sample sites is provided in Appendix 0.

Substrate: The NMFS utilizes both embeddedness and substrate composition as the indicators for
substrate quality. The percentage embeddedness is obtained visually and is extremely subjective.
The NMFS criteria for properly functioning is a dominance of gravel or cobble (interstitial spaces
clear) and embeddedness <20 percent, at risk is gravel and cobble subdominant or if dominant
embeddedness is between 20 percent and 30 percent, and not properly functioning if bedrock, sand,
silt or small gravel dominant or if gravel and cobble dominant embeddedness is >30 percent.

Based on the D50 results, the median gravel size in riffles throughout Little Bear Creek in the City of
Woodinville ranged from medium to very coarse gravel. The D50 in Reach I ranged from 16 to 25.1
millimeters (0.63 to 0.99 inch) with the average being 20.55 millimeters (0.81 inch) (coarse gravel).
The D50 in Reach 2 ranged from 10.1 to 35.5 millimeters (0.40 to 1.4 inches) with the average being
21.92 millimeters (0.86 inch) (coarse gravel). The D50 in Reach 3 ranged from 16.2 to
48.7 millimeters (0.64 to 1.92 inches) with the average being 29.55 millimeters (1.16 inches) (coarse
gravel). Although more samples should be taken to increase confidence levels, there appears to be a
trend of increasing D50 results as the upstream distance from Reach 1 increases. Although coarse
gravel was dominant, interstitial spaces were not clear, and embeddedness averaged from 20 percent
to 30 percent (sometimes >30 percent). Based on these results, the Habitat Element Pathway -
Substrate Indicator is at risk.

o:IprojectlwIwood0000-001010500 deliverablesIlbcjinal report. doe

Little Bear Creek 	 32	 July 2002
Corridor Habitat Assessment



matussassv iul►ull lopplo,)
laa.13 .11U311 41111.11

oopwodad /n4-x111	005010100-0000P00^11^,loafoicA:o

mot It sseadde oste Jomo!pm s qj luiuopotinf (Cpadaid iou uaqm owls tuamod 08> puu `)/sid
in uagm alquis luaalad 06 olluaalod 08 `Ompaio Xionpou luoatod 0 t> tpim awls luaaiod 06<
)itrequirans 2uiucipotinf didadaidu soupP (9661) SAIAIN aqZ •5uipaia Xionpou sr lutp ageluaaiod atp
pun awls si irgl Auuq otp jo a2uluamod ot.p of siajai uompuoo wequmags :uompuoj Iacciumails

puu z sogova in 1►.1 In pun `wgmlpRni Spadoid loll aq

01 VAG /Cc' paiapisuoo si i 'peal' In opui qdcp,1qpTM atp `sanssi asatp 2miapisuop -punos paid
ui stuuags pozmuctm ioj palms oci of mod& lou soop poupp Xpuonno su toluorpur sitp `slinsai
2u!krun punoj (L661) "te la AulAl ltgl put 'spit uo pasug •aug linpiurg alp of asoio paiottuu s!
luaalad •86 Imp uoAIS 2muopoun3 Xpoduld act pinoo i qouoN ltgl olgissod tuaas Tou saop	pun
z sogorax uoj anti oq iCiclissod pinoo srgl q2notply	q2no_up i sago-call lnotOno.mt tatamgatmj
iipadold sr Jomoipui slip 'mut) _notp uo pasug •/Clanpoodsoi `0.8 pun `E.c `g.c si	q2no_up

sonata?' iojpal tpdapjppim atp `(ci '00z) iClunoD 5m-m jo snnsal otp uo pasug	xllmaddv)
Z I< Si tuuails'uitio!launf (tpadaid iou u Joj opui alp pun	OI uoompq opal t sup tuuags 4su

tre '01> jo opal qiciopmpim u get" ureags 2upionauni didadaid u ingl satins (9661) SAWN NI

(L661 "te iCeyq) 133.1JO 011SOdd0 OLD Onuti uopo 'pm motudoionop OpIsureans
lnq `paiowse lou am slue(' aril uaqm lauuutio means t uodoop lo/put uopim XpuoicliCT uopuzmucun
jo slouclun ot2olaipiCq aqj •(dui/du Are' XpuoidiCt) r_ipoutie Jo °mosaic' alp kg putrego
poupp otp Impim kris of poaioj alt shut' unags luoaufpu ap JOAO pun mu! lno-girds /Cputwou
pinom mtp smolt-tiON su pomon sr 2upino umop lautreqo situ -paiouin am qua' uoqm osiour
pump mails E JELD OSILTIald otp uo sogai lthouop opui tpdapitppim aqj :opult tildawrimm

•sosuanap Xlisonuts paiono aril sosualoul 2uuouu-e
Jo a-m.1mnd alp su mug Lit Jaw qouo tpim polupossu Xiasoio Imp° am Oupounu luoond pie
Xnsonuis 'atm-ego glop •tnuags u uodn poou'd mac' onuq mg' saouonum omo2odartpue Jo oatf;ap
ap owr ltPsu! apinald /Coq'. `sioluoiput omi Tsui asap ioj satouage imam alp Xci poupp uoaq
ancq so2uluoaiod outoods ou q5notply -2uuouLte tuaalad puu iCilsonuts [OULIEUf0 :apnlom means
E Jo sommuiCp pue suopipuoo imuutio mur	apinoid osiu I0111 (9661) SATAN NT /Cc' padoionap
sioluoipui pue siCumtped Jo xi_imiN otp ur popnpul tou sialainexed leuopippy •Xlinipouuoo
mu'dpoou	pue `uompuoo Truguseags (z) `opul qiclopitppim (.0 :apnloui riot .sdIAN
all iCg possassu sioluotput kmunid pomp sopniout Aumtpud solumu/Cp puu uopipuoo puireup

sa!tugrack puu uompuo lauumn s•t•p

-tiluopaunj Xpadoidlou atc uignjai puu Tunquq lauuetio-jjo Joj Joluoiput
agl Vau mag apnq plat papanino OM mull sopuincil.n puu spuupom luoourpu Jo ssol alp tplm
uopounCuoo ur pup z sop-call Jo suopoas pun `I qouaN inoq2nomp 2upouire clavdp Jo uuoj otp
ur suopuouipoulaipAl smodde g optiq ur poincptisip JO mupunge iCialunbapu
0.10A■ /Cap	alam sons vi2njoi pue ptpgtq lauuutio-Jjo wpuotod moj u q2notpiv -Noalo nog
apnq 2uoir TSIX0 uOnjalimliquq toutrutp-jjo "uptialod jo sactAt 'attic) to `smocixo `sioutrego-opis mad

•smoqxo pue `spuod `10A03 qum snort ialumNouci su lions smou mans puuou 2uunp stoic
Biala ',no' sopniout oslu lug `stuono pooh 2minp passaoae ag tivo Tutp iCllootan umags iomo" Jo
SEM Xiimatio2 OJE asou -smano moll Out 5m_mp tisij alma/mt. Xitiututid ioj toner' ofes u opinoid
of /Cigictu s‘ureaus E Jo siomotput am uOnjoi puu tutiquq Imuugo-Jjo „amnbape„ Jo kigicrepunu

uOnjaloujlquil tauueq3330



partially flawed since a streambank that is completely armored would be considered stable using this
approach and would be categorized as properly functioning. If the banks contain a predominance of
gravels and not fines, the addition of new gravels to a stream channel can be beneficial. King County
(2001b) reported that Reach 1 was 32 percent aimored, 32 percent full scour, 33 percent low scour,
and zero percent stable. Reach 2 was 9 percent armored, 18 percent full scour, 46 percent low scour,
and 27 percent stable (King County, 2001b). Reach 3 was 6 percent armored, 16 percent full scour,
26 percent low scour, and 52 percent stable (King County, 2001b).

DEA biologists documented 98.3 percent armoring in Reach 1 distributed equally between the left
and right banks. The percent armoring in Reach 2 varied depending upon bank (Table 10). The
right bank (RB) was armored for a distance of 185.6 meters (608.9 feet) or 10.7 percent, while the
left bank (LB) was armored for 288.4 meters (946.2 feet) or 16.7 percent. This discrepancy is due
to the abundance of businesses along the left bank, and the relatively long distance between the
right bank and Highway 522. Several sites along the left bank were experiencing localized
sloughing as a result of streambank encroachment and absence of riparian vegetation (Appendix D
- Reach 2 Photo 7). The percent armoring in Reach 3 also varied depending upon bank. The right
bank was armored for a distance of 225.6 meters (740.2 feet) or 16.5 percent, while the left bank
was armored for a distance of 198.5 meters (651.2 feet) or 14.5 percent. Based on these results, the
streambank condition indicator is not properly functioning.

Table 10:
Bank Armoring Along Little Bear Creek in Woodinville

Reach Bank
Downstream
Station (m)

Upstream
Station (m) Length Comment

1. 1 RB 6.6 388.2 381.6 meters Rip/rap +

2. 1 LB 6.6 388.2 381.6 meters Rip/rap +

3. 2 RB 0.0 39.7 39.7 meters SR 202 culvert

4. 2 LB 0.0 39.7 39.7 meters SR 202 culvert

5. 2 LB 128.6 138.2 9.6 meters Rip/rap

6. 2 RB 196.0 226.5 30.5 meters 132nd Ave culvert

7. 2 LB 196.0 226.5 30.5 meters 132nd Ave culvert

8. 2 LB 254.5 274 19.5 meters Rip/rap

9. 2 LB 311.4 315.2 3.8 meters Rip/rap

10. 2 RB 487.1 498.6 11.5 meters 1341h Ave culvert

11. 2 LB 487.1 498.6 11.5 meters 134th Ave culvert

12. 2 LB 778.4 786.0 7.6 meters Gabion weir

13. 2 LB 839 846.1 7.1 meters Rip/rap

14. 2 LB 870.9 898.5 27.6 meters Rip/rap

15. 2 LB 1262.7 1274.2 11.5 meters Rip/rap

16. 2 LB 1281.2 1286.3 5.1 meters Rip/rap

17. 2 LB 1380.7 1390.2 9.5 meters CMP discharge

18. 2 RB 1595.7 1637.1 41.4 meters Old crossing +

19. 2 LB 1595.7 1615.6 19.9 meters Old crossing +

20. 2 LB 1651.7 1666.7 15.0 meters Rip/rap

21. 2 RB 1666.7 1725.7 62.5 meters Hwy 522 culvert

22. 2 LB 1666.7 1725.7 62.5 meters Hwy 522 culvert

23. 3 RB 0.0 17.1 17.1 meters Rip/rap deflector

24. 3 LB 135.3 155.4 20.1 meters Rip/rap - On-ramp
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within Reach 1 was composed of 64.36 percent impervious surface, 27.97 percent shrub/grass
habitat, 5.11 percent forest habitat, and 2.59 percent gravel area.

The width of the vegetated buffer in Reach 2 varied between the left and right banks. The left bank
ranges from 7.6 to 22.9 meters (25 to 75 feet) wide (average width about 7.6 meters [25 feet]) and is
abutted by businesses. The right bank ranges from 15.2 to >61 meters (50 to >200 feet) wide (average
width about 45.7 meters [150 feet]) and is abutted by Highway 522. The overall 122-meter (400-foot)
wide corridor within Reach 2 was composed of 19.38 percent impervious surface, 46.46 percent
shrub/grass habitat, 21.63 percent forest habitat, and 12.52 percent gravel area.

The width of the vegetated riparian buffer along both banks of Reach 3 varies from 15.2 to
>61 meters (50 to >200 feet). The right bank is relatively unconstrained while the left bank is
defined by Highway 522. The overall 122-meter (400-foot) corridor in Reach 3 was composed of
17.12 percent impervious surface, 1.55 percent gravel area, 45.76 percent forested habitat, and
35.56 percent shrub/grass habitat (Table 11).

Table 11:
Land Use Based on 1999 Aerial Photograph

Along Little Bear Creek, Woodinville

Land Use Reach 1 Reach 2 Reach 3 Total
Developed Impervious 64.36% 19.38% 17.12% 24.05%

Gravel - cleared impervious 2.59% 12.52% 1.55% 6.56%

Forested Habitat 5.11% 21.63% 45.76% 29.94%

Shrub/Grass Habitat 27.97% 46.46% 35.56% 39.45%

Based on the photo interpretation of the 1999 aerial photographs (Appendix G), two trends are
apparent. The percentage of developed impervious (developed and gravel [cleared impervious])
surface is significantly higher along the lower reaches while the percentage of forested habitat
significantly decreases. The high percentage (12.52 percent) of cleared gravel area along Reach 2
may be an indicator that more development is planned and that the percentage of developed
impervious surface will continue to increase within potential buffer habitat.

The remaining riparian buffer and upland forest habitat is of vital importance to the continued
functionality of Little Bear Creek. However, the composition of the buffer along Little Bear Creek is
varied, and typically dominated by deciduous trees and non-native species of grasses and shrubs. Red
alder (Alnus rubra), Himalayan blackberry (Rubus procerus), bittersweet nightshade (Solanum
dulcamara), and reed canarygrass (Phalaris arundinacea) are abundant throughout Reaches 1 and 2, and
the lowermost section of Reach 3. Japanese knotweed (Polyonum cuspidatum), another introduced
species is also present and locally abundant, but not as widespread as the other aforementioned invasive
species.

A continuous 61-meter (200-foot) riparian buffer along each bank composed of mature coniferous
forest with numerous adjoining wetlands should be the goal along the Little Bear Creek corridor.
Based on our survey results, these target conditions are absent, but scattered sections along the left
bank of Reach 3 do possess some of the desired traits.
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Table 13:
Shrub and Vine Composition Along Little Bear Creek, Woodinville

# Reach # Common Name Scientific Name Comment

1. 1, 2, 3. Red-twig dogwood Corpus sericea Native.

2. 2 Beaked hazelnut Cotylus cornuta Native.

3. 1, 2, 3. Scotch broom Cytisus scoparius Introduced, invasive.

4. 2 Sala! Gaultheria shallon Native.

5. 3. Black twinberry Lonicera involucrata Native.

6. 2, 3. Indian plum Oemieria cerasiformis Native.

7. 3. Devil's club Oplopanax horridus Native.

8. 1, 2, 3. Pacific ninebark Physocarpus capitatus Native.

9. 2, 3. Sword fern Polysticum munitum Native.

10. 3. Stink currant Ribes bracteosum Native.

11. 2 Wild rose Rosa spp. Native.

12. 1, 2, 3. Evergreen blackberry Rubus laciniatus Introduced, invasive.

13. 2, 3. Thimble berry Rubus parviflorus Native.

14. 1, 2, 3. Himalayan blackberry Rubus procera Introduced, invasive.

15. 1, 2 Salmonberry Rubus spectabilis Native.

16. 2, 3. Trailing blackberry Rubus ursinus Native.

17. 2 Red elderberry Sambucus racemosa Native.

18. 2, 3. Douglas spirea Spiraea douglasii Native.

19. 3. Highbush-cranberry Viburnum edule Native.

Herbs represent the most diverse subset of plants encountered along Little Bear Creek. The most
common groups include the grasses and weeds. The herb category also contains the largest
percentage of introduced species, many of which are invasive. They typically are the first group of
species to colonize disturbed areas and once present are difficult to remove. Some of these species
such as reed canarygrass and bittersweet nightshade can be extremely abundant, and have
established extensive monocultures within the riparian zone. Others such as purple loosestrife and
yellow flag iris are present but sparse.

Table 14:
Herb Composition Along Little Bear Creek, Woodinville

# Reach # Common Name Scientific Name Comment

1. 2 -	 Creeping bentgrass Agrostis stolonifera Introduced.

2. 3. Pearly everlasting Anaphalis margaritacea Native.

3. 1, 2, 3. Lady fern Athyrium felix-femina Native.

4. 2, 3. Canada thistle Cirsium arvense Introduced, invasive.

5. 3 Poison hemlock Conium maculatum Introduced.

6. 1, 2, 3. Morning glory Convolvulus arvensis Introduced, invasive.

7. 2 Bristly hawksbeard Crepis setosa 'Haller' Introduced.

8. 2 Orchard grass Dactylis glomerate Introduced.

9. 2 Bleeding heart Dicentra formosa Native.

10. 1, 2 Fireweed Epilobium sp. Introduced.

11. 2 Field horsetail Equisetum arvense Native.

12. 1, 2 Giant horsetail Equisetum telmateia Native.
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Table 15:
Ornamental Composition Along Little Bear Creek, Woodinville

Reach #
,,	 ,

COMnion Name Scientific Name Comment

1. 3 Norway maple Acer platanoides Introduced.

2. 3 Red maple Acer rubrum Introduced.

3. 1 Butterfly bush Buddleia davidii Introduced.

4. 3 Parneyi cotoneaster Cotoneaster lacteus Introduced.

5. 3 Crocosmia Crocosmia sp. Introduced.

6. 1 Buning bush Euonymus alaalatus Introduced.

7. 1, 2 English ivy Hedera helix Introduced, invasive.

8. 3 Blue star juniper Juniperus squamata Introduced.

9. 2 English holly Liex aquifolium Introduced.

10. 1 Apple fruit tree Malus sp. Introduced.

11. 1 Scotch pine Pinus sylvestris Introduced.

12. 3 Thundercloud plum tree Prunus cerasifera Introduced.

13. 1 Otto-luyken laurel Prunus laurocerasus Introduced.

14. 1 Plum fruit tree Prunus sp. Introduced.

15. 3 Flowering cherry tree Prunus sp. Introduced.

16. 1 Rhododendron species Rhododendron sp. Introduced.

17. 1, 2, 3. Locust tree Robinia sp. Introduced.

18. 1 Weeping willow Salix babylonica Introduced.

19. 2 European mountain ash Sorbus acuparia Introduced.

The NMFS (1996) indicator for riparian reserves includes several factors that must be assessed in
order to determine its existing state. These factors include: adequate shade, large woody debris
recruitment, habitat protection, connectivity, and percent similarity of riparian vegetation to the
potential natural community/composition. The functionality of the riparian reserve decreases as loss
and fragmentation increase, and as the percent similarity of the existing riparian vegetation to the
potential natural community/composition drops from >50 percent (properly functioning), to 25
percent to 50 percent (at risk), and finally <25 percent (not properly functioning). The percent
"intact" can also be quantified in that >80 percent is considered properly functioning, 70 percent to 80
percent is considered at risk, and <70 percent is considered not properly functioning. Based on the
analysis of aerial photographs, ground truthing, and detailed stream survey, the results indicate the
riparian reserves vary by reach.

The riparian reserve in Reach 1 is not properly functioning due to only 5.11 percent being forested
habitat within the 122-meter (400-foot) wide corridor. Furthermore, the limited amount of riparian
reserves along Reach 1 are dominated by deciduous trees and introduced invasive species.

The functionality of the riparian reserve in Reach 2 is not as clear as Reach 1. Although the percent
forested increased to 21.63 percent, it is also composed of primarily deciduous trees, introduced
invasive species are abundant, and shrubs and grasses (46.46 percent) dominate large tracts. The
riparian reserve in this reach is also confined between Highway 522 to the west and commercial
businesses to the east. Furthermore, the ability of the reserve to provide large woody debris and
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life cycle data is for chinook salmon as defined by Kerwin (2001) as adapted by Myers et al., 1998.
The outmigration period lasts from early March through late July, peaking in June. Adult migration
and spawning life cycle data was determined by reviewing the WDFW salmon spawning ground
survey data from 1952 through 2000. The earliest observation of an adult chinook in Little Bear
Creek occurred on September 29 while the latest live sighting occurred on November 5 th, peaking in
October. Although this analysis is focused on chinook salmon it is important to note that some
species such as juvenile coho salmon, resident cutthroat trout, coastrange sculpins, and western brook
lampreys are present in Little Bear Creek throughout the year.

Table 16:
7-day Average Maximum Stream Temperatures for Little Bear Creek, Woodinville

Week
Reach 1
Mouth

Reach 3
205th Chinook Salmon Life Cycle.,..

NMFS Indicator
Status

6/16 - 6/22 15.3°C 14.9°C Peak Juvenile Migration and Rearing At Risk

6/23 - 6/29 14.8°C 14.5°C Peak Juvenile Migration and Rearing At Risk

6/30 - 7/6 16.4°C 16.1°C Peak Juvenile Migration and Rearing Not Properly Functioning

7/7 - 7/13 17.0°C 16.6°C Juvenile Migration and Rearing Not Properly Functioning

7/14 - 7/20 15.1°C 14.7°C Juvenile Migration and Rearing - Adults in Lake Wa. At Risk

7/21 -7/27 16.1°C 15.6°C Juvenile Migration and Rearing - Adults in Lake Wa. Not Properly Functioning

7/28 - 8/3 15.0°C 14.7°C Juvenile Migration and Rearing - Adults in Lake Wa. At Risk

8/4 - 8/10 16.8°C 16.3°C Juvenile Chinook now absent - Adults in Lake Wa. Not Properly Functioning

8/11 - 8/17 17.2°C 16.5°C Adults in Lake Washington Not Properly Functioning

8/18 - 8/24 15.6°C 15.0°C Adults in Lake Washington Not Properly Functioning/At Risk

8125 - 8/31 16.3°C 15.8°C Adults in Lake Washington Not Properly Functioning

9/1 - 9/7 14.8°C 14.4°C Adults in Lake Washington At Risk

9/8 - 9/14 14.7°C 14.2°C Adults in Lake Washington At Risk

9/15 - 9/21 13.7°C 13.3°C Adults possibly present in Little Bear Creek High-end of Properly Functioning

9/22 - 9/28 13.7°C 13.1°C Adult Chinook likely present Little Bear Creek High-end of Properly Functioning

9/29 - 10/5 12.0°C 11.6°C Adult Chinook present - spawning in Little Bear
Creek

Properly Functioning

10/6 - 10/12 11.1°C 10.6°C Adult Chinook present - spawning in Little Bear
Creek

Properly Functioning

10/13 - 10/17 11.0°C 10.6°C Adult Chinook present - spawning in Little Bear
Creek

Properly Functioning

Notes:
	

Properly Funct oning = 10 to 13.9° C.
At Risk = 13.9 to 15.6° C for migrating adults, and 13.9 to 17.8° C for migration and rearing.
Not Properly Functioning = >15.6° C for spawning, and >17.8° C for migration and rearing.

Based on the stream temperature data collected by DEA between June 16, through October 17,
2001, this parameter ranges from at risk to not properly functioning during juvenile migration
and rearing, and properly functioning during adult migration and spawning. However, between
September 15, 2001, through September 28, 2001, temperatures were at the upper end of properly
functioning and will likely shift to at risk during warmer years.

The stream temperature data collected during this study is presented in Appendix P (Reach 1) and
Appendix Q (Reach 3). It is interesting to note that daily stream temperatures fluctuated from 0.46
to 4.68 degrees and that on average, Reach 1 was approximately 0.4 degree warmer than Reach 3.
The greatest daily fluctuations "typically" occurred on days when the maximum hourly temperature
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coliform levels (Kerwin, 2001). Furthermore, a recent King County small streams
toxicity/pesticide study indicates a variety of pesticides are present in Little Bear Creek at levels
high enough to be "toxic" to test species (Kerwin, 2001). Based on the data presented by Kerwin
(2001), and reports by SWM (2000) and King County (1994), the water quality pathway and
associated chemical contamination/nutrients are not properly functioning in Little Bear Creek.

Additional Water Quality Data: Water quality data was collected in the field with a Horiba U-10
water quality meter during this survey. The goal was to document change by reach, and compare
Little Bear Creek with the Sammamish River utilizing data collected on the same day. Based on
this effort, the following data in Table 17 is presented. On September 25, 2001, pH, turbidity, and
dissolved oxygen levels were noticeably lower in the Sammamish River, while temperature was
elevated (Table 17). Based on the results, water quality is generally better in Little Bear Creek than
in the Sammamish River due to lower water temperature and higher dissolved oxygen levels in
Little Bear Creek. Within Little Bear Creek, conductivity and turbidity increased, and temperature
decreased from Reach 1 to 3. Dissolved oxygen and pH fluctuated little between reaches.

Table 17:
Water Quality Data on 9/25/01 for Little Bear Creek, Woodinville

# Parameter
Sammamish

River
Reach 1
Mouth

Reach 2
134th

Reach 3
205th

1. pH 6.85 7.70 7.89 7.72

2. Conductivity (mS/cm) 0.145 0.144 0.147 0.148

3. Temperature (C) 16.0 13.2 13.3 13.0

4. Turbidity (NTU) 1 7 10 12

5. Dissolved oxygen (mg/L) 6.90 9.40 8.65 8.95

4.4.8 Flow/Hydrology

The flow/hydrology pathway contains two indicators: change in peak/base flow and increase in
drainage network. Increased urbanization results in increased flood frequency and streamflow
variability (May et al., 1997). The result is that flow levels change frequently and extreme flow
events occur more often. This condition is exasperated by an increase in the drainage network.
Elements of the drainage network include ditches, road crossings, and stormwater outfalls. The
overall result is that rainwater reaches the stream channel exponentially faster then what would
occur naturally.

Peak/Base Flow: The NMFS (1996) Matrix of Diagnostics/Pathways and Indicators utilizes
watershed hydrographs to document changes in peak/base flow. A properly functioning stream's
hydrograph would indicate peak, base, and flow timing is comparable to a similar undisturbed
watershed. An at risk stream shows some evidence of change. A not properly functioning stream's
hydrograph indicates pronounced change in peak, base, and flow timing. Based on the following
hydrographs (Figures 5a through 5c), the peak/base flow indicator is at risk due to evidence of
change when compared with hydrographs from minimally disturbed watersheds.
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also contains <15 percent ECA within the watershed, but disturbance is concentrated in unstable or
potentially unstable areas, and/or refugia, and/or riparian areas. A not properly functioning
watershed contains >15 percent ECA and disturbance is concentrated in unstable or potentially
unstable areas, and/or refugia, and/or riparian areas.

This indicator is difficult to judge based on the NMFS (1996) criteria and may be more applicable
to watersheds outside the Puget Sound lowlands due to the extensive amount of development
within this region. The ECA concept appears to be applicable in watersheds where logging is the
dominant land use. Instead, DEA proposes to utilize the Urban Stream Rehabilitation guideline
presented by May (1996) that ranks a stream based on percent total impervious area (percent TIA).
This system results in a ranking of natural (percent TIA < 5 percent), impacted (percent TIA 10 to
30 percent), degraded (percent TIA 30 percent to 40 percent), and non-supporting (percent TIA >45
percent). Therefore, DEA equated natural to properly functioning, impacted to at risk, and
degraded and non-supporting to not properly functioning. The location of the disturbance can also
be factored into the formula.

Since about 37 percent of the watershed is impervious, and much of the riparian zone in the lower
reaches has been developed, this watershed appears to be degraded. Therefore, the disturbance
history indicator is not properly functioning. This is especially apparent when reviewing the rate
of increase in new impervious area from 1989 to present.

4.4.10 Habitat Access

The Habitat Access Pathway includes the Physical Barriers Indicator. The NMFS (1996) states that
a properly functioning stream with man-made barriers allows upstream and downstream fish
passage during all flows. An at risk stream with man-made barriers does not allow upstream and/or
downstream passage at base/low flow. A not properly functioning stream with man-made barriers
does not allow upstream and/or downstream fish passage during a wide range of flows.

The Adopt-A-Stream Foundation conducted a Washington State Depai intent of Transportation
(WSDOT) Level A assessment of 88 culverts that posed potential fish passage barriers throughout the
Little Bear Creek watershed (Adopt-A-Stream, unpublished data as reported by Kerwin, 2001). They
concluded that only 8 of these culverts were fully passable during winter and spring flow conditions.
The remaining 80 culverts posed at least partial barriers during this high flow period. The 8 culverts
that were fully passable during high flows could also pose fish passage barriers during lower flows.
Although this may seem dire, adult salmon are not usually present during peak flow periods in the
early winter and spring time period, and "most" juvenile salmonids are migrating downstream during
the spring. Therefore, this condition may primarily impact resident trout and juvenile coho salmon.
This conclusion does not negate the need to continue basin wide removal of restrictive culverts, or the
conversion of round culverts to larger bottomless culverts and bridges.

Habitat Access is not a major limiting factor along the mainstem of Little Bear Creek as it flows
through the City of Woodinville. Potentially restrictive road crossings containing culverts within
the City of Woodinville include SR 202, 132' Avenue NE, 134 th Avenue NE, Highway 522, NE
195 th Street, and NE 205 th Street. The crossing at NE 178 th Street is considered passable to all life
stages regardless of flow. All crossings within the City of Woodinville are passable to adult
salmonids during the late summer and early fall. All of these crossings are also passable to
juveniles with the possible exception of NE 205 th Street which likely restricts upstream movement
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Table 18 continued

# Reach # Common Name Scientific Name S Rank Comment
20. 1, 2, 3 Brown-headed cowbird Molothrus ater S4N

21. 1 House sparrow Passer domesticus SE

22. 2, 3 Black-headed grosbeak Pheucticus melanocephalus S5B NMBS

23. 1, 3 Downy woodpecker Picoides pubescens S5

24. 3 Hairy woodpecker Picoides villosus S4S5

25. 2, 3 Spotted towhee Pipilo erythrophthalmus S5B Nest observed in Reach 3.

26. 1, 2, 3 Black-capped chickadee Poecile atricapilla S5 Nest observed in Reach 2.

27. 2, 3 Chestnut-backed chickadee Poecile rufescens S5

28. 1, 2, 3 Bushtit Psaltriparus minimus S5 Nest observed in Reach 3.

29. 3 Golden-crowned kinglet Regulus satrapa S5B NMBS

30. 3 Red-breasted sapsucker Sphyrapicus ruber S4S5

31. 1, 2, 3 European starling Sturnus vulgaris SE Nest observed in Reach 2.

32. 1, 2, 3 Violet-green swallow Tachycineta thalassina S5B NMBS

33. 1, 2, 3 Bewick's wren Thryomanes bewickii S5

34. 1, 2, 3 American robin Turdus migratorius S5B

35. 3 Warbling vireo Vireo gilvus S5B NMBS

36. 3 Hutton's vireo Vireo huttoni S5

37. 2, 3 Wilson's warbler Wilsonia pusilla S5B NMBS

38. 1 Mourning dove Zenaidura macroura S5B NMBS

39. 1, 2, 3 White-crowned sparrow Zonotrichia leucophrys S5B NMBS

*NMBS = neotropical migrant bird species

The WDFW PHS program maintains a list of species for which it has occurrence and status
information. A global rank (GRank) describes the species' relative rarity or endangerment
worldwide, and a state rank (SRank) describes the status within Washington State. Most bird
species observed in the study area have a GRank of G5, which signifies that they are demonstrably
secure globally. Most species have an SRank of S5 or S4 (Table 18), defining them as
"demonstrably secure in state" or "apparently secure, with many occurrences", respectively.
SRanks may include the qualifiers "B" and "N", which indicate breeding and nonbreeding status,
respectively, of migrant species. The breeding status of these species may differ greatly from their
nonbreeding status in the state. SE indicates an established exotic species. Two codes for any one
species indicates an intermediate rank.

Eleven of the species recorded along Little Bear Creek are neotropical migrant bird species.
Neotropical migrants breed in North America and winter in Mexico, Central America, the
Caribbean, and South America. The publication of results from long-term survey programs
confirms that populations of many neotropical migrants are declining, in some cases precipitously.
Habitat loss and related problems are key issues in the causes of the declines. Therefore, these
species may be of interest, particularly if they are breeding in the area. The area could potentially
provide breeding habitat for several of these species, including Swainson's thrush, black-headed
grosbeak, willow flycatcher, warbling vireo, Wilson's warbler, mourning dove, and white-crowned
sparrow (Table 18). In addition, neotropical migrant species not detected during surveys and field
visits may use the corridor (Appendix S).
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habitats include second- and third-growth mixed forest, young alder, shrub, and open grassy areas.
Exotic and invasive plant species occur both as infestations and in small, scattered clusters.

Most of the corridor in Reach 1 is disturbed shrub, dominated by Himalayan blackberry, red alder
saplings, and Scotch broom. Approximately 5.1 percent of the corridor along Reach 1 consists of
forested riparian habitat. An area of non-native planted species occurs in the developed area between
130th Avenue NE and NE 178 th Street. The corridor is relatively narrow along this reach and provides
limited wildlife habitat, although the mouth of the creek adjoins more heavily vegetated habitat along
the Sammamish River and may be utilized by birds and other wildlife using the Sammamish River
corridor. Red alder saplings, red-osier dogwood, and Himalayan blackberry were dominant in Reach
1 sampling plots. No snags, logs, or suitable raptor nesting or perching trees fell within sampling
plots. Invasive species are common in all habitat types in the reach. The wildlife community in this
reach is most likely made up of species habituated to human disturbance and able to utilize highly
fragmented habitat (see Tables 18, 19, and 20 for wildlife species occurrence by reach).

Approximately 22 percent of Reach 2 is composed of young and mature deciduous forest. The
remaining area is largely scrub/shrub, much of it disturbed and dominated by invasive weeds. One
small area at the southeast junction of Highway 522 and SR 202 that fell within a sampling plot
consisted of mature riparian vegetation, including red cedar of 61 to 76 centimeters (24 to
30 inches) DBH and several black cottonwoods and Douglas firs each approximately
61 centimeters (24 inches) DBH. Dominant species in this plot were hazelnut, big leaf maple, and
Indian plum. Red alder, black cottonwood, and big-leaf maple dominate the deciduous forest in
Reach 2. Common species include Himalayan blackberry, salmonberry, willow, Douglas fir, and
giant horsetail. Few mature trees occurred outside of the mature forested sampling plot, although
2 snags were present on another plot. Sampling plots in disturbed riparian habitat, including young
forest and scrub/shrub, were dominated by red alder, with infestations of Himalayan blackberry,
Scotch broom, reed canarygrass, and other invasive species. Common native species included
salmonberry, willow, and bitter cherry. The most extensive tracts of undeveloped land in Reach 2
are highly disturbed, while less disturbed areas tend to be small and highly fragmented. These
areas support scattered mature trees, some red cedar along the creek, that may provide limited
perching/nesting opportunities for raptors. The reach contains little breeding habitat for neotropical
migrant bird species, which generally breed in forest interiors.

Reach 3 contains the highest proportion of mature trees and native species-dominated areas, as well
as the most extensive tract of habitat. Deciduous and mixed forest makes up approximately
46 percent of the habitat in this reach, with the remainder in shrub and , grass habitats. The reach
supports potential raptor and neotropical migrant bird habitat, particularly in the northern region,
where habitat is most extensive and large conifers occur more frequently. Sampling plots in Reach
3 fell into three general vegetative communities translated here into habitat types. Douglas fir,
western red-cedar, big-leaf maple, and red alder dominated forested sampling plots. Common
species were western hemlock, red-osier dogwood, salmonberry, trailing blackberry, willow, vine
maple, red elderberry, skunk cabbage, and lady fern. Less frequent species included red
huckleberry, piggyback, and Indian plum. DBH averaged approximately 71 centimeters
(28 inches) for Douglas fir and western red-cedar, 41 centimeters (16 inches) for big-leaf maple,
and 23 centimeters (9 inches) for red alder. Snags, stumps, and logs were more common than in the
other reaches, averaging one of each per sampling plot. Young deciduous forest in Reach 3 was
dominated by red alder, and western red-cedar, black cottonwood, vine maple, and salmonberry
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The NMFS matrix of pathways and indicators is divided into six major pathways each having
several indicators. The following discussion on stream and riparian habitat restoration
possibilities and prioritization follows this habitat component approach. Many of these
indicators are interwoven in that correcting one will also improve another. An example of this is
that large woody debris, riparian reserve, refugia, pool frequency and quality, streambank
conditions, and substrate are all related. Another important consideration is that no single action
will fully restore Little Bear Creek, and that improving existing conditions will be the result of a
multitude of efforts taken over an extended period of time.

The City of Woodinville has already begun undertaking numerous restoration measures along the
Little Bear Creek corridor (Appendix R). This includes land acquisition, culvert removal, fish
passage improvements, and non-native plant removal. These measures, in addition to those
outlined below, will help improve fish and wildlife habitat along the Little Bear Creek corridor.

5.1 WATER QUALITY

Temperature: The temperature indicator ranges from properly functioning to not properly
functioning depending on time of year and life cycle of the species under consideration (see
Section 4.4.7 and Table 16). Stream temperature increases as Little Bear Creek flows towards
the Sammamish River. Based on the results of data collected from two hobo temperature data
loggers installed at the downstream and upstream extremes of Little Bear Creek within the City
of Woodinville, stream temperature typically increases by 0.4 degree Celsius within the city.

Additional data documenting the contribution tributaries and ambient air temperature makes to
the overall increase of stream temperature would be beneficial in analyzing potential mitigating
measures. However, increasing shade by planting conifer trees along the mainstem and
tributaries to Little Bear Creek is the primary action the City of Woodinville could undertake to
address this issue. The simplistic step of drastically increasing the abundance of conifers along
both banks of Little Bear Creek would help increase shade and thereby reduce the rate of increase
in stream temperature. Furthermore, planting conifer trees along both banks would help increase
bank stability, reduce the abundance of invasive species such as reed canarygrass, provide
wildlife habitat, reduce sedimentation, and eventually provide LWD and habitat complexity.

Sediment: The sediment indicator is not properly functioning due to a high percentage of fines
within the substrate. Primary sources of sediment include stormwater runoff from upland
sources such as roads and disturbed areas that directly enter Little Bear Creek or its tributaries,
eroding and sloughing banks, and upstream sources. Remedies to reduce the percent of fines
within the substrate include best management practices (BMPs) associated with construction
projects, bank stabilization efforts, stormwater impact reduction measures, and isolated sediment
removal measures from potential spawning areas or introduction of quality spawning gravel
(typically not practicable). The most practicable measures the City of Woodinville could
undertake to address this issue include bank stabilization efforts utilizing native vegetation,
increasing the enforcement and use of BMPs, and working with Snohomish County to address
upstream sources.

Chemical Contamination and Nutrients: The chemical contamination and nutrients indicator
is not properly functioning (Table 21). This determination was based primarily on high fecal
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The lack of LWD plays a major role in decreasing pool frequency and the availability of refugia.
The importance of LWD in creating and maintaining pool frequency and refitgia is so vital that this
may be the single most important habitat element requiring immediate attention in Little Bear
Creek. Furthermore, because the riparian zone along Little Bear Creek does not contain adequate
numbers of large conifers for LWD recruitment, this indicator will remain not properly
functioning. The addition of LWD by mechanical means in itself is simplistic and only
moderately expensive. However, streamside access and uncertainty in obtaining desired results can
create problems. These facts limit the applicability of installing LWD or creating pool habitat.
However, some areas with good access are present, and careful design and implementation can
increase the probability of success. Sites where access is good include most of Reach 1, within
Reach 2 near 132nd Avenue NE and 134 th Avenue NE, and within Reach 3 immediately upstream of
NE 195 th Street. Additional sections of stream could be accessed along Highway 522.

Another important issue is the availability of future recruitment of LWD. Large conifer trees that
could potentially add to the presence of instream LWD are lacking along the Little Bear Creek
corridor. The only way to address this issue is to plant thousands of conifers along the riparian
corridor. Although the time-delay between planting conifer saplings and achieving LWD
recruitment would be many decades, this action is necessary for the long-term interest of Little
Bear Creek. Because of this time-delay, the planting of conifers is of the highest priority.
Additional actions associated with this effort include the removal of non-native and invasive
species to facilitate conifer establishment, and long-term monitoring. Additional value is created
by this action since planting conifers along the riparian zone will increase bank stability, shade,
and wildlife habitat. The entire remaining vegetated corridor along Little Bear Creek is in need
of immediate and intensive planting of conifer saplings.

Restoring or improving pool frequency above what would result from the placement of LWD in
accessible locations is problematic and costly. Two sites where stream restoration efforts could be
undertaken include the lowermost section of Reach 1 and within Reach 3 immediately upstream of
NE 195 th Street (Appendix G). Both of these sites are fully armored, linear, lack LWD, and consist
of low-gradient riffle habitat. Because these sites are degraded, owned by the city, and accessible,
they are deemed the best candidates for intensive site specific restoration efforts that could address
a multitude of the indicators for the Habitat Elements pathway that are not properly functioning.
Primary actions that could occur at these sites include removal of bank aimoring, creation of
refugia and off-channel habitat, creation of pool habitat, revegetation, and installation of LWD.

Off-channel habitat can also be used as refugia by juvenile salmonids. Off-channel habitat could
be created as part of the site specific restoration plan that would be developed for the two stream
restoration sites mentioned above. Another simplistic and relatively inexpensive measure that
would create additional off-channel habitat and refugia would be to reduce the length of two or
three culverts that currently extend into the active stream channel located in Reach 2
(Appendix D — Reach 2 Photos 10, 12, 17, 20, and 21). These culverts drain the unnamed
tributaries within the City of Woodinville as shown on Figure 3. The idea here is to cut each
culvert back as far as possible into the adjacent uplands for a distance of at least 6 meters (>20
feet) so that new off-channel habitat (and wetlands) is created where culverts and their associated
fill material currently exists. The newly exposed area would need to be graded to the stream's
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migration/spawning) but otherwise not properly functioning. The priority of each indicator was
determined based on time required to achieve desired results, degree of additional benefit,
potential for success, and feasibility. Several of the indicators will benefit from the same basic
action (e.g. installation of LWD and planting conifers). Although prioritized, the actions
required to address these conditions in Little Bear Creek should occur simultaneously.

Table 22:
Not Properly Functioning Baseline Conditions Summary

PATHWAY INDICATORS Priority Basic Action

Water Quality Temperature Medium Plant conifers in riparian zone to increase
shading.

Sediment Medium Stabilize problem areas (e.g. LB of Reach 2),
stabilize banks, reduce/eliminate upland
sources, clean substrate (not practicable).

Chemical contamination and
nutrients

Medium Identify key sources and implement corrective
actions at sources.

Habitat Elements Large Woody Debris

Pool Frequency

Off-Channel Habitat

Refugia

High

Medium

High

High

Install LWD and plant conifers for future
recruitment.

Will increase through installation of LWD

Create through LWD and retracting culverts

Create through LWD and retracting culverts

Channel Conditions and Dynamics Width/Depth Ratio

Streambank Condition

Low

High

Remove armoring and taper back, and address
incision resulting from changes in hydrology.

Remove non-natives & plant > 10,000 conifers

Floodplain Connectivity Medium Protect and restore corridor

Flow/Hydrology Increase in Drainage Network Medium Reduce ditching and impervious area.

Watershed Conditions Road Density and Location

Disturbance History

Riparian Reserve/Conservation
Areas

Medium

Medium

High

Limit new roads and remove unnecessary ones

Protect and restore corridor

Remove non-natives, plant > 10,000 conifers,
preserve existing habitat, and acquire more.

In summary, several key actions could potentially improve existing habitat conditions in Little Bear
Creek. These recommended actions include:

1. Obtain, preserve, and enhance land along Little Bear Creek to minimize further habitat
degradation from continued development along the Little Bear Creek corridor.
Undeveloped properties along the corridor with quality riparian habitat should be high
priority acquisitions, such as, the properties to the north of the City's "Lumpkin" property
(east of 134th Avenue NE crossing). Another area to consider would be the properties to
the west of 134 th  Avenue NE as described in item 7.

2. Immediately initiate a program to reestablish conifers within the riparian zone throughout
the Little Bear Creek corridor.

3. Restore hardened rip/rap banks along Little Bear Creek. Include creation of pool habitat,
and addition of large woody debris as part of the restoration plan.

4. Retrofit potential pollution-generating sites such as large parking lots and roadways with
pollution prevention and storm flow retention facilities where such facilities are presently
absent.
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The first four actions would help create more natural conditions conducive to native wildlife
species. These four actions would benefit wildlife by creating suitable habitat, and Little Bear
Creek by improving buffer functions. The installation of bird boxes is presented as a temporary
measure to provide habitat for cavity nesters until other restoration efforts are able to reestablish
suitable cavity nesting sites.

Numerous opportunities for wildlife habitat enhancement exist along the Little Bear Creek
corridor in the City of Woodinville. Non-native plant removal opportunities exist along all
reaches of the creek. The south end of Reach 1 is highly disturbed and in need of restoration.
Little cover exists and non-native plants, which generally provide poor wildlife habitat, are
common. The creek in the remainder of Reach 1 is closely bordered by development and would
also benefit from restoration, as the existing vegetation provides little cover for wildlife.

The south end of Reach 2 in the vicinity of 132n d Avenue NE also has habitat enhancement
opportunities. Shrub habitat on the left bank between 132n d Avenue NE and 134 th Avenue NE is
heavily infested with Himalayan blackberry, reed canarygrass, and other invasive species and is
in need of weed removal and enhancement. Large areas of Himalayan blackberry and Scotch
broom exist on the right bank beyond the riparian strip. The area from 134 th  Avenue NE to the
north end of Reach 2 would benefit from the removal of reed canarygrass and other exotics,
followed by restoration and enhancement. Although it is highly disturbed, the corridor is
relatively wide in the middle stretch of Reach 2 and could potentially provide habitat for birds
and mammals. Access to the right bank is difficult because of thick blackberry. The riparian
zone becomes very narrow and shade and cover decrease from south to north. The north end of
Reach 2 in particular would benefit from habitat restoration, as there is currently only sparse tree
cover.

The portion of Reach 3 below NE 195 th Street is bordered by private property on the right bank
and Highway 522 on the left bank, and accessibility is poor. The area along Highway 522 is
densely vegetated with Himalayan blackberry, and intensive clearing would be necessary to
access and enhance this area. Private ownership along the left bank (east side) could hinder
restoration attempts along this segment.

A shrub area accessed by a gravel lot off of 136 th Avenue NE immediately north of NE 195 th

Street has good access and potential to provide wildlife habitat. The area is adjacent to a stand of
mixed forest, which supports scattered large conifers and could provide a corridor for wildlife
using the shrub area. Restoration of the gravel lot and adjacent areas would likely provide
additional habitat for wildlife using the corridor north of this point.

Wildlife habitat improves with the increase of forest in the northern portion of Reach 3.
Abundance of potential nesting and perching trees increases northward, and the corridor increases
in width. The middle of Reach 3 is accessible from 136 th Avenue NE, and this area provides
opportunities for habitat improvement. Weed removal and the addition of native trees and shrubs
to upland clearings outside of the riparian zone would enhance habitat in this area. While much of
the forested area is young deciduous trees, larger trees increase in number to the north. This area
might benefit most from the preservation of large conifers and tracts of forest.

p-IprojectlivIwood0000-007010500 deliverablesIlbc_final report.doc

Little Bear Creek 	 64	 July 2002
Corridor Habitat Assessment



wacussassy I pqm lopptiop
ZOOZ Sinf	C9

	
VaID reag aDIFI

aoirmodar Inulro911.,31,1"-10,113P 00010100-0000P00^11^4loaloadvo

•uol5uNgem `apwas -saamosaN [pi-rump luouu•tedoci iCiuno0 5urN .pads-taivA4
uo,auttisviii .93/117 atil 111 utni2odd datpivA4 uotuins daalunpA /661 -qopoz Xittnop 2urN

`amposuoistnTQ aamosaN pupq pup .talent — iCiunoD .(11)1 •/fmtu uozgsvosia
— utsng uo,auttisniti .9)11)7 atp u1 aauvrx fo slimy ptaddn,9 pun amois7H •r000Z -/ClunoD

-uol5uKis1m 'omPas •soamosoN witueN jo Tuatu•pdaa klunoD OurN •ativainA4
uoaup[svAi a4v7 atp ui 1410.120.1d JatialvAi uowins daaptnioA 6661 pun S66[ .0100Z 7Cluno3

.1w1q.kloIsILI/Poom/No sio)i AnnuAll:dpq le aged CPM •PIOOZ •/ClunoD 2urN

0I0OZ 
./CiunoD 5urn *Lugxopuviepaiphyno6.orilaw.iumdpq w aSud ciom

-uol&utisum `ompas •uolslAm soamosaN pun? pup ..lowm
- soomosax wirueN jo luatuppdou klunoD 2urN -srat,9 .11J2,Ef a111i7 pun dtunms- `tpdoN
:satdvinqyj _tartly gsituvtuurns aa-ttu fo mautswaysv- pun ifioittanul inpqnll -gtooz 7ClunoD Oul-N

•uo15uNsum `ampas •1!un
sIsXwu-v pup luaLussossv `Oultopow — uolsn!of soamosa)i puuj pup nwm /ClunoD 5Lux

uots-taii `/Ciunop 2utx ut suiva-pg alqvpvAi .1of spoipaptr (Clotuanui 1f -'a -u 1002 -/ClunoD

-uoT2unisum tIclauCilD -uolssunutoD
uouemosuoD uoiOuntspm	.0 nary (Cioma(tui aamosag .1.9)VA4) 11,CDff tisiztuntutung
— dvpaD dip .10f •oday swatong- f)utptua wpqnll pvatliaaig pun uotui"S I00Z	`ulm13)1

•uoiSttlqs-	apros ssa uol2u!tpu
Jo	-tsamtpioN atfiand atp fo wolg .EL61 Is!nbuoJD d pup "TD Vooplul

•uoi5uNgem
`apwas	ampos t•ootqug jo scboD ./Cutry -s-a 'mop paid -pattsJowm
uol2uNgem olpq ..tawaB aul ut uougps NooLutio i.tIoSuo pup 111033i polooloS :wag
s&t!poopoid 'S'anssy pun (Ciampi — s)yao7 topuappo H ettatui at1101 uopanpo.qui -0002 • j`zpop

-uolSuuispm VoID
•ampilm pup Lls1J jo luouuipdaa uol5utIspm •uoyvdiuntutuo,3 [Duos-dad '000Z	`tisold

•uoi5uNsum VaID
.opippm pup qs!,4 JO luatupvciaa uol5uNgem -uo.zivaiunwItioD inuos,tad '100Z 'S `1C310,4

•uo0uNgem 'alums -/Clopos uognpnv °was •uo2a-to u-taisamtpdoN
uot2utt[snAi u-taisam fo El/4Di," pimp/14 uowittop atp 01 aMnD PlaLl V • L66 1 •pods quips `oNooD

SANA[111,43[11 W9



King County. 2000c. 1999 Chinook Spawner Survey Data Technical Report for the Lake
Washington Watershed. Prepared in cooperation with: Washington Department of Fish and
Wildlife, Seattle Public Utilities, and Muckleshoot Indian Tribal Fisheries Department.

King County. 1999. 1998 Chinook Spawner Survey Data Technical Report for the Lake
Washington Watershed. Prepared in cooperation with: Washington Department of Fish and
Wildlife, Seattle Public Utilities, and Muckleshoot Indian Tribal Fisheries Department.

King County. 1998. 1996 Salmon Spawning Surveys in the Lake Washington Watershed. King
County Department of Natural Resources. Seattle, Washington.

King County. 1994. Water Quality of Small Lakes and Streams — Western King County 1990 —
1993. Publication 946. King County Department of Metropolitan Services. Seattle,
Washington.

King County. 1991. Stream Survey Report Criteria. King County Building and Land
Development Division. Seattle, Washington.

May, C. W., E. B. Welsh, R. R. Homer, J. R. Karr, and B. W. Mar. 1997. Quality Indices for
Urbanization Effects in Puget Sound Lowland Streams. Final Report for the Washington
Department of Ecology. Water Resources Series Technical Report No. 154. Olympia,
Washington.

May, C. 1996. Assessment of Cumulative Effects of Urbanization on Small Streams in the Puget
Sound Lowland Ecoregion: Implications for Salmonid Resource Management.
Dissertation, University of Washington, Seattle, Washington, USA.

McCain, M., D. Fuller, L. Decker, and K. Overton. 1990. Stream Habitat Classification and
Inventory Procedures for Northern California. USDA Forest Service, Pacific Southwest
Region. Arcata, California.

Monzaki, Y. 2001. Personal Communication. City of Woodinville, Surface Water Engineer.
Woodinville, Washington.

NMFS. 1996. Matrix of Diagnostics/Pathways and Indicators. National Marine Fisheries Service,
Portland, Oregon.

Peterson, N. P., A. Hendry, and T.P. Quinn. 1992. Assessment of Cumulative Effects on Salmonid
Habitat: Some Suggested Parameters and Target Conditions. TFW-F3-92-001,
Washington Timber, Fish, and Wildlife.

Pojar, J., and A. MacKinnon. 1994. Plants of the Pacific Northwest Coast. B.C. Ministry of
Forests and Lone Pine Publishing. Redmond, Washington.

Purser, M. and R. Simmonds. Unpublished data on Snohomish County sub-basins total impervious
area and vegetation class land cover. Snohomish County Surface Water Management,
Everett, WA.

cr,projecthelwood0000-001010500 deliverablesIlbcjinal report. doe

Little Bear Creek 	 66 	 July 2002
Corridor Habitat Assessment



luauissassv )u1►quillomilo3
ZOOZ	L9

	vaij -1V311 appl
oop-modal InuIr3911g19,10AllaP 00010 100-0000P00,11.1rda

-saliatislj Jo luaLuvudaa uolOuutsum -uoi.gay punos, 1a2nci 7 aumioA — uoprizmo uoulms-
puv simians uol2uptsviti fo 2o1010,..9 V C L61 'soupy' •f PuE o!tur-rul •IA.I•11 "M*11 sax HEIM

-uoi2uNsum Valp im maim
•tualsdg ,raring qs!tumavillig dip u!	ling •6661 •03IIPIIM Puu gsld Jo luouniudoa uolS'uNsum

•uol5uNsum `ulduuCIO •ampum puu gsld Jo luouniudaci ucOuNsum •ametippoomfo 1O
dof vmp sapadg puv wpm"- (Clwyd -cilooz •anppm puu lisu Jo Tuauiludoci uolOuNstm

•100Z '9z ounf `(wjam)
oiloami lamp maid •oui `salupossv puu swung pInua	Isanbal ulup of osuodsat .tonal

-viva (Wang punodp 2u!uNtvdg uouqvg •u100Z ajtipi i puu ttsld Jo luatuvudaa uoluu4sum

•uolaulaisum	luatuageuvw ialum
aouJins `sltom atlgnd iCluno3 qsullogous •uopvdiunuituoD inuosdad •ooz -N Vinciwou

-9 uol5ox •uol2aNlsamtpioN
°Mud • UZ uo!sioA •	1°4'97 — roqpuvH ddoma,tui wails • IOOZ -00IAJOS 1S0.10,4

•uoaic, `puelpod
`SMASfl_ vy ppg alliavg alp 44 livid (00(1.00.9ff '9861 •aopuos aJ Rpm Puu gsId • s•n.

-ucOuNsum
-luawageuew ialum aouJins `s)vom atlgnd Xiunoj usunoqous -sx/v7 puv swvatig

`sdaetig s‘diuno,9 tisituotioug It! (Cylvna ddll2A4 :saamm alp JO alms dt/1*000Z •Xlunop qs!woqous

•u(DOulgsu
`amuas Xtredwo0 t.up.upduaatatang • adouniax — gatpog — all.iAmpoom „taw' !isititvwums
alp uo sdva (fidv,g• °Jo- — ozs	..ignois, )ivnb,s, • LL,61 -prouoc[ow Z puu "H V `Xourus

•uoi2uNgem `uldul/C10 •331IPIIM
puutisu Jo utouundoci uol5urqsum -)/a9-0 _wag puv danm dvpap `saidvmq!di uoi2u!tisv4j
ar7 onq uz uoilonpodg rouito mod.J'It! tuvadisuNtoa Jo uoimninAl .100Z 'a `-mHos

-opuiolop `s5Lids usoRed
-aoialpiCH puelpilm •uoilvd!fissviD tuvang do" '9M1D P/01/ •8661 •ICoAl!S •1 pup -a ‘1132sox

'98Z
— cLz safied :9 X2olo!E[ uu!ny ut salprus -sp.ug tul_usanai Jo siactwut\I 5u9uwpsa -sioupa
lautpm •f uoos tilipf -3 ticliut :u1 -10!etipv pig uo dva fo ow!' .Jo 73431861 •3 'sup:Noll

•£I£ —	soad :z8 iopuoj -vaquinN pd!g 2uNsyqvisly
dof pogiapti 1o1d dvinadu aNDYDA V '0861 •wnecissnm d 2I pue `uoos •w•f•	`spiouiCall

•uol2uuisum `spuowpg ut 2tup!sat
Xpuauno oluntupoom Jo 'CID all Jo waplsat Xing • uopvdpinuntrop ivuosdad looz	`uutudau



Wolman, M. 1954. A Method of Sampling Coarse River-bed Material. Transactions of the
American Geophysical Union. 35(6): pages 951 — 956.

Wydoski, R.S. and R.R. Whitney. 1979. Inland Fishes of Washington. University of Washington
Press. Seattle, Washington.

o.-IprojectlwIlvood0000-001010500 deliverables Ilbc fnal report.doc

Little Bear Creek 	 68 	 July 2002
Corridor Habitat Assessment



SIDIGNIlddV

A





allpimpoom Jo
ianari alupda	ainjuiain tupspcH

:V XIGNITddV

oa



3314VITV N9.3.1,3039
€411vnb 2tilpuv1gno • • • sivuoIssafaid 2uwuroistri0

->paD _wog opin ui uounquisip pue
aouupunqu ui amen pliant sun 1! cootiosard `gu!nsuctulso ur injdion si ulup sup VnonlIV .(0002
PI-w 6661 'Xitinoj 2u1N) 6661 Pue 8661 wog so!ouoi3u rionos Xq palonpuoo siCauns jo sunsoi otp sapniou!
sun -/CumoD S'uim wag panewo sum uwp Xo/uns Journals (vipspfeviviisi snipuditioduo) looultio ruog!ppv

-2tutuoaplo3 alU 000Z -I"/C 01-11 Wag sunsal agL -(Ippz puu '6661 '8661 'XitinoD	6661 Orlon!" 9661
tuog 2ugup suodat asap jo sadoo pouielno sun vaa -loaD Juog oplq oz!pin iutp spwoupus Jo Joqwnu
tununupn otp uo uoguotput awns sapinoid osiu it -laao _wog opirl ur spiuougus jo uopricilus!p pug aouosaid
and uo uopuuuojui pool sop!xold XlunoD iiu!)l /Cq pownpuoo tuul2oid Janolum uoturs JoolunioA otn

-snooj own pantooal
anuti (-dds viiadtutn) siCakItuul pue `(ptivid sinpurCipoduo) wan woupwo (snllaydalavta smuoisolvD)
salons al-cos-Awl '(•dds gnnoD) studinos '(swing° sdipzioNg) amp pappods `(sinvainov snalsodaisvp)
vamp's oulds-aoup su Lions sapals luauiwo.id ssof jo uopewownooci -qouoi auwo ap SzuuCamns
snslak snooj jo -caw kiutupd otp aq o1 puol siitussolo pool luau suopoos possooae Xpsua imp ui Xuods oq
mod& siCamns osain -laaD Juog oppl u! aoj paakins uoon onun run umaus ap wog poxiosqo Xpsua are
lugs spiuougus	su nous sopods	-Xuods pur oxpooios 1nq 'oictupu/ku st uwp sallonsg 2uusixa

VILNA SARIAHSId

-sassaBoid looloid ap su pozXruu pug poloopoo oci ipm um) we/kola' pug
suodol jeuogIppy -v Asui jo s5u!pug atp sozpuLuttins Xpopq uoissnosip 2tumopoj aqL -mut) oidoi aidlunw
pug 'Xiguenb pup Xinunb Jorern 'mum uwansu! `saiJonsg our pozpoi3oluo oq uuo uwp ?itigs!xa

-uodai iuug on' aouuquo XpeaJ2Iiim imp suodol wwooguo3 uo uoguttuojuiluanuad u'utuiqo
pal uouo pug swownoop iuu/koloi jo /Cluoluin otp poonpaid sums owls pug 'X'unoo `Xlio	loaD _wog
opul no uopeullowi ieuo!pppu jo soamos [Up11010d .1(4 poutmos 013M SIJOdal snalatunu jo suogoos aouoiajoi

"cog opui 110 UOIMULUOJUI 2u1Is!xo u!uwoo Xetti lap SJOAIOS snolatunu llamas of pasn SUM10(1101CII
au, -loam _wag alibi uo uopuuuoju! ',3upsixo Jo OJTM oJOM ./COLD ji palsu pug poiouwoo alom jims ow's pup
`/Clunoo -poloopoo alom soamosat luouplod IIu amsuo of posn amm wamuluiqo ulep jo sopa."' JoIew aann

-uodoi rug alp aouuqua puu 'uoguo!idnp klussaoauun olutpunia 'sda elup Xpluopi
posn oq firm uopaulojui sun -Jopi.uoo loam alp jo watussossu .ino w pazqgn aq tipsn Imp laaJD _wag opul
uo uopuumjui	Juu/kolol 2tumolikai pup 2uitquicio jo pasisuoo v xsi j •uatussasse lupqull lopwo3
NoaD _wag owl an' jo (v Isuj) lsul tup[ut otp pololdwoo sun (vac') -Dui `somoossy pue suung pineu

:pluzuow -JTAI seaa

INAINSSISSV	110(IIHII03 NA3213
?WM	1HI I II aasa	DNIISIX1 AO AIIVINIAIIIS

19ff-6rC-Czb :xvg-

ooC9-6TC.Czb :pi

Dog6 tio72uNsvix\ 'armanag

as anuanv qlg z-Cti, 

n086 uoi5uNsum ,owAuwoom
loans „,sLi gN ZOZ£ 1

op!ikuipoom jo /CID
pluzuow auquisoA

Tooz tudv 

*DNI`SIIVIDOSSV UNV SNVA1 CHAVU    



DAVID EVANS AND ASSOCIATES, INC.

Yoshihiro Monzaki
April 3, 2001
Page 2

Results from recent studies in Bear Creek will also be used to infer emigration timing, fecundity, and survival
ratios of chinook fry in Little Bear Creek (Seiler, 2001). The validity of inferring similar trends is based on
proximity, genetics, and stream temperature.

INSTREAM HABITAT DATA
Existing instream habitat data is available, but not fully compatible with current City of Woodinville goals.
King County accomplished the most recent instream habitat survey conducted in Little Bear Creek during
1999. The final draft report will be available by mid-April. King County surveyed most, but not all of Little
Bear Creek within the City of Woodinville. The protocol used was a hybrid of the Timber-Fish-Wildlife
(TFW) and May (1996) methodologies. Although this hybrid protocol was suitable in addressing King
County's needs, it is not comparable with on-going efforts in the upper watershed being conducted by
Snohomish County or the draft protocol for WRIA 8. The results of recent macroinvertebrate studies will
also be incorporated into the final report (Morley, 2000).

Additional outdated data is also available in Reconnaissance Report No. 17 — Little Bear Creek (King County,
1987). This report is very subjective, and does not provide references for the information contained within.
Of particular interest will be checking if potential fish blockage and erosion concerns highlighted in 1987
have been addressed.

The upper watershed in Snohomish County has not been surveyed. However, sections of Little Bear Creek in
Snohomish County will be surveyed by Snohomish County (Purser, personal communication, 2001). This
data will hopefully be available for incorporation into the City of Woodinville Little Bear Creek Habitat
Corridor study.

WATER QUALITY AND QUANTITY DATA
Water quality and quantity data is available for Little Bear Creek. King County has collected water quality
and quantity data in Woodinville for several years (King County, 1994). This data will be consolidated and
analyzed in the final report. Water quality data for the upper watershed within Snohomish County is also
available and will be consolidated and analyzed in the final report (Snohomish County, 2000). Both counties
have provided recent unpublished water quality data to DEA for inclusion into the final report. DEA still
proposes to monitor temperature at the upstream and downstream city boundary to determine if temperature is
a limiting factor and if temperature increases within the lower section of Little Bear Creek. This data will
allow city planners and policy makers to determine if current land use activities and riparian coverage within
the City of Woodinville are influencing stream temperature.

WILDLIFE DATA
Limited recent site-specific wildlife data is available for lands within the City of Woodinville. Four primary
sources of existing literature to be utilized include the Priority Habitat and Species data (WDFW, 2001),
Washington State Gap Analysis (Cassidy et al., 1997), Birding in Seattle and King County (Hunn, 1982), and
King County Wetland-Breeding Amphibian Monitoring Program (Richter et. al., 1999). Additional data has

Outstanding Professionals . . . Outstanding Quality
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Level II - Intermediate

In addition to a Level I stream habitat survey, an Intermediate
Survey must be performed to list all fish species known to use
the stream. Habitat requirements and season of use must be docu-
mented. Use of the "two-pass removal electrofishing method" is
recommended for a distance of 300 feet of each stream, or 10% of
the stream length on the site (whichever is greater). Three sites
per stream may be required. Record standard lengths for all sal-
monids or provide a sub-sample if certain species are par-
ticularly numerous. Presence and relative abundance of non-
salmonids should be recorded.

In streams with spawning habitat: depending on species presence,
survey every two weeks during spawning for chinook, coho,
sockeye, steelhead, or other anadromous species. Survey once per
month for resident species. Document numbers of redds, live fish,
and carcasses.

Spawning or juvenile salmonid survey requirements may be modified
or waived if determined unnecessary by SWM and/or BALD.
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Office Preparation

Unless the particular study design requires otherwise, stream survey reaches should
always be defined before setting out into the field. Property access, riparian continuity,
and the streams' geomorphic context are all more manageable if approached beforehand
using a combination of maps, databases, aerial photographs, and geographic information
systems (GIS). The segment identification procedures outlined in the TFW Ambient
Monitoring Methods manual (Schuett-Hames et al. 1994) are useful for delineating
stream reaches for field investigation. Most streams in the county have already been
typed (according to the TFW method) by gradient, confinement, and general habitat type.
This typing is available in the database compiled by the Salmon and Steethead Habitat
Inventory and Assessment Program (SSHIAP) and can be accessed from the MAA data
server (ftlrnt4\data\gis\shapes\SSH_NS4.shp). The SSHIAP maps, while not perfect, are
consistent with both the TFW protocol and those used by state, tribal, and industry
biologists conducting watershed analysis according to Washington State Department of
Natural Resources methods (WFPB 1997). The SSHIAP points are revised frequently, so
check the shapefile for updates before beginning a survey. The Washington Department
of Wildlife has compiled a catalog of stream features (Williams et al. 1975) that, while
outdated in many suburban districts, is still of immense value in determining fish access,
species distribution, and habitat suitability. The Washington Department of Fish and
Wildlife database of spawner survey observations can often supplement the stream
catalog in terms of fish abundance. The SSHIAP and spawner databases are currently
available on the MAA data directory (\\WLRNT4\data\.. . ).

The entire length of a stream does not have to be sampled in the field. Property access
problems often prevent extensive surveys, but even in the case of perfect access many
researchers sub-sample streams to increase their efficiency. Montgomery et al. (1995)
surveyed reaches from 8 to 24 bankfull channel widths, and their repeated surveys
differed by no more than one pool per reach. McHenry et al. (1998) surveyed LWD over
100 meter stream reaches on the Olympic Peninsula and were able to calibrate results
with surveys of the same reaches done in 1982 (Grette 1985). Hankin and Reeves (1988)
measured one out of every 10 habitat units and visually estimated the dimensions of the
other nine, achieving an r2 of 0.93 between the measured and the estimated habitat areas.
May et al. (1997) sampled a minimum of 25 percent of over 100 reaches in 22 Puget
Sound Lowland streams, but results on the adequacy of the sample size have yet to be
determined. The DNR standard methods for watershed analysis (WFPB 1997) suggest
field measurements encompass 15-25 percent of the stream segments in each basin.

Field Methods

Establishing the reach location

Habitat unit surveys will begin at the downstream end of the reach and proceed upstream,
even though labeling of the left-bank and right-bank features should be done as if the
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Bisson et al. (1982) was one of the first papers to associate fish preferences with specific
habitat types, and most current survey protocols are based on this work. The Bisson et al.
(1982) paper divided riffles into three habitat types – low gradient riffles, rapids, and
cascades—and pools into six habitat types – secondary channel pools, backwater pools,
trench pools, plunge pools, lateral scour pools, and dammed pools. They classified glides
as intermediate between pools and riffles.

Hawkins et al. (1993) used a hierarchical approach to break two categories (fast water
and slow water) into 18 different habitat types typically found in wadable streams.
Definition of these 18 habitat types (7 riffle/cascades, 6 scour pools, and 5 dam pools)
was left to literature that is not widely available (Helm et al. 1985). Nevertheless, the
Hawkins paper clearly demonstrates the utility and practicality of nesting multiple habitat
types into two or three summary units, such as pools and riffles. The authors in Hawkins
et al. (1993) equated fast and slow water with riffles and pools, respectively, using the
terms interchangeably. The 18 habitat types in Hawkins et al. (1993) are a subset of the
24 habitat units defined in what is commonly referred to as the "FHR" methodology
(McCain et al 1997) and an expansion of the 14 habitat types in Bisson et al. (1982).

Hankin and Reeves (1988) developed a sophisticated and statistically defensible habitat
and fish abundance estimation technique on four habitat types – pools, riffles, glides, and
side channels—based on the habitat classification in Bisson et al. (1982). They
emphasized, however, that accurate estimation of habitat areas was contingent on a single
experienced observer making all of the visual estimates. Reeves et al. (1989) used data
collected using the Rankin and Reeves (1988) method to develop a limiting factors model
for coho in the western Cascades. That model enjoys a wide acceptance among fisheries
biologists and is often cited as the most reliable method of assessing limiting factors to
salmonids.

Beechie et al. (1994) shortened the procedures in the Reeves limiting factors model –
while expanding the habitat types to pools, riffles, ponds, lakes, mainstem, and side
channel sloughs—and estimated the factors limiting coho in the Skagit watershed. The
Beechie model was voted the best paper to appear in the North American Journal of
Fisheries Management for the year it was published.

The Northwest Indian Fisheries Commission developed stream survey methods to be
used by all cooperators in the Timber-Fish-Wildlife (TFW) Ambient Monitoring
program. These methods were consistent with the watershed analysis procedures for use
by the state departments of Natural Resources (WADNR) and Fish and Wildlife
(WDFW). The original TFW stream survey methods included pools, riffles, cascades,
and pool tailouts, but emphasized that tailouts (the way they were defined in that
document) usually only occur in large, low-gradient rivers (Schuett-Hames et al. 1994).
An updated TFW habitat unit survey protocol reduces the fluvial habitat units to only .
pools and riffles (Pleus et al. 1999). Reasons for the abbreviated habitat list include 1)
problems with habitat unit identification, 2) inconsistent habitat boundary identification,
and 3) fluctuation in habitat types at various stream discharges (Pleus 1995). The TFW
Ambient Monitoring manual (Schuett-Hames et al. 1994) and the succeeding manuals
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1995) will be classified in King County surveys as lateral scour pools. McCain et al.
(1990) specify that lateral scour pools are confined to less than 60 percent of the channel
width, and should be sub-divided into those formed by logs, boulders, root wads, and
bedrock. Habitats otherwise classified as lateral scour pools, trench pools, mid-channel
pools, and convergence pools will be stored in the database as scour pools.

Dammed pools occur upstream of a complete or nearly complete channel obstruction.
Typical obstructions include debris jams, landslides, and beaver dams. Water velocity is
typically low and substrate sizes tend toward small gravels and sand.

Glides are wide, shallow "pools" flowing smoothly and gently, with low to moderate
velocities and little or no surface turbulence. Substrates usually consist of cobble, gravel,
and sand. The TFW protocols specify "tailouts" where many biologists would identify a
glide (Schuett-Hames et al. 1994). Habitats formerly or otherwise classified as runs will
be stored in the database as glides.

The following habitat types are usually not described in habitat survey protocols designed
for forested watersheds. However these habitats are common in King County and will be
included as available habitat types in the King County database.

Ditches are man-made channels (glides) created to carry runoff from fields and
roadways. Some ditches may have once been small streams but have since been
straightened, cleaned, or otherwise modified and are now artificially maintained. Ditches
are typically straight, and are similar to glides in that they often have low velocities but
do not have pool-like channel dimensions. They are typically found in agricultural zones
and along road and railroads rights of way.

Debris complex habitat units are low-gradient stream segments with an overabundance
of LWD, swirling flow, and indistinct pool or riffle morphology. The dominant feature is
a conglomeration of woody debris. Flow is typically chaotic, with varying proportions of
fast and slow water (% slow water should be noted). Number of LWD pieces should be
counted and, depending on the purpose of the survey, measured.

Culverts are not favorable habitat for fish, but are encountered in many King County
surveys and can not be ignored. Culvert survey protocols, which address passage
problems, are considered separately from stream survey protocols. However, quantifying
culvert length (and number) as a proportion of stream length may be an important factor
in assessing habitat characteristics. Including pipes and culverts explicitly will avoid
having to interrupt and re-start otherwise continuous habitat surveys.

Braids are a type of riffle that occur where the sediment load is exceeding the transport
capacity of the stream under the current hydrologic regime (Leopold and Wolman 1957,
Kellerhals et al. 1976). Braids result from an over abundance of sediment, which often
originates from forest roads, washouts, or landsliding, and thus indicate a stream that has
been impacted by watershed activities such as timber harvest. Either an increase in
discharge or a decrease in sediment supply can return a braided channel to a single-thread
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The downstream and upstream end of each habitat unit will be noted in the STA columns
of the survey form. In most cases the STA U/S of one habitat unit will be the same as the
STA D/S of the next habitat unit. The habitat form will be clearer if both columns are
filled in for each habitat unit (it doesn't take much time and avoids confusion). Habitat
sub-unit categories (for example, those listed in Hawkins et al. 1993 or Bisson 1982) can
be applied to each habitat in the HabType column of the survey form. This two-column
method ensures a consistent accounting of pool-riffle ratios while allowing flexibility in
deciding which habitat variables are most important for the survey and it's intended
purpose. It also allows the concurrent delineation of side channels without interrupting
the mainstem habitat survey. Each habitat unit should extend at least half way across the
channel width to qualify as a new habitat unit (WFPB 1997, USDA Forest Service 1998).
In cases where a pool occurs in part of a riffle but does not qualify as a new habitat unit,
the column %POOL should be used to note the percentage of that riffle that is actually
pool habitat (USDA Forest Service 1998). Using the %POOL column in combination
with the HabID column allows an accurate and consistent tally of both pool-riffle ratios
and the amount of pool habitat in a given reach. The %POOL column is also useful for
eliminating observer doubt in steeper cascade reaches where pocket pools comprise a
substantial amount of otherwise turbulent habitat.

Stream Width

Habitat width should be measured at least three times on longer habitats and noted in
each of the width columns (W1, W2, W3), with an average width computed back in the
office. Units of measurement on the field form will be in meters unless otherwise noted.
For shorter or simpler habitats a single width measurement is sufficient. See Schuett-
Hames et al. (1994) for useful diagrams of where to limit the width measurement on
partially-inundated boulders and large cobbles.

Bankfull width should be measured only on habitat units where an accurate assessment of
the bankfull flow is possible (Williams 1978, Dunne and Leopold 1978). Typically this
occurs on long, straight riffles with a clearly-definable floodplain, distinct terraces, abrupt
streambanks at the ordinary high water mark, or ample cobble bars topped with flattened
areas of pea gravel or fine sediments (Leopold and Wolman 1957). A detailed discussion
of various bankfull indicators can be found in Harrelson et al. (1994). A bankfull
elevation that is consistent over several channel widths requires that the water surface
slope be essentially the same as the floodplain slope (Leopold and Maddock 1953,
Emmett 1975). The water surface slope at a pool is essentially zero. Bankfull depth is
often irrelevant (or misleading) at pools and, according to some survey protocols,
bankfull width should not be measured there (USDA Forest Service 1998).

Riffle and Pool Depth

Depth is measured differently in pools and riffles. Pools require two depth measurements,
one at the deepest and one at the shallowest points. The pool maximum depth is self-
explanatory. The pool crest measurement (or tailout depth) is taken at the deepest point
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diameters vary according to stream width, as in Table	 (Schuett-Hames et al. 1999,
WFPB 1997).

Table . Minimum size to qualify LWD as a key piece.
Bankfull Width Diameter Length

meters feet meters feet meters feet
0 — 5 0-15 0.40 1.3 8 26
6-10 15 — 30 0.55 1.8 10 33
11 — 15 30 — 45 0.65 2.1 18 60

— 20 45 — 60 0.70 2.3 24 79

Depending on the use of the survey some observers may need to measure each piece of
LWD while for others a quick tally of LWD in different size classes may be sufficient.
King County surveys will follow either a Level I or Level II assessment protocol
depending on the needs of the party conducting the survey and the time and effort
available for LWD counts.

For King County Level I surveys the size of LWD will be lumped into three size classes.
Only LWD lying wholly or partially within the area inundated by bankfull flow (zone 2,
Robison and Beschta 1990) will be counted. All LWD pieces on the division between
two habitat units should be tallied on the same line as the habitat unit most affected, or by
default with the downstream unit (since this unit will most likely be affected by any flow
directed over or around the LWD). Minimum length of LWD will be two meters (6 feet).
Root wads can be of any size that has an effect on stream morphology or habitat, but
should generally not be less than about 25 centimetes in (bole) diameter. Units of
measurement on the field form will be meters and centimeters unless otherwise noted.
The LWD pieces for a Level I survey will be grouped into the three diameter classes in
Table 1. These diameter classes coincide with those used in the King County and
WADNR riparian analyses, but unfortunately do not coincide with either TFW or Mount
Baker Snoqualmie National Forest protocols for LWD surveys (Schuett-Hames et al..
1999, USDA Forest Service 1998, WFPB 1997).

Tablel. LWD diameter classes.
Diameter Class Diameter (inches) Diameter (cm)
Small 4-12 10-30
Medium 12-20 30-50
Large 20+ Greater than 50

Each row on the habitat unit survey form will have four columns for tallying LWD. Hash
marks ( ) will be entered for LWD pieces in each diameter class, with root wads in the
fourth column. In many instances it may be useful to note the measured diameter of pool
forming LWD pieces, particularly when those pieces are the smallest pieces forming
pools in that reach (minimum pool-forming diameter for the reach). Minimum pool-
forming diameter measurements can be entered in the column MIN in the LWD section
(back) of the field form.
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Table 2. Riparian vegetation types for King County stream surveys
Type Code Description
Conifer dominated C Forested, more than 70% of trees are conifer
Hardwood dominated H Forested, more than 70% of the trees are hardwood
Mixed M Forested, no dominance greater than 70%
Shrub S Dominated by woody stemmed vegetation that does

not reach > 40' at maturity, e.g., willows (salix),
dogwood (cornus), and salmonberry (rubus).

Grass or Cleared G Pasture, row crops, maintained right-of-ways,
orchards, parkland, landscaped areas, vacant fields,
marshes and wetlands not in open water.

Urban U Greater than 70% of RCU is paved or built-up.
Includes roads, levees, railroads, and bridges.

Table 3. Size classifications for riparian trees.
Type Code Description

Small S Dominant trees in the RCU: 3" < DBH < 12"
Medium M Dominant trees in the RCU: 12" < DBH < 20"
Large L Dominant trees in the RCU: 20" < DBH
Not applicable X Value applied to the shrub, grass and urban classes

Table 4. Density classes for riparian trees.
Type Code Description
Dense D More than 1/3 of the RCU is covered by trees
Sparse S Less than 1/3 of the RCU is covered by trees
Not applicable X Value applied to the shrub, grass, and urban classes

Some studies may require a finer-scale approach to riparian condition than that available
in the WADNR method, and some stream inventories may choose not to look at riparian
composition at all. In the cases where riparian zone data are collected it will be most
useful if the RCUs in Tables 2-4 are used to fill in the blanks for LBrip and RBrip on the
habitat unit survey form.

The three categories in tables 2-4 are combined and listed in the appropriate columns on
the field form. For example a riparian zone on the left bank with a typical stand of 20-
year-old alder would get HMD (for hardwood, medium, dense) in the LBrip column. If
the right bank was a mature, mixed-deciduous forest with at least 30% conifer understory
beginning to accede to the canopy it would probably get MLD (for mixed large dense) in
the RBrip column. Observers should interpret the riparian canopy as it would appear from
an aerial photograph. Before going out in the field at least one observer should practice
delineating riparian condition units using aerial photographs and a stereoscope. Before
making riparian calls in the field each observer should also practice visually estimating
the diameter classes of trees (at breast height, or 4.5 feet from the ground) and checking
the visual estimates with a diameter tape. Refer to the watershed analysis methodology
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Instead of visual estimates, many state, tribal, and Federal fisheries agencies in the
Northwest use pebble counts to classify substrate (Wolman 1954, Booth et al. 1991,
Ralph et al. 1991, Harrelson et al. 1994, WFPB 1997, USDA Forest Service 1998).
Pebble counting consists of measuring the intermediate axis of 100 stones chosen from
the river bed along a transect or from a grid (Wolman 1954). From the pebble sample a
cumulative frequency distribution is plotted from which grain sizes may be read. The
median diameter (D50) and the diameter of the 84 th percentile (D84) are values used by
many fluvial geomorphologists to characterize bedload transport in gravel bedded
streams (Booth 1991, Kondolf and Li 1992).

Field techniques for the pebble count usually require an observer and a note taker. The
reach in question may include both pools and riffles, pools only (usually tailouts, for
spawning gravel surveys), or riffles only, depending on the needs of the survey. The
reach location and character should be noted on the pebble count field form (Form 2).
The observer paces across the bankfull channel width on a transect perpendicular to the
flow. For multiple-habitat-unit pebble counts multiple transects are chosen, but typically
the count is taken in a single "representative" riffle (USDA Forest Service 1998, Ralph et
al. 1991). At each step the observer chooses a stone from under the tip of his or her boot.
The tendency is to choose larger rocks, so the "first blind touch" technique is employed
to minimize bias (Rosgen 1996). Observers should avoid looking down when choosing
stones and try to select the first stone touched by the tip of a finger (Wolman 1954,
USDA Forest Service 1998). Large boulders can be measured with a stadia rod. Each
stone is measured on the intermediate axis, in millimeters, using a pocket ruler. The
longest axis is the length, the shortest axis is the thickness, and the intermediate axis is
the width. The intermediate axis determines whether or not a pebble would pass through
a soil sieve. See Harrelson et al. (1994) for a good discussion of pebble count techniques
that includes a useful diagram of the intermediate axis.

Each pebble is tallied according to a modified Wentworth scale (Form 2). The observer
tells the note taker the measurement of each pebble, who tallies them in the appropriate
category. If no note taker is available a voice activated pocket tape recorder is useful for
recording the measurement (as long as the background noise of the stream isn't too loud).
The recording can be played back as the 100 stones tallied on the field form. The note
taker and observer can swap duties halfway through (or more often) to alleviate chilled
hands. Cumulative frequencies can be totaled and plotted in the field, or saved for data
entry in the office. The resulting frequency distribution represents the proportion of each
gravel size class as it is found on the stream bed.

Data QA/QC

The most convenient, flexible, and widely-used data entry techniques usually involve
spreadsheets. However, the flexibility afforded by spreadsheets often results in stream
data that is inconsistent between streams, or even between habitat units in the same
reaches of the same stream. To avoid inconsistency and streamline data interpretation,
King County employees will enter habitat survey data into a database constructed for that
purpose. The data entry screens will be arranged to mimic the field forms, and stream



- -uonmndluuw lunplAlpu! pun uiXdoo ioj oiquIlrive aq 'pm samoduqs
pun soiqui Juana aul culup aul trim sv -spoCold ma!Aary oicussopor-Aloau ui polsod puu

siolansIuluipu asuquIep oty do Jas aq 'um soqoual poiCoAms oty u!1.31dop somoduqs
pug salqm Juana ma!Aosy -sioluils!unupu osuqurp oty gum luatuatmuu Xci JO tl.Ep all
JO soldoo paproiumop uo in000 ylm '2unidal2 puu sosigutre lunpluIpul oupods trup

fauns amp uoymndIuuul Joqpn4 •sIsuct iquo-peal e uo paisod oq illm jlosli osuqulup
-slutzuoj podoi piepums popodxo pug pomnoreo oq 'um mtp /Catkins jo soTqui

klututuns -ss000u puoidsomm Joj polsod oq jJTM ulup all puu `iolansIuluipu osuqulup
opera oq Lynn •op `/CouolsIsuoo `2!nnuulloj iopuimp ioj) XlIfunb um) jo Noaqo piny

atld -supoj Alluo osuquiep alp jo soxoq oyupdoidde otp ui sop pug slum!!! Jaw° pinoqs
uosiod DONO aql pur uosiod knuo mup oty tpog -popouoo OJOM mup oty uoqm luosaid
sum oqm uosiod ouo isuoi papoqo aq molls /Coq poniva aie mup oqi Jouv

-ootteinssu Xliqunb jo luouodwoo Tuupodun uu s! Aiwa mup ,Ciotti!" -osuqui.up
aul u! poniosoi JO poioluo s! mup moll u! aouoiojj!p u °Nuru uouo uuo pug uanoaloj

Xplolnb an3 suoyriauuoo lunquti xoldwoo jo slapa ./Cup oquo puo oq le Xiquiojald
`/CoAins qouoi aul nue alq!ssod su uoos se °swim-up oty out poialuo oq pinaqs muu

-mvp Aionionul ureans jo saiqm SID loruisuoo
of posn aq [um osuqulup ay tuou indwo -Xlluonumoinu polnduloo aq mm (-op `slunoo

ci,w1 `21nouds pod 'opal °Lull/pod `typ!m unpiuuq a2uionu) siolouresed Asuununs



References

Beechie, T., E. Beamer, and L.Wasserman. 1994. Estimating coho salmon rearing habitat and smolt
production losses in a large river basin, and implications for habitat restoration. North American
Journal of Fisheries Management 14:797-811.

Beechie, T.J., and T.H. Sibley. 1997. Relationships between channel characteristics, woody debris, and fish
habitat in northwestern Washington streams. Transactions of the American Fisheries Society 126:
217-229.

Bilby, R.E., and J.W. Ward. 1991. Characteristics and function of large woody debris in streams draining
old-growth, clear-cut, and second-growth forests in southwestern Washington. Canadian Journal
of Fisheries and Aquatic Sciences 48: 2499-2508.

Bisson, P.A., J.L. Nielsen, R.A. Palmason, and L.E. Grove. 1982. A system of naming habitat types in
small streams, with examples of habitat utilization by salmonids during low str'eamflow. In N.B.
Armantrout [ed.] Acquisition and Utilization of Aquatic Habitat Inventory Information:
Proceedings of the Symposium. [Portland, OR, October 1981].

Booth, D.B., K. Bell, and K.X. Whipple. 1991. Sediment transport along the South Fork and mainstem of
the Snoqualmie River. King County Surface Water Management. Seattle, Washington.

Dunne, T. and L.B. Leopold. 1978. Water in environmental planning. W.H. Freeman and Co. New York.

Emmett, W.W. 1975. The channels and waters of the upper Salmon River area, Idaho_ U.S. Geological
Survey Professional Paper 870-A. Washington, D.C.

Frissel, C.A., W. J. Liss, C.E. Warren, M.D. Hurley. 1986. A hierarchical framework for stream habitat
classification: viewing streams in a watershed context. Environmental Management 10(2): 199-
214 .

Grette, G.B. 1985. The role of large organic debris in juvenile salmonid rearing habitat in small streams.
Masters thesis, University of Washington.

Hankin, D.G., and G.H. Reeves. 1988. Estimating total fish abundance and total habitat area in small
streams based on visual estimation methods. Can. J. Fish. Aquat. Sci. 45: 834-844.

Harrelson, C.C., C.L. Rawlins, and J.P. Potyondy. 1994. Stream channel reference sites: an illustrated guide
to field technique. Gen. Tech.Rep. RM-245. Fort Collins, CO: U.S. Dept. of Agriculture, Forest
Service, Rocky Mountain Forest and Range Experiment Station. 61 p.

Hawkins, C.P., J.L. Kershner, P.A. Bisson, M.D. Bryant, L.M. Decker, S.V. Gregory, D.A. McCullough,
C.K. Overton, G.H. Reeves, R.J. Steedman, and M.K. Young. 1993. A hierarchical approach to
classifying stream habitat features. Fisheries 18: 3-6.

Helm, W.T., P. Brouha, M. Aceituno, C. Armour, P. Bisson, J. Hall, G. Holton, and M. Shaw. 1985.
Glossary of stream habitat terms. Habitat Inventory Committee, American Fisheries Society,
Western Division.

Isaak, D.J., W.A. Hubert, and K.L. Krueger. 1999. Accuracy and precision of stream reach water surface
slopes estimated in the field and from maps. North American Journal of Fisheries Management
19:141-148.



-HT-AID-1m liodod juottnponwouoo ootioosIsalod vusn -suowpuop
ouotq pue tretludu	2twuni1no Joj spoLIPIAI '£861 'lluilsuI1A1-PA'9 Puu `Intlu2Q1A1 'J./A "S'AN `s1.1u1d

-9z iodud 16311111001, MI 1100311 misuIV `°31n-mS Isolod vasn -u1sEiv Isuotptios
isoiod FuoiluN ssu2uo1, otp Joj aptn2 siosn ad/C1 Iomm-P V .Z66I -sioquteoo uoalinn pue -f-s `uuusned

9661 `5I JOCITJUOIdOS uoueJlstuilupd 0[1310SOULLIV
puu ottru000 Tatou-ex -Jsuop °word alp uo sanuuutut uouwolsol uouqus on!suatialdwoo

_10.1 a3uEpinB 2Up1.10M :UOIIVA13S1103 UOULIFS F4SEO3 '9661 •oatmos sapaqs!‘d aut_ruN puolluI\I) SdJAIN

-68L-£8L :07 samaps opunbv puu sopotisLd
jo jutunof uutpeuuD -sumaus jetsuoo uo2azo ut (zonspi smpudzidoduo) uourps moo olluanni

icq osn reuquti uI soarutp puosuas •Z66I -Izzups -dew puu `uosutior `sio2pou -Crf 41.10SIQVIN

Z9L-C L :(I 1)8£ °°ImPS°1a
Januaq Aq sunaus uUOTIQUIV tutoN jo uopunTIV '8861 lajpx	puu `uoisulpf -v-D "f '11 tuutulet\I

'CO I-L60 I :(17)I E 11p.IU3S0 soamosou Jolum -slatmutp
lsatoj ui 2w3uds pod •5.66 I •ssod '9 puu VunloS	`1111SQ 21 `uol2tujjna -w-f	‘iciotualuow

•vm uldtuicto
4X2opog JO worm tudou 11012trI11sEAA	Poth11 'uoutpuoo puuuqo jo wolusSOSSE
puu `asuodsoi ptruutp jo uouotpoid cuouuoulssup 13T-muq3 •E661 '11012uItInEf j f Puu "WU 41C-lau921,1191A1

'L0171-56E1 :ss SOOWIDS ogenby puu sopatistd jo 'rumor uutpeuup

-(E661-Z861) •VS1-1 `uolaTIsuM tinsuutod oulutiCio aq1 jo suleaus um stiqop Apoom gate' jo
soustiolowutp pue /Clutrunb alp trt so2uuqD .8661 '311aIDg 0 puu Teluop H 2l `14011S "TIAI `X-m3H01A1

-uot2au1somtpno5 otjtoud ‘aotnias Isarod yusii -mtuojueD uoquoN IoJ samp000id

puu uouuoutssup WINN inuolls '0661 '110113^0 ')1NE `n3103a•1	'Q 'IAI 'uluDDIN

-17 cl oNloidou pounpaj, souas soomosow
Joirm -nopog jo wonutudoci uw2tutisum Joj patudaid podaN -sutuaus puuimoi Ja2nd uI sloollo

uopuzlutyn Joj sootput kulunO -L661 %MAI 'M'g Puu 'BEN '11'f `-murioH •11-11 `11013M 'H'I "AVD `XuIAI

£8£- I LE :(z)gz [waling sooinosa Jolum -stuuous poq-pAEJ2
LT! *WM luatuipas Jo xoput ue :stood Iii lUQUITOS 3111j.10 minion Ota -z661	-s puu -g- `olsyd

-tfrt7-8Z17 :(E)6E X291001
-spotllow 2uudwus IS3.10j JO S3[0113plip mold	puu "If tIONEEE 'fff "V.)" `ÃOSIMIrl

u(ouitisum ‘30w0 Buuuud 11.13UL11110A09 -s-
fl	Jaded ruolssajoid iCoAms poOoloop

-1q21urus puu 2upopuuow Toptmq :swouud ptruuqo Jantd -Lc61 -uutupm	pue `-11•1 `plodool

-zcz Jaded iuuwssojoid ICA-FaS Ie3li2olo0p -s	-suopuollduu
onidui2otsXqd owos pue spit-Limp wuaus jo kuowoo2 3Iinarpi(14 aqi Tc61 -looppuw1. puu	`plodoad

'L8-08 :(Z)£ SIOAR1 'saynis mot; tuuousut
•tu azts retioltut poq ODejins 2tufgpuenb Joj onlottrqoal lunoo aiqqad otu, -z661	-s pue "1N-9 IllopuoN

d 6Z9 :901 -Ps -junby -tisJd -iqnd -pods -11E3 •(S?1Y-1)
tunisodwiCs Iani2l aBJE l FUOIV1110111I oquo sOlupaaowd (pa) •d-ci `o you u!	sa2ud

`siletpoilam -wowo2utruut puu 11011EZII3MIE113 :MALI 32.1E1 JO r(20100.10U1 314.1, •6861 Namto	pue



Pleus A.E. 1995. Variability associated with salmon habitat identification and water surface area
measurements. Masters thesis. Evergreen State College, Olympia, Washington.

Pleus, A.E., D. Schuett-Hames, and L. Bullchild. 1999. TFW Monitoring Program method manual for the
habitat unit survey. Prepared for the Washington State Dept. of Natural Resources under the
Timber, Fish, and Wildlife Agreement. TFW-AM9-99-003. DNR #105.

Pollock, M.M., R.J. Naiman, H.E. Erickson, C.A. Johnston, J. Pastor, and G. Pinay. 1994. Beavers as
engineers: influences on biotic and abiotic characteristics of drainage basins. pp. 117-126 in
Linking Species to Ecosystems. C.G. Jones and J.H. Lawton eds. Chapman & Hall, New York.

R2 Resource Consultants. 2000. Tri-county urban issues ESA study. Prepared for the Tri-County Urban
Issues Advisory Committee by R2 Resource Consultants in association with CH2MHil1 and
Shapiro & Associates. Seattle, WA.

Ralph, S.C., T. Cardoso, G.C. Poole, L. L. Conquest, and R.J. Naiman. 1991. Ambient monitoring project
biennial progress report; 1989-91 biennial period. Center for Streamside Studies, University of
Washington, Seattle.

Reeves, G.H., F.H. Everest, and T.E. Nickelson. 1989. Identification of physical habitats limiting the
production of coho salmon in western Oregon and Washington. USDA Forest Service General
Technical Report PNW-GTR-245. 18p.

Richards, K. 1982. Rivers, form and process in alluvial channels. Methuen & Co. Ltd. London. 361pp.

Robison, G.E., and R.L. Beschta. 1990. Characteristics of coarse woody debris for several coastal streams
of Southeast Alaska, USA. Canadian Journal of Fisheries and Aquatic Sciences 47: 1684-1693.

Roper, B.B. and D.L. Scarnecchia. 1995. Observer variability in classifying habitat types in stream surveys.
North American Journal of Fisheries Management 15: 49-53.

Rosgen, D.L. 1994. A classification of natural rivers. Catena 22: 169-199.

Rosgen, D.L. 1996. Applied river morphology. Wildland Hydrology, Pagosa Springs, CO.

Scholtz, J. G., and D. B. Booth. 2000. Monitoring urban streams: strategies and protocols for humid-region
lowland systems. Prepared for King Count WLRD. University of Washington Center for Urban
Water Resources Management and University of Washington Center for Streamside Studies,
Seattle.

Schuett-Hames, D. A. Pleus, L. Bullchild, and S. Hall. 1994. Timber-Fish-Wildlife Ambient Monitoring
Program Manual. TFW-AM9-94-001 Northwest Indian Fisheries Commission. Olympia WA.

Schuett-Hames, D., A.E. Pleus, J. Ward, M. Fox, and J. Light. 1999. TFW Monitoring Program method
manual for the large woody debris survey. Prepared for the Washington State Dept of Natural
Resources under the Timber, Fish, and Wildlife Agreement. TFW-AM9-004. DNR #106.

USDA Forest Service. 1998. Stream inventory handbook, version 9.8. Region VI, USDA Forest Service,
Portland, Oregon.

Wang, L. T.D. Simonson, and J. Lyons. 1996. Accuracy and precision of selected stream habitat estimates.
North American Journal of Fisheries Management 16:340-347



9c6-1 co	uolua luo!s1Ctido39
ueopoluv alp Jo suonousuuu	paq-loop 3siroo	jo potpau v -tc6i	`uutulom

'ElcilnA10 •saliaufs!A joluaupalaa uo0unisum tuo!2311 punos la2nd '1 loA -uogez!pin
uouries puu sumaus uo0unis1m Jo	V •CL61 'sapid 

-rf pug 3tiu1lui •y\FN 4-m21 csultllpm

tci -I tit :(9)17I tpiu3s3N saamosau nIum -sianu Jo 32iutps!p pru-)fueg •8L61 •c1.9 `samIll!M

-uolaugsum cutcluiXio csoomosau
Jo luougluclasa uol2unisuM .L661 iacituanot\i '017 uolmA -3VM ZZ-ZZZ 1314:lap iapun s!siquuy

pagsnium 2uponpuo3 loj Bolopotp3TAT piupuaS 'L66I .(gdjm) piuog s339ould lsaloA uo0unisum

YM uldwX10 '9661 'ci lsn2nv 
-(A3god pluomius

PI!M) via ma!noN imam Tuunlui .faanooau put: uopoolom Fnuouries Jo3 Aoliod lupciull
puu qs!3 s,31as uo0u►isum :ppm kulluaD 1s1 Z '9661 -amppm puu lis!A Jo 1u31,utmclaa uol2unisum



_*2

4°
7-,c>

10

IL, 	 3t 	 tPi	 118

-Bet- a cl_E SIZE- (ovs -4.-t)

14-14 	 10411. 	 4474.

Wolman Pebble Count field data form

Date: Observer: 
Stream: Recorder: 
Habitat Unit: Reach Description:         

Particle category millimeters count total# particle% cumulative%
<= sand fines <2
very fine gravels 2-4
fine gravels 4-6
fine gravels 6-8
medium gravels 8-12
medium gravels 12-16
coarse gravels 16-24
coarse gravels 24-32
very coarse gravels 32-48
very coarse gravels 48-64
small cobbles 64-96
small cobbles 96-128
large cobbles 128-192
large cobbles 192-256
small boulders 256-384
small boulders 384-512
medium boulders 512-1024
large boulders 1024-2048
very large boulders 2048-4096
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LittleBear

Stock COMMENTS RepAGY CWTmarkID NonCWTmar FishPerPour Pounds MARKS %CVVT TagLoss% RelYear RiverMile Pond AGE
ISSAQUAH CR 08.0178 WDFW 0000 38 400 0 1952 2
ISSAQUAH CR 08.0178 WDFW 0000 70 360 0 1953 2
ISSAQUAH CR 08.0178 WDFW 0000 1145 30.9475983 0 1953 1

ISSAQUAH CR 08.0178 WDFW 0000 47 115 0 1954 2

BIG SOOS CR 09.0072 WDFW 0000 48 217 0 1955 2

ISSAQUAH CR 08.0178 WDFW 0000 54 169 0 1956 2

SAMISH (FRIDAY CR) WDFW 0000 64 180 0 1957 2

ISSAQUAH CR 08.0178 WDFW 0000 57 350 0 1958 2
ISSAQUAH CR 08.0178 WDFW 0000 60 84 0 1959 2
MAY CR 	 07.0943 WDFW 0000 61 323 0 1960 2
MAY CR 	 07.0943 WDFW 0000 57 473 0 1961 2
ISSAQUAH CR 08.0178 WDFW 0000 1265 40 0 1961 1
ISSAQUAH CR 08.0178 WDFW 0000 28 175 0 1966 2
ISSAQUAH CR 08.0178 WDFW 0000 1240 130 0 1968 1
ISSAQUAH CR 08.0178 WDFW 0000 21 202 0 1970 2
ISSAQUAH CR 08.0178 WDFW 0000 1445 89.9653979 0 1982 1
ISSAQUAH CR 08.0178 WDFW 0000 1200 208.333333 0 1983 1
ISSAQUAH CR 08.0178 WDFW 0000 533 101.313321 0 1984 1
ISSAQUAH CR 08.0178 WDFW 0000 440 704.545455 0 1984 1
ISSAQUAH CR 08.0178 WDFW 0000 1250 60 0 1984 1
ISSAQUAH CR 08.0178 WDFW 0000 940 0.5 0 1984 1
ISSAQUAH CR 08.0178 WDFW 0000 480 208.333333 0 1984 1
ISSAQUAH CR 08.0178 WDFW 0000 940 0.5 0 1984 1
ISSAQUAH CR 08.0178 WDFW 0000 947 9 0 1985 1
ISSAQUAH CR 08.0178 WDFW 0000 770 101.038961 0 1986 1
ISSAQUAH CR 08.0178 WDFW 0000 996 131.024096 0 1986 1
ISSAQUAH CR 08.0178 WDFW 0000 267 5.61797753 0 1986 1
ISSAQUAH CR 08.0178 WDFW 0000 466 57.9399142 0 1987 1
ISSAQUAH CR 08.0178 WDFW 0000 440 252.954545 0 1987 1
ISSAQUAH CR 08.0178 WDFW 0000 1250 80 0 1987 1
ISSAQUAH CR 08.0178 WDFW 0000 307 182.084691 0 1987 1
ISSAQUAH CR 08.0178 WDFW 0000 830 73.0120482 0 1988 1
BIG SOOS CR 09.0072 WDFW 0000 452 298.00885 0 1988 1
ISSAQUAH CR 08.0178 WDFW 0000 798 93.9849624 0 1989
ISSAQUAH CR 08.0178 WDFW 0000 723 274.965422 0 1989 1
ISSAQUAH CR 08.0178 WDFW 0000 400 321 0 1990 1
MINTER CR 	 15.0048 WDFW 0000 1500 200 0 1991 1
ISSAQUAH CR 08.0178 WDFW 0000 1500 133.333333 0 1991 1
ISSAQUAH CR 08.0178 WDFW 0000 968 72.0041322 0 1992 1
ISSAQUAH CR 08.0178 WDFW 0000 1026 76.9005848 0 1992 1
ISSAQUAH CR 08.0178 WDFW 0000 1500 73.3333333 0 1992 1
ISSAQUAH CR 08.0178 WDFW 0000 1000 200 0 1993 1
ISSAQUAH CR 08.0178 WDFW 0000 598 171.070234 0 1993 1
ISSAQUAH CR 08.0178 (RECORD FROM HHP DB) WDFW 0000 666 174.024024 0 1994 1
ISSAQUAH CR 08.0178 WDFW 0000 557 125 1995 8 1
ISSAQUAH CR 08.0178 WDFW 0000 504 182 1996 9 1
ISSAQUAH CR 08.0178 NO SPECFIC R.M. LISTED-SCATTE WDFW 0000 482 189 1997 2 1
ISSAQUAH CR 08.0178 WDFW 0000 546 29.3 1998 1 6 1
ISSAQUAH CR 08.0178 WDFW 0000 546 85 1998 4.3 6 1
ISSAQUAH CR 08.0178 WDFW 0000 546 55 1998 6.5 6 1
LTL BEAR CR 08.0080 WDFW 5000 20 628.75 AD+CWT 100 0 1976 2
LTL BEAR CR 08.0080 WDFW 5000 30 355.333333 AD+CWT 100 0 1977 2
LTL BEAR CR 08.0080 WDFW 5000 0000 30 111.6 AD+CWT 89.9940262 0.00986 1978
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Page 2

Wria-Stream Date 	 Start End Length Spec Live Dead Total Fish/ Spec Pct. Redd Type Type Other Comment Agency

Number Yr Mo Dy Mile Mile 	 Count Count 	 Mile Code Seen Count Count Survey Spec Codes 	 Code

LITTLE BEAR Creek

080080 70/11/06 4.4 4.6 0.2 SOCK 11 3 14 70.0 	 5 0 SUPP FOOT 	 4 0

080080 70/11/17 4.4 5.4 1.0 CO8O 266 17 283 283.0 	 4 75 INDX FOOT 20 0

080080 70/12/04 4.4 4.8 0.4 COHO 140 65 205 512.5 	 4 80 SUPP FOOT 25 0

080080 70/12/08 5.2 5.4 0.2 COHO 11 4 15 75.0 	 4 99 SUPP FOOT 20 0 	 -

080080 71/11/23 4.4 5.4 1.0 FALL 0 1 1 1.0	 1 85 SUPP FOOT 	 4 20 0

080080 71/11/23 4.4 5.4 1.0 COHO 53 90 143 143.0 	 4 85 SUPP FOOT 	 1 20 0

080080 71/12/21 4_4 5.4 1.0 COHO 95 105 200 200.0	 4 85 INDX FOOT 24 0

080080 72/09/28 0.0 0.0 0.0 COHO 0 0 0 4 99 SPOT FOOT 20 65 0
080080 72/11/21 4.4 5.4 1.0 COHO 52 32 84 84.0	 4 90 INDX FOOT 	 1 20 0

080080 72/11/21 5.4 6.2 0.8 FALL 0 1 1 1.3 	 1 0 SUPP FOOT 	 4 20 0

080080 72/12/14 4.4 5.4 1.0 COHO 22 15 37 37.0 	 4 90 INDX FOOT 20 0

080080 73/10/29 0.0 0.0 0.0 COHO 2 0 2 4 80 SPOT FOOT 20 65 0

080080 73/11/19 4.4 6.2 1.8 FALL 0 1 1 0.6	 1 75 SUPP FOOT 	 2 0

080080 73/11/19 4.4 4.8 0.4 COHO 68 11 79 197.5 	 4 75 SUPP FOOT 	 1 20 0

080080 73/11/19 4.4 5.4 1.0 COHO 133 18 151 151.0 	 4 0 INDX FOOT 	 1 20 62 0

080080 73/11/19 4.8 5.4 0.6 COHO 65 7 72 120.0 	 4 75 SUPP FOOT 	 1 20 0

080080 73/12/06 4.4 4.8 0.4 COHO 18 57 75 187.5 	 4 0 SUPP FOOT 20 0

080080 73/12/06 4-4 5.4 1.0 COHO 44 68 112 112.0 	 4 INDX FOOT 20 62 0

080080 73/12/06 4.8 5.4 0.6 COHO 26 11 37 61.7	 4 SUPP FOOT 20 0

080080 74/10/24 4.4 4.7 0.3 COHO 0 0 0 4 99 INDX FOOT 20 13 0

080080 74/10/31 3.2 4.4 1.2 FALL 3 1 4 3.3	 1 0 SUPP FOOT 	 4 21 31 60 0

080080 74/10/31 3.2 4.4 1.2 COHO 25 0 25 20.8	 4 50	 20 SUPP FOOT 	 1 21 31 60 0

080080 74/10/31 4.4 6.2 1.8 FALL 0 2 2 1.1	 1 60 SUPP FOOT 	 4 21 0
080080 74/10/31 4.4 5.5 1.1 COHO 17 0 17 15.5	 4 60 INDX FOOT 	 1 21 	 61 0

080080 74/10/31 6.6 7.4 0.8 COHO 3 0 3 3.7	 4 80 SUPP FOOT 21 	 60 0

080080 74/11/14 4.4 5.5 1.1 COHO 83 9 92 83.6 	 4 60 INDX FOOT 	 3 0

080080 74/11/26 4.4 5.5 1.1 COHO 97 22 119 108.2 	 4 85 INDX FOOT 21 61 0

080080 74/12/09 4.4 5.5 1.1 COHO 36 58 94 85_5	 4 85 INDX FOOT 21 31 61 0

080080 74/12/26 4.4 5.5 1.1 COHO 9 46 55 50.0 	 4 80 INDX FOOT 24	 60 61 0

080080 75/11/03 4.4 5.5 1.1 FALL 2 0 2 1.8	 1 75 SUPP FOOT 	 45 23 34 60 0
080080 75/11/03 4.4 5.5 1.1 COHO 68 3 71 64.5 	 4 75 INDX FOOT 	 15 23 	 34 61 0

080080 75/11/03 4.4 5.5 1.1 SOCK 0 1 1 0.9	 5 75 SUPP FOOT 	 14 23 	 34 60 0

080080 75/11/05 3.2 4.0 0.8 FALL 2 1 3 3.8	 1 65 SUPP FOOT 	 4 67 0
080080 75/11/05 3.2 4.0 0.8 COHO 72 3 75 93.8 	 4 65 SUPP FOOT 	 1 24 31 34 0

080080 75/11/05 5.5 5.8 0.3 COHO 24 1 25 83.3 	 4 65 SUPP FOOT 24 60 0

080080 75/11/18 4.4 5.5 1.1 COHO 33 10 43 39.1 	 4 70 INDX FOOT 24 31 68 0

080080 75/12/09 3.2 4.0 0.8 COHO 4 10 14 17.5 	 4 45 SUPP FOOT 27 60 0

080080 75/12/09 4.4 5.5 1.1 COHO 15 17 32 29.1 	 4 60 INDX FOOT 27 40 60 0

080080 75/12/15 4.4 0.0 0.0 COHO 0 0 0 4 60 SPOT FOOT 24 60 0

080080 75/12/15 4.4 5.5 1.1 COHO 6 29 35 31.8 	 4 95 INDX FOOT 20 60 0

080080 75/12/15 6.2 0.0 0.0 COHO 0 0 0 4 75 SPOT FOOT 21	 60 0

080080 75/12/15 6.5 0.0 0.0 COHO 0 0 0 4 75 SPOT FOOT 21 60 0

080080 76/09/23 0.0 0.3 0.3 FALL 0 0 0 1 90 SUPP FOOT 	 5 20 44 FW

080080 76/09/23 0.0 0.3 0.3 SOCK 0 0 0 5 90 SUPP FOOT 	 1 20 44 FW

080080 76/09/29 2.2 3.2 1.0 FALL 0 0 0 1 60 SUPP FOOT 	 5 25 FW
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080080 	 76/11/24 4.4 5.5 	 1.1 COHO 55 15 70 63.6 	 4 85 INDX FOOT 21 31 0

080080	 76/11/29 0.0 1.3 	 1.3 COHO 0 0 0 4 40 SUPP FOOT 24 31 60 0

080080 	 76/11/29 1.3 2.1	 0.8 COHO 1 2 2.5 	 4 40 SUPP FOOT 21 31 0

080080 	 76/11/29 2.1 3.2 	 1.1 COHO 1 1 2 1.8 	 4 55 SUPP FOOT 24 30 31 0

080080 	 76/11/29 3.2 4.4 	 1.2 COHO 21 9 30 25.0 	 4 60 SUPP FOOT 21 31 0

080080 	 76/11/29 4.4 5.5	 1.1 COHO 16 3 19 17.3	 4 80 INDX FOOT 23 31 0

080080 	 76/11/29 5.5 6.2 	 0.7 COHO 19 5 24 34%3	 4 85 SUPP FOOT 20 0

080080 	 76/11/29 6.2 6.5	 0.3 COHO 4 1 5 16.7 	 4 80 SUPP FOOT 20 30 0

080080 	 76/11/29 6.5 7.7	 1.2 COHO 17 9 26 21.7	 4 60 SUPP FOOT 21 31 0

080080 	 76/12/07 0.2 1.3 	 1.1 COHO 3 1 4 3.6 	 4 65 SUPP FOOT 25 31 0

080080 	 76/12/07 1.3 2.1	 0.8 COHO 1 1 1.2 	 4 20 SUPP FOOT 24 34 0

080080 	 76/12/07 2.1 3.2	 1.1 COHO 1 1 2 1.8	 4 65 SUPP FOOT 24 31 0

080080 	 76/12/07 3,2 4.0 	 0.8 COHO 15 4 19 23.8	 4 60 SUPP FOOT 24 30 0

080080 	 76/12/07 4.0 4.4	 0.4 COHO 5 3 8 20.0 	 4 35 SUPP FOOT 24 30 0

080080 	 76/12/07 5.5 6.5	 1.0 COHO 33 8 41 41.0	 4 70 SUPP FOOT 24 31 0
080080 	 76/12/07 6.5 7.9	 1.4 COHO 44 16 60 42.9 	 4 85 SUPP FOOT 20 31 0

080080 	 76/12/08 4.4 5.5	 1.1 COHO 81 27 108 98.2 	 4 75 INDX FOOT 24 31 60 0

080080 	 76/12/14 0.2 1.3 	 1.1 COHO 1 2 3 2.7 	 4 60 SUPP FOOT 24 31 60 0

080080 	 76/12/14 1.3 2.1	 0.8 COHO 4 7 8.8 	 4 40 SUPP FOOT 21 31 0

080080 	 76/12/14 2.1 3.2	 1.1 COHO 3 7 10 9.1	 4 45 SUPP FOOT 21 31 0
080080 	 76/12/14 3.2 4.4	 1.2 COHO 25 9 34 28.3 	 4 70 SUPP FOOT 24 31 0

080080 	 76/12/14 4.4 5.5	 1.1 COHO 66 37 103 93.6 	 4 75 INDX FOOT 24 31 	 60 0

080080 	 76/12/14 5.5 6.5 	 1.0 COHO 43 11 54 54.0 	 4 65 SUPP FOOT 24 31 60 0
080080 	 76/12/14 6.5 7.9 	 1.4 	 COHO 62 44 106 75.7 	 4 80 SUPP FOOT 20 0
080080 	 76/12/21 3.2 4.4	 1.2 COHO 26 10 36 30.0 	 4 70 SUPP FOOT 24 31 60 0
080080 	 76/12/21 4.4 5.5 	 1.1 COHO 50 37 87 79.1 	 4 80 INDX FOOT 20 0

080080 	 76/12/21 5.5 6.2 	 0.7 COHO 21 15 36 51.4 	 4 80 SUPP FOOT 20 0

080080 	 76/12/21 6.2 6.5 	 0.3 	 COHO 3 9 12 40.0 	 4 80 SUPP FOOT 20 0

080080 	 76/12/21 6.5 7.9	 1.4 COHO 40 39 79 56.4 	 4 70 SUPP FOOT 24 	 31 	 60 0

080080 	 76/12/27 4.4 5.5 	 1.1 	 COHO 70 58 128 116.4 	 4 75 INDX FOOT 23 0

080080 	 76/12/27 5.5 6.2 	 0.7 COHO 57 16 73 104.3 	 4 75 SUPP FOOT 23 0
080080 	 76/12/27 6.2 6.5 	 0.3 COHO 12 4 16 53_3	 4 75 SUPP FOOT 23 0
080080 	 76/12/27 6.5 7.9	 1.4 COHO 95 41 136 97.1 	 4 80 SUPP FOOT 21 0

080080 	 76/12/28 3.2 4.0	 0.8 COHO 0 1 1 1.3	 4 65 SUPP FOOT 24 31 0

080080 	 76/12/28 4.0 4.4	 0.4 COHO 7 2 9 22.5	 4 50 SUPP FOOT 24 31 0
080080 	 77/01/03 3.2 4.4 	 1.2 COHO 6 4 10 8.3	 4 70 SUPP FOOT 24 31 60 0

080080 	 77/01/03 4_4 5.5	 1.1 COHO 27 43 70 63.6 	 4 80 INDX FOOT 20 0

080080 	 77/01/03 5.5 6.2 	 0.7 COHO 16 9 25 35.7	 4 80 SUPP FOOT 20 0

080080 	 77/01/03 6.2 6.5 	 0.3 COHO 10 3 13 43.3 	 4 80 SUPP FOOT 20 0

080080 	 77/01/03 6.5 7.9	 1.4 COHO 33 34 67 47.9 	 4 70 SUPP FOOT 24 31 60 0

080080 	 77/01/10 0.2 1.3	 1.1 COHO 0 1 1 0.9 	 4 70 SUPP FOOT 21 31 0

080080 	 77/01/10 1.3 2.1	 0.8 COHO 0 4 60 SUPP FOOT 21 31 0

080080 	 77/01/10 2.1 3.2	 1.1 COHO 1 6 7 6.4	 4 70 SUPP FOOT 21 31 0

080080 	 77/01/10 3.2 4.4 	 1.2 COHO 11 2 13 10.8 	 4 70 SUPP FOOT 21 31 60 0

080080 	 77/01/10 4.4 5.5 	 1.1 COHO 25 33 58 52.7	 4 70 INDX FOOT 21 31 60 0

080080 	 77/01/10 5.5 6.2	 0.7 COHO 22 11 33 47.1	 4 80- SUPP FOOT 20 0
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080080 	 77/01/10 6.2 6.5	 0.3 COHO 3 6 9 30.0 	 4 80 SUPP FOOT 20 0
080080 	 77/01/10 6.5 7.9 	 1.4 COHO 22 42 64 45.7 	 4 70 SUPP FOOT 21 31 60 0

080080 	 77/01/13 4.4 4.8 	 0.4 COHO 5 12 17 42.5 	 4 70 SUPP FOOT 24 31 60 0

080080 	 77/01/17 3.2 4.4 	 1.2 COHO 2 2 4 3.3	 4 65 SUPP FOOT 38 60 31 0

080080 	 77/01/17 4.4 5.5 	 1.1 COHO 20 35 55 50.0 	 4 80 INDX FOOT 20 31 0

080080 	 77/01/17 5.5 6.2 	 0.7 COHO 8 18 26 37.1 	 4 80 SUPP FOOT 20 0

080080	 77/01/17 6.2 6.5 	 0.3 COHO 0 5 5 16.7 	 4 80 SUPP FOOT 20 31 0

080080	 77/01/17 6.5 7.8 	 1.3 COHO 10 44 54 41.5 	 4 65 SUPP FOOT 24 60 0
080080	 77/01/24 2.1 3.2	 1.1 COHO 1 1 2 1.8 	 4 65 SUPP FOOT 20 0
080080	 77/01/24 3.2 4.4	 1.2 COHO 4 4 8 6.7	 4 65 SUPP FOOT 24 31 38 0

080080 	 77/01/24 4.4 5.5 	 1.1 COHO 11 33 44 40.0 	 4 70 INDX FOOT 60 0
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080080 77/12/05 0.2 1.3 1.1 FALL 0 1 0.9 1 75 SUPP FOOT 4 23 0

080080 77/12/05 0.2 1.3 1.1 COHO 2 4 6 5.5 4 70 SUPP FOOT 1 23 60 0

080080 77/12/05 1.3 2.1 0.8 COHO 0 3 3'.8 4 80 SUPP FOOT 23 31 60 0

080080 77/12/05 2.1 3.2 1.1 COHO 0 1 1 0.9 4 70 SUPP FOOT 23 60 0

080080 77/12/05 3.2 4.4 1.2 COHO 32 15 47 39.2 4 80 SUPP FOOT 23 33 	 60 0

080080 77/12/05 4.4 5.5 1.1 COHO 42 13 55 50.0 4 80 INDX FOOT 23 60 0

080080 77/12/05 5.5 6.5 1.0 COHO 37 7 44 4410 4 90 SUPP FOOT 23 60 0

080080 77/12/05 6.5 7.3 0.8 COHO 8 1 9 11.3 4 60 SUPP FOOT 25 60 0

080080 77/12/05 7.3 7.9 0.6.00H0 4 1 5 8.3 4 90 SUPP FOOT 20 60 0

080080 77/12/19 1.3 2.1 0.8 COHO 0 3 3 3.8 4 60 SUPP FOOT 27 60 0

080080 77/12/19 2.1 3.2 1.1 COHO 0 6 6 5.5 4 40 SUPP FOOT 23 31 60 0

080080 77/12/19 3.2 4.4 1.2 COHO 4 2 6 5.0 4 65 SUPP FOOT 27 60 0

080080 77/12/19 4.4 5.5 1_1 COHO 10 11 21 19.1 4 85 INDX FOOT 23 33 60 0

080080 77/12/19 5.5 6.5 1.0 COHO 25 3 28 28.0 4 75 SUPP FOOT 24 60 0

080080 77/12/19 6.5 7.3 0.8 COHO 8 7 15 18.8 4 90 SUPP FOOT 20 60 0

080080 77/12/19 7.3 7.9 0.6 COHO 28 2 30 50.0 4 85 SUPP FOOT 23 60 0

080080 77/12/27 0.2 1.3 1.1 COHO 0 1 1 0.9 4 80 SUPP FOOT 23 	 60 0

080080 77/12/27 1.3 2.1 0.8 COHO 2 2 4 5.0 4 75 SUPP FOOT 20 31 60 0

080080 77/12/27 2.1 3.2 1.1 COHO 0 4 4 3.6 4 80 SUPP FOOT 23 60 0

080080 77/12/27 3.2 4.4 1.2 COHO 3 3 6 5.0 4 60 SUPP FOOT 23 31 60 0

080080 77/12/27 4.4 5.5 1.1 COHO 0 12 12 10.9 4 85 INDX FOOT 20 60 0

080080 77/12/27 5.5 6.5 1.0 COHO 0 6 6 6.0 4 80 SUPP FOOT 23 60 0

080080 77/12/27 6.5 7.3 0.8 COHO 0 1 1 1.3 4 70 SUPP FOOT 24 60 0

080080 77/12/27 7.3 7.9 0.6 COHO 1 12 13 21.7 4 95 SUPP FOOT 20 50 60 0

080080 78/01/03 1.3 2.1 0.8 COHO 0 0 0 4 15 SUPP FOOT 28 60 0

080080 78/01/03 2.1 2.9 0.8 COHO 0 1 1 1.3 4 20 SUPS FOOT 24 31 60 0

080080 78/01/03 4.4 5.5 1.1 COHO 0 7 7 6.4 4 75 INDX FOOT 23 34 60 0

080080 78/01/03 5.5 6.5 1.0 COHO 0 0 0 4 70 SUPP FOOT 24 60 0

080080 78/01/03 6.5 7.3 0.8 COHO' 0 8 8 10.0 4 80 SUPP FOOT 23 34 60 0

080080 78/01/03 7.3 7.9 0.6 COHO 0 5 5 8.3 4 70 SUPP FOOT 24 60 0

080080 78/01/11 4.4 5.5 1.1 COHO 0 0 0 4 85 INDX FOOT 23 60 0

080080 78/01/11 5.5 6.5 1.0 COHO 4 5 9 9.0 4 75 SUPP FOOT 23 60 0

080080 78/01/11 6.5 7.3 0.8 COHO 0 0 0 4 85 SUPP FOOT 23	 60 0

080080 78/01/11 7.3 7.9 0.6 COHO 0 0 0 4 85 SUPP FOOT 23 	 60 0

1

Page 7

Wria-Stream 	 Date Start End Length Spec Live Dead Total Fish/ Spec Pct. 	 Redd Type Type Other Comment Agency

Number Yr Mo Dy Mile Mile Count Count Mile Code Seen Count Count Survey Spec Codes Code

LITTLE BEAR Creek

080080 78/10/27 0.0 1.0 1.0 FALL 2 4 6 6.0 1 45 SUPP FOOT 45 21 0

080080 78/10/27 0.0 1.0 1.0 COHO 3 4 7 7.0 4 45 SUPP FOOT 15 21 0

080080 78/10/27 0.0 1.0 1.0 SOCK 21 2 23 23.0 5 45 SUPP FOOT 14 21 0

080080 78/10/27 1.0 1.3 0.3 FALL 0 3 3 10.0 1 80 SUPP FOOT 4 20 0

080080 78/10/27 1.0 1.3 0.3 COHO 1 0 1 3.3 4 80 SUPP FOOT 1 20 0

080080 78/10/27 1.3 1.9 0.6 FALL 2 3 5 8.3 1 65 SUPP FOOT 45 20 0

080080 78/10/27 1.3 1.9 0.6 COHO 5 0 5 8.3 4 65 SUPP FOOT 15 20 0

080080 78/10/27 1.3 1.9 0.6 SOCK 2 0 2 3.3 5 65 SUPP FOOT 14 20 0

080080 78/10/27 1.9 2.9 1.0 COHO 1 0 1 1.0 4 60 SUPP FOOT 20 0

080080 78/10/27 2.9 4.0 1.1 FALL 3 2 5 4.5 1 60 SUPP FOOT 45 20 0

080080 78/10/27 2.9 4.0 1.1 COHO 18 1 19 17.3 4 60 SUPP FOOT 15 20 66 0

080080 78/10/27 2.9 4.0 1.1 SOCK 0 1 1 0.9 5 60 SUPP FOOT 14 20 0

080080 78/10/27 4.0 4.4 0.4 COHO 0 1 1 2.5 4 70 SUPP FOOT 20 0

080080 78/10/27 4.4 5.5 1.1 FALL 0 4 4 3.6 1 80 SUPP FOOT 4 20 60 0

080080 78/10/27 4.4 5.5 1.1 COHO 5 4 9 8.2 4 80 INDX FOOT 1 20 61 0

080080 78/10/27 5.5 6.2 0.7 COHO 1 0 1 1.4 4 70 SUPP FOOT 20 0

080080 78/10/27 6.2 7.9 1.7 COHO 0 0 0 4 80 SUPP FOOT 20 0

080080 78/10/27 6.5 6.7 0.2 FALL 0 1 1 5.0 1 80 SUPP FOOT 20 0

080080 78/10/30 1.0 1.9 0.9 FALL 2 10 12 13.3 1 0 SUPP FOOT 4 20 0

080080 78/10/30 1.0 1.9 0.9 COHO 1 0 1 1.1 4 70 SUPP FOOT 1 20 0

080080 78/10/30 1.9 4.0 2.1 COHO 6 2 8 3.8 4 70 SUPP FOOT 5 20 0

080080 78/10/30 1.9 4.0 2.1 SOCK 1 0 1 0.5 5 0 SUPP FOOT 4 20 0
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DE TE DZ	1003 ddnS	SS	t	0	0	OHOD 9-0	6'L	E-L	00/TI/BL 080080

	

DE ZZ	1009 ddnS	SZ	t	0	0	0	OHOD 9-0	E'L	L-9	00/T-1/8L 080020

	

DE OE SZ	1009 ddnS	54	t	0-4	Z	0	Z	OHOD 5'0	L'9	Z.9	00/T-1/8L 020080
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080080	 78/11/11 3.2 4.4	 1.2 COHO	 5 1 6 5.0	 4 65 SUPP FOOT 24 31 0

080080	 78/11/11 4.4 5.5	 1.1 COHO	 31 2 33 30.0 	 4 90 INDX FOOT 20 60 0

080080 	 78/11/11 5.5 6.2	 0.7 COHO 	 5 0 5 7.1	 4 70 SUPP FOOT 23 33 0

080080 	 78/11/11 6.2 6.7	 0.5 CORO 6 12.0 	 4 75 SUPP FOOT 20 33 0

080080	 78/11/11 6.7 7.9	 1.2 CORO 0 3 2.5	 4 75 SUPP FOOT 20 33 0

080080	 78/11/12 3.2 4.4	 1.2 COHO	 9 3 12 10.0 	 4 65 SUPP FOOT 24 31 68 0

080080 	 78/11/12 4.4 5.5 	 1.1 COHO 	 18 2 20 10,2	 4 75 INDX FOOT 20 31 0

080080 	 78/11/12 5.5 6.2	 0.7 COHO	 3 3 4.3	 4 85 SUPP FOOT 20 33 0

080080	 78/11/12 6.2 6.7	 0.5 COHO 5 10.0	 4 80 SUPP FOOT 20 60 0

080080	 78/11/12 6.7 7.3	 0.6 COHO 0 4 85 SUPP FOOT 20 0

080080 	 78/11/12 7.3 7.7	 0.4 COHO 0 4 85 SUPP FOOT 20 60 0

080080 	 78/11/13 5.5 7.5	 2.0 COHO 	 2 2 1.0	 4 90 SUPP FOOT 0

080080 	 78/11/14 3.2 4.0	 0.8 COHO 	 16 4 20 25.0	 4 50 SUPP FOOT 20 60 0

080080 	 78/11/14 4.0 4.4	 0.4 COHO 	 4 2 6 15.0	 4 40 SUPP FOOT 20 0

080080	 78/11/14 4.4 5.5	 1.1 COHO 	 17 20 18.2 	 4 70 INDX FOOT 20 0

080080 	 78/11/14 5.5 6.2	 0.7 COHO 	 1 1 1.4	 4 90 SUPP FOOT 20

080080	 78/11/14 6.2 6.5	 0.3 COHO 	 1 3.3 	 4 90 SUPP FOOT 20

080080 	 78/11/14 6.5 6.7 	 0.2 COHO 	 1 1 5.0	 4 90 SUPP FOOT 20

080080 	 78/11/14 6.7 7.3	 0.6 CORO 	 0 4 80 SUPP FOOT 20

080080 	 78/11/14 7.3 7.7	 0.4 COHO	 1 1 2.5	 4 95 SUPP FOOT 20

080080	 78/11/15 1.0 1.9	 0.9 CORO 	 15 15 16.7 	 4 60 SUPP FOOT 	 1 66

080080 	 78/11/15 1.9 3.2 	 1.3 COHO	 5 7 12 9.2 	 4 80 SUPP FOOT
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LITTLE BEAR Creek

080080 	 78/11/15 3.2 4.4	 1.2 FALL 	 0 1 0.8	 1 90 SUPP FOOT 	 4 20

080080	 78/11/15 3.2 4.4	 1.2 CORO 	 8 5 13 10.8 	 4 90 SUPS FOOT 	 1 20

080080	 78/11/15 4.4 5.5	 1.1 COHO 	 7 2 9 8.2	 4 90 INDX FOOT 20

080080	 78/11/15 5.5 6.2	 0.7 COHO 	 2 3 4.3	 4 85 SUPP FOOT 20

080080 	 78/11/15 6.2 6.7	 0.5 CORO 	 0 2 2 4.0	 4 80 SUPP FOOT 20

080080 	 78/11/15 6.7 7.7	 1.0 COHO 	 0 0 4 80 SUPP FOOT 20 60 0

080080 	 78/11/16 3.2 4.4	 1.2 COHO	 13 4 17 14.2 	 4 60 SUPP FOOT 27 31 34 0

080080	 78/11/16 4.4 5.5	 1.1 COHO	 19 4 23 20.9	 4 75 INDX FOOT 24 34 0

080080	 78/11/16 5.5 6.2	 0.7 COHO	 6 7 10.0	 4 85 SUPP FOOT 21 33

080080 	 78/11/16 6.2 6.7	 0.5 COHO	 2 3 6.0	 4 75 SUPP FOOT 24 31

080080 	 78/11/16 6.7 7.3 	 0.6 COHO 	 1 1.7	 4 80 SUPP FOOT 23 31

080080 	 78/11/16 7.3 7.7	 0.4 COHO	 1 1 2.5	 4 80 SUPP FOOT 21 34

080080 	 78/11/17 3.2 4.4	 1.2 CORO 	 17 3 20 16.7	 4 60 SUPP FOOT 27 31

080080 	 78/11/17 4.4 5.5	 1.1 COHO	 41 46 41.8 	 4 80 INDX FOOT 27 31

080080	 78/11/17 5.5 6.2	 0.7 COHO	 18 19 27.1 	 4 75 SUPP FOOT 24 31

080080 	 78/11/17 6.2 6.7	 0.5 COHO 	 5 6 12.0	 4 75 SUPP FOOT 24 31

080080	 78/11/17 6.7 7.7	 1.0 COHO	 6 7 7.0	 4 80 SUPP FOOT 24

080080	 78/11/19 3.2 4.0	 0.8 COHO	 23 4 27 33.8 	 4 50 SUPP FOOT 24

080080	 78/11/19 4.0 4.4	 0.4 COHO	 6 10 25.0 	 4 25 SUPP FOOT 24

080080 	 78/11/19 4.4 5.5	 1.1 COHO 	 56 61 55.5	 4 70 INDX FOOT 24 61 0

080080 	 78/11/19 5.5 6.2	 0.7 COHO	 30 30 42.9	 4 70 SUPP FOOT 30 24 33 0

080080 	 78/11/19 6.2 6.7	 0.5 COHO	 1 2 4.0	 4 65 SUPP FOOT 25 31 33 0

080080 	 78/11/19 6.7 7.3	 0.6 COHO	 4 2 6 10.0	 4 70 SUPS FOOT 25 31 0

080080 	 78/11/19 7.3 7.7	 0.4 COHO	 8 8 20.0	 4 80 SUPP FOOT 25 31

080080 	 78/11/20 3.2 4.0	 0.8 COHO	 23 4 27 33.8 	 4 65 SUPP FOOT 23 32

080080 	 78/11/20 4.0 4.4	 0.4 COHO	 4 10 25.0 	 4 70 SUPP FOOT 23

080080	 78/11/20 4.4 5.5 	 1.1 COHO 	 48 53 48.2	 4 80 INDX FOOT 23

080080 	 78/11/20 5.5 6.2	 0.7 COHO	 10 10 14.3 	 4 70 SUPP FOOT 23

080080 	 78/11/20 6.2 6.5	 0.3 COHO	 4 4 13.3 	 4 70 SUPP FOOT 23

080080 	 78/11/20 6.5 6.7	 0.2 CORO 	 5 5 25.0 	 4 70 SUPP FOOT 23

080080 	 78/11/20 6.7 7.3	 0.6 COHO	 5 5 8.3	 4 70 SUPP FOOT 23

080080 	 78/11/20 7.3 7.5	 0.2 COHO	 2 2 10.0	 4 70 SUPP FOOT 23 	 60

080080	 78/11/21 3.2 4.4	 1.2 COHO	 29 30 25.0 	 4 80 SUPS FOOT

080080 	 78/11/21 4.4 5.5 	 1.1 COHO 	 27 27 24.5	 4 80 INDX FOOT

080080 	 78/11/22 1.0 1.9	 0.9 COHO	 5 6 6.7	 4 85 SUPS FOOT
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080080 	 78/12/07 3.2 4.0	 0.8 COHO 	 23 8 31 38.8 	 4 65 SUPP FOOT 24 31 33 0

080080 	 78/12/07 4.0 4.4 	 0.4 COHO 	 13 4 17 42.5 	 4 55 SUPP FOOT 25 31 32 0

080080 	 78/12/07 4.4 5.5 	 1.1 COHO 	 55 15 70 63.6 	 4 75 INDX FOOT 24 31 33 0

080080	 78/12/07 5.5 6.2 	 0.7 COHO 	 18 4 22 31.4 	 4 65 SUPP FOOT 20 32 0

080080	 78/12/07 6.2 6.7 	 0.5 COHO	 5 2 7 14.0 	 4 75 SUPP FOOT 20 32 0

080080	 78/12/07 6.7 7.3 	 0.6 COHO	 8 0 8 13.3	 4 70 SUPP FOOT 21 31 32 0

080080	 78/12/07 7.3 7.7 	 0.4 CORO	 6 1 7 17-.5 	 4 85 SUPP FOOT 20 32 0

080080	 78/12/08 3.2 4.4	 1.2 COHO 	 34 7 41 34.2 	 4 80 SUPP FOOT 20 31 0

080080 	 78/12/08 4.4 5.5 	 1.1 COHO	 66 10 76 69.1	 4 80 INDX FOOT 20 0

080080 	 78/12/08 5.5 6.2 	 0.7 COHO 	 12 8 20 28.6 	 4 75 SUPP FOOT 20 0
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LITTLE BEAR Creek

080080 	 78/12/08 6.2 6.7 	 0.5 COHO	 2 3 5 10.0 	 4 75 SUPP FOOT 20 0

080080 	 78/12/08 6.7 7.7	 1.0 COHO	 9 8 17 17.0 	 4 75 SUPP FOOT 20 0

.080080 	 78/12/09 3.2 4.0 	 0.8 COHO 	 33 10 43 53.8 	 4 75 SUPP FOOT 24 30 31 0

080080	 78/12/09 4.0 4.4 	 0.4 COHO 	 10 4 14 35.0 	 4 65 SUPP FOOT 24 31 0

080080 	 78/12/09 4.4 5.5 	 1.1 COHO 	 44 16 60 54.5 	 4 75 INDX FOOT 24 0

080080 	 78/12/09 5.5 6.2 	 0.7 COHO 	 5 7 12 17.1 	 4 75 SUPP FOOT 21 0

080080 	 78/12/09 6.2 6.7 	 0.5 COHO 	 0 4 4 8.0 	 4 80 SUPP FOOT 20 0

080080 	 78/12/09 6.7 7.3 	 0.6 CORO	 4 0 4 6.7	 4 75 SUPP FOOT 20 0

080080 	 78/12/09 7.3 7.7 	 0.4 COHO 	 6 1 7 17.5 	 4 85 SUPP FOOT 20 0

080080 	 78/12/10 3.2 4.4	 1.2 COHO	 46 5 51 42.5 	 4 80 SUPP FOOT 24 31 0

080080 	 78/12/10 4.4 5.5 	 1.1 COHO 	 41 12 53 48.2 	 4 85 INDX FOOT 23 0

080080 	 78/12/10 5.5 6.2 	 0.7 COHO 	 12 6 18 25.7 	 4 35 SUPP FOOT 21 30 0

080080	 78/12/10 6.2 6.7 	 0.5 COHO	 3 3 6 12.0 	 4 65 SUPP FOOT 21 30 0

080080	 78/12/10 6.7 7.7 	 1.0 COHO	 14 4 18 18.0 	 4 70 SUPP FOOT 21 31 0

080080	 78/12/11 4.4 6.2 	 1.8 COHO 	 36 8 44 24.4 	 4 75 INDX FOOT 6 20 0

080080	 78/12/12 4.4 5.5	 1.1 COHO	 46 15 61 55.5 	 4 85 INDX FOOT 20 0

080080	 78/12/12 5.5 6.2 	 0.7 COHO 	 10 5 15 21.4 	 4 55 SUPP FOOT 20 0

080080	 78/12/12 6.5 7.9	 1.4 COHO 	 14 5 19 13.6 	 4 75 SUPP FOOT 0

080080	 78/12/13 1.0 1.9	 0.9 CORO 	 3 2 5 5.6 	 4 75 SUPP FOOT 20 0

080080	 78/12/13 1.9 3.2	 1.3 COHO	 1 11 12 9.2 	 4 80 SUPP FOOT 20 0

080080	 78/12/13 3.2 4.4 	 1.2 COHO 	 26 7 33 27.5 	 4 75 SUPP FOOT 21 31 0

080080	 78/12/13 4.4 5.5 	 1.1 COHO 	 37 18 55 50.0 	 4 80 INDX FOOT 21 31 0

080080	 78/12/13 5.5 6.2	 0.7 COHO 	 9 5 14 20.0 	 4 75 SUPP FOOT 20 0

080080	 78/12/13 6.2 6.7 	 0.5 COHO 	 0 4 4 8.0 	 4 65 SUPP FOOT 20 0

080080	 78/12/13 6.7 7.3 	 0.6 COHO 	 10 2 12 20.0 	 4 80 SUPP FOOT 20 0

080080	 78/12/13 7.3 7.7	 0.4 COHO 	 0 1 1 2.5 	 4 85 SUPP FOOT 20 0

080080	 78/12/14 3.2 4.4	 1.2 COHO 	 24 2 26 21.7 	 4 55 SUPP FOOT 28 34 0

080080	 78/12/14 4.4 5.5	 1.1 COHO 	 33 10 43 39.1 	 4 70 INDX FOOT 27 0

080080	 78/12/14 5.5 6.2 	 0.7 COHO 	 5 4 9 12.9 	 4 40 SUPP FOOT 25 30 34 0

080080	 78/12/14 6.2 6.7	 0.5 COHO	 2 4 6 12.0 	 4 50 SUPP FOOT 25 34 0

080080	 78/12/14 6.7 7.7 	 1.0 COHO 	 7 2 9 9.0 	 4 75 SUPP FOOT 24 0

080080	 78/12/15 3.2 4.0	 0.8 COHO 	 16 6 22 27.5 	 4 70 SUPP FOOT 27 31 33 0

080080	 78/12/15 4.0 4.4	 0.4 COHO 	 9 4 13 32.5 	 4 70 SUPP FOOT 27 31 0

onoaa 	 78/12/15 4.4 5.5	 1.1 COHO 	 51 12 63 57.3 	 4 80 INDX FOOT 24 0

080080	 78/12/15 5.5 6.2 	 0.7 COHO 	 15 3 18 25.7 	 4 70 SUPP FOOT 24 0

080080	 78/12/15 6.2 6.7 	 0.5 COHO 	 11 3 14 28.0 	 4 80 SUPP FOOT 21 0

080080	 78/12/15 6.7 7.3 	 0.6 COHO	 8 1 9 15.0	 4 85 SUPP FOOT 20 0

080080	 78/12/15 7.3 7.7	 0.4 COHO	 4 1 5 12.5 	 4 85 SUPP FOOT 20 0

080080 	 78/12/16 3.2 4.4 	 1.2 COHO 	 28 7 35 29.2 	 4 65 SUPP FOOT 25 33 0

080080	 78/12/16 4.4 5.5	 1.1 COHO 	 52 8 60 54.5	 4 75 INDX FOOT 24 0

080080	 78/12/16 5.5 6.2	 0.7 COHO 	 10 3 13 18.6 	 4 80 SUPP FOOT 21 31 0

080080 	 78/12/16 6.2 6.7 	 0.5 COHO 	 3 4 7 14.0 	 4 80 SUPP FOOT 21 0

080080 	 78/12/16 6.7 7.7	 1.0 COHO 	 9 5 14 14.0 	 4 80 SUPP FOOT 20 0

080080 	 78/12/17 3.2 4.0	 0.8 COHO 	 30 10 40 50.0 	 4 75 SUPP FOOT 24 31 34 0

080080 	 78/12/17 4.0 4.4 	 0.4 COHO 	 10 3 13 32.5 	 4 75 SUPP FOOT 24 31 34 0

080080 	 78/12/17 4.4 5.5	 1.1 COHO 	 52 13 65 59.1 	 4 80 INDX FOOT 21 31 34 0

080080 	 78/12/17 5.5 6.2	 0.7 COHO 	 17 2 19 27.1 	 4 80 SUPP FOOT 20 0
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Wria-Stream Date 	 Start End Length Spec Live Dead Total Fish/ Spec Pct. Redd Type Type Other Comment Agency

Number Yr Mo Dy Mile Mile 	 Count Count 	 Mile Code Seen Count Count Survey Spec Codes 	 Code

LITTLE BEAR Creek

080080 79/11/06 4.4 5.5	 1.1 CHUM 2 0 2 1.8	 2 75 SUPP FOOT 21

080080 79/11/06 4.4 5.5	 1.1 COHO 97 30 127 115_5 	 4 75 INDX FOOT 5 21 60

080080 79/11/06 4.4 5.5 	 1.1 SOCK 39 19 58 52.7 	 5 75 SUPP FOOT 2 21 0

080080 79/11/14 4.4 5.5	 1.1 COHO 23 35 58 52.7 	 4 80 INDX FOOT 5 20 61 0

080080 79/11/14 4.4 5.5	 1.1 SOCK 8 13 21 19.1 	 5 80 SUPP FOOT 4 20 0

080080 79/11/19 4.4 5.5	 1.1 COHO 176 21 197 179.1 	 4 70 INDX FOOT 5 23 0

080080 79/11/19 4_4 5.5 	 1.1 SOCK 0 7 7 6.4	 5 70 SUPP FOOT 4 23 0

080080 79/11/27 4.4 5.5	 1.1 COHO 116 23 139 126.4 	 4 70 INDX FOOT 5 20 31 0

080080 79/11/27 4.4 5.5	 1.1 SOCK 0 3 3 2.7	 5 70 SUPP FOOT 4 20 31 0

080080 79/12/06 4.4 5.5	 1.1 FALL 0 1 I 0.9 	 1 65 SUPP FOOT 45 24 31 0

080080 79/12/06 4.4 5.5 	 1.1 COHO 126 48 174 158.2 	 4 65 INDX FOOT 15 24 31 0

080080 79/12/06 4.4 5.5	 1.1 SOCK 0 1 1 0.9	 5 65 SUPP FOOT 14 24 31 0

080080 79/12/11 4.4 5.5	 1.1 COHO 51 44 95 86.4	 4 80 INDX FOOT 60 0

080080 80/10/30 4.4 5.5	 1.1 COHO 10 0 10 9.1	 4 99 INDX FOOT 20

080080 80/11/11 4.4 5.5	 1.1 COHO 37 2 39 35.5 	 4 80 INDX FOOT 20 31 0

080080 80/11/17 4.4 5.5	 1.1 COHO 25 5 30 27.3 	 4 75 INDX FOOT 20 31	 60 0

080080 80/11/25 4.4 5.5	 1.1 FALL 0 2 2 1.8 	 1 80 INDX FOOT 4 24 31 0

080080 80/11/25 4.4 5.5 	 1.1 COHO 46 14 60 54.5 	 4 80 INDX FOOT 1 24 31 0

080080 80/12/08 4.4 5.5	 1.1 COHO 10 6 16 14.5 	 4 75 INDX FOOT 21 31

080080 80/12/16 4.4 5.5	 1.1 COHO 46 18 64 58.2 	 4 80 INDX FOOT 21 31 0

080080 80/12/23 4.4 5.5	 1.1 COHO 18 23 41 37.3 	 4 75 INDX FOOT 24

080080 81/10/13 4.4 5.5	 1.1 FALL 10 13 23 20.9 	 1 90 INDX FOOT 45 51 0

080080 81/10/13 4.4 5.5	 1.1 COHO 5 0 5 4.5	 4 90 INDX FOOT 15 20 0

080080 81/10/13 4.4 5.5	 1.1 SOCK 10 7 17 15.5 	 5 90 INDX FOOT 14 51 0

080080 81/10/15 0.0 4.4	 4.4 FALL 8 3 11 2.5	 1 70 SUPP FOOT 45 0

080080 81/10/15 0.0 4.4	 4.4 COHO 28 0 28 6.4	 4 65 SUPP FOOT 15 0

080080 81/10/15 0.0 4.4	 4.4 SOCK 48 3 51 11.6 	 5 75 SUPP FOOT 14 0

080080 81/10/21 4.4 5.5	 1.1 FALL 1 13 14 12.7 	 1 85 SUPP FOOT 45 21 31 0

080080 81/10/21 4.4 5.5	 1.1 COHO 4 0 4 3.6	 4 75 INDX FOOT 15 21 31 0

080080 81/10/21 4.4 5.5	 1.1 SOCK 1 1 0.9	 5 75 SUPP FOOT 14 21 31 0

080080 81/10/27 4.4 5.5	 1.1 FALL 0 10 10 9.1 	 1 65 SUPP FOOT 4 24 31 0

080080 81/10/27 4.4 5.5 	 1.1 COHO 40 1 41 37.3 	 4 65 INDX FOOT 1 24 31 0

080080 81/11/03 4.4 5.5	 1.1 FALL 1 1 2 1.8	 1 70 SUPP FOOT 4 20 31 60 0

080080 81/11/03 4.4 5.5	 1.1 COHO 34 2 36 32.7 	 4 70 INDX FOOT 1 20 31	 60 0

080080 81/11/10 4.4 5.5	 1.1 FALL 0 1 1 0.9	 1 80 SUPP FOOT 4 20 31 0

080080 81/11/10 4.4 5.5 	 1.1 COHO 15 13 28 25.5	 4 80 INDX FOOT 1 20 31 33 0

080080 81/11/17 4.4 5.5 	 1.1 FALL 0 1 1 0.9	 1 70 SUPP FOOT 4 24 31 0

080080 81/11/17 4.4 5.5	 1.1 COHO 49 4 53 48.2	 4 70 INDX FOOT 1 24 31 0

080080 81/11/24 4.4 5.5	 1.1 COHO 57 4 61 55.5 	 4 65 INDX FOOT 24 31 33 0

080080 81/12/01 4.4 5.5	 1.1 COHO 20 16 36 32.7 	 4 75 INDX FOOT 23 31 0

080080 81/12/08 4.4 5.5	 1.1 COHO 15 9 24 21.8 	 4 60 INDX FOOT 24 31 49 0

080080 81/12/17 4.4 5.5	 1.1 COHO 4 3 7 6.4	 4 70 INDX FOOT 26 31 33 0

080080 82/11/01 4.4 5.5 	 1.1 FALL 0 2 2 1.8	 1 90 INDX FOOT 45 20 31 0

080080 82/11/01 4.4 5.5	 1.1 COHO 67 3 70 63.6 	 4 90 INDX FOOT 15 20 31 0

080080 82/11/01 4.4 5.5 	 1.1 SOCK 5 4 9 8.2	 5 90 INDX FOOT 14 20 31 0

080080 82/11/08 4.4 5.5	 1.1 FALL 0 1 1 0.9 	 1 70 INDX FOOT 45 20 0

080080 82/11/08 4.4 5.5	 1.1 COHO 15 15 30 27.3 	 4 70 INDX FOOT 15 20 0

080080 82/11/08 4.4 5.5	 1.1 SOCK 0 1 1 0.9	 5 70 INDX FOOT 14 20 0
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080080	 85/11/15 4.4 5.5	 1.1 COHO 12 8 20 18.2	 4 70 INDX FOOT 23 31 33

080080 	 85/11/26 4.4 5.5	 1.1 COHO 0 6 6 5.5	 4 70 INDX FOOT 20 37

080080	 85/12/09 4.4 5.5	 1.1 COHO 14 2 16 14.5 	 4 90 INDX FOOT 23 33 60

080080 	 85/12/16 4.4 5.5	 1.1 COHO 1 3 4 3.6	 4 85 INDX FOOT 20

080080	 85/12/23 4.4 5.5	 1.1 COHO 5 1 6 5.5	 4 85 INDX FOOT 20

080080	 86/01/03 4.4 5.5	 1.1 COHO 41 1 42 38.2 	 4 80 INDX FOOT 23 30 60 0

080080 	 86/01/10 4.4 5.5	 1.1 COHO 33 0 33 30.-0	 4 80 INDX FOOT 23 31 33 0

080080	 86/01/17 4.4 0.0	 0.0 COHO 0 0 0 4 25 SPOT FOOT 27 30 39 0

080080	 86/01/24 4.4 5.5	 1.1 COHO 6 1 7 6.4	 4 75 INDX FOOT 26 30 33 0

080080 	 86/10/15 1.2 1.9	 0.7 FALL 0 0 0 1 0 SUPP FOOT 21

080080 	 86/10/15 1.2 1.9	 0.7 SOCK 7 6 13 18.6	 5 0 SUPP FOOT 21

080080 	 86/10/15 1.9 3.3	 1.4 FALL 0 0 0 1 0 SUPP FOOT 21

080080 	 86/10/15 1.9 3.3	 1.4 SOCK 39 31 70 50.0	 5 0 SUPP FOOT 20

080080	 86/10/15 3.3 4.4	 1.1 FALL 0 0 0 1 0 SUPP FOOT 	 5 21

080080	 86/10/15 3.3 4.4	 1.1 SOCK 82 44 126 114.5 	 5 0 SUPP FOOT 21

080080	 86/10/24 4.4 5.5 	 1.1 FALL 0 2 2 1.8	 1 90 SUPP FOOT 	 45 20

080080 	 86/10/24 4.4 5.5	 1.1 COHO 1 1 2 1.8	 4 90 INDX FOOT 	 15 20

080080 	 86/10/24 4.4 5.5	 1.1 SOCK 13 34 47 42.7 	 5 90 SUPP FOOT 	 14 20

080080 	 86/11/03 4.4 5.5	 1.1 COHO 12 0 12 10.9	 4 85 INDX FOOT 	 5 20

080080 	 86/11/03 4.4 5.5 	 1.1 SOCK 3 11 14 12.7 	 5 85 SUPP FOOT 	 4 20

080080 	 86/11/10 4.4 5.5	 1.1 FALL 0 3 3 2.7	 1 85 SUPP FOOT 	 45 20 31 33 0

080080 	 86/11/10 4.4 5.5	 1.1 COHO 11 3 14 12.7 	 4 85 INDX FOOT 	 15 20 31 33

080080 	 86/11/10 4.4 5.5	 1.1 SOCK 0 1 1 0.9	 5 85 SUPP FOOT 	 14 20 31 33 0

080080 	 86/11/18 4.4 0.0	 0.0 COHO 0 0 0 4 25 SPOT FOOT 28 39 0

080080 	 86/11/29 4.4 5.5	 1.1 COHO 42 3 45 40.9	 4 75 INDX FOOT .23	 30 33 0

080080 	 86/12/04 4.4 5.5	 1.1 COHO 8 15 23 20.9 	 4 85 INDX FOOT 20 31

080080	 86/12/11 4.4 5.5	 1.1 COHO 3 13 16 14.5 	 4 90 INDX FOOT 20 31 0

080080 	 86/12/18 4.4 5.5	 1.1 COHO 2 7 9 8.2	 4 90 INDX FOOT 20 31 0

080080 	 87/01/02 4.4 5.5	 1.1 COHO 2 6 8 7.3	 4 65 INDX FOOT 26 30 33 0

080080 	 87/10/06 0.0 6.7	 6.7 FALL 7 2 9 1.3	 1 90 INDX FOOT 	 5 20 57 0

080080	 87/10/06 0_0 6.7 	 6.7 SOCK 1764 183 1947 290.6 	 5 90 SUPP FOOT 	 1 20 57 0

080080 	 87/10/20 4.4 5.5	 1.1 FALL 0 1 1 0.9	 1 85 SUPP FOOT 	 45 20 33 0

080080 	 87/10/20 4.4 5.5	 1.1 COHO 4 1 5 4.5	 4 85 INDX FOOT 	 15 20 33 0

080080 	 87/10/20 4.4 5.5	 1.1 SOCK 164 122 286 260.0	 5 85 SUPP FOOT 	 14 20 33 61 0

080080 	 87/10/27 4.4 5.5	 1.1 FALL 0 0 0 1 90 SUPP FOOT 	 45 20 33 0

080080 	 87/10/27 4.4 5.5	 1.1 COHO 6 1 7 6.4	 4 90 INDX FOOT 	 5 20 33 0

080080	 87/10/27 4.4 5.5	 1.1 SOCK 101 158 259 235.5 	 5 90 SUPP FOOT 	 4 20 33 61 0

080080 	 87/11/03 4.4 5_5 	 1.1 FALL 0 0 0 1 90 SUPP FOOT 	 45 20 33 0

080080	 87/11/03 4.4 5.5	 1.1 COHO 52 2 54 49.1 	 4 90 INDX FOOT 	 5 20 33 0

080080	 87/11/03 4.4 5.5	 1.1 SOCK 26 104 130 118.2 	 5 90 SUPP FOOT 	 4 20 33 0

080080	 87/11/10 4_4 5.5	 1_1 COHO 36 2 38 34.5 	 4 80 INDX FOOT 	 5 20 31 33 0

080080 	 87/11/10 4.4 5.5	 1.1 SOCK 2 24 26 23.6 	 5 80 SUPP FOOT 	 4 20 31 33 0

080080	 87/11/17 4.4 5.5	 1.1 COHO 184 7 191 173.6 	 4 75 INDX FOOT 	 5 20 30 60 0

080080	 87/11/17 4.4 5.5	 1.1 SOCK 4 2 6 5.5	 5 75 SUPP FOOT 	 4 20 30 33 0
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LITTLE BEAR Creek

080080 	 87/11/24 3.7 0.0	 0.0 COHO 12 '0 12 4 80 SPOT FOOT 23 60 0

080080 	 87/11/24 4.1 0.0	 0.0 COHO 10 0 10 4 75 SPOT FOOT 23 30 60 0

080080 	 87/11/24 4.4 5.5	 1.1 COHO 125 37 162 147.3 	 4 70 INDX FOOT 23 30 61 0

080080 	 87/12/01 4.4 0.0	 0.0 COHO 0 0 0 4 20 SPOT FOOT 27 39 0

080080 	 87/12/05 4.4 5.5	 1.1 COHO 39 31 70 63.6 	 4 55 INDX FOOT 23 30 0

'080080 	 87/12/08 4.4 5.5 	 1.1 COHO 28 16 44 40.0	 4 80 INDX FOOT 23 31 33 0

080080 	 87/12/15 4.4 5.5	 1.1 COHO 14 21 35 31.8 	 4 80 INDX FOOT 20 30 0

080080 	 87/12/22 4.4 0.0	 0.0 COHO 0 0 0 4 40 SPOT FOOT 27 30 39 0

080080 	 87/12/30 4.4 5.5 	 1.1 COHO 2 10 12 10.9 	 4 85 INDX FOOT 20 31 33 0

080080 	 88/10/25 4.4 5.5	 1.1 FALL 0 6 6 5.5	 1 95 SUPP FOOT 	 45 20 0
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080080 	 93/01/05 4.4 5.5 	 1.1 COHO 0 2 2 1.8 4 75 INDX FOOT 20 31 	 60 0

080080	 93/11/03 4.4 5.5	 1.1 COHO 14 5 19 17.3 4 75 INDX FOOT 5 20 60 0

080080	 93/11/03 4.4 5.5	 1.1 SOCK 0 1 1 0.9 5 75 SUPP FOOT 4 0

080080	 93/11/10 4.4 5.5	 1.1 COHO 3 4 7 6.4 4 85 INDX FOOT S 20 31 60 0

080080 	 93/11/10 4.4 5.5 	 1.1 SOCK 0 1 1 0.9 5 85 SUPP FOOT 4 20 31 60 0

080080 	 93/11/18 4.4 5.5	 1.1 COHO 6 2 8 7.3 4 80 INDX FOOT 20 30 33 0

080080 	 93/11/29 4.4 0.0 	 0.0 COHO 0 0 0 4 40 SPOT FOOT 24 30 39 0

080080 	 93/12/06 4.4 5.5	 1.1 COHO 22 4 26 23.6 4 75 INDX FOOT 20 31 60 0

080080 	 93/12/15 4.4 5.5 	 1.1 COHO 5 2 7 6.4 4 80 9 INDX FOOT 20 0

080080 	 93/12/22 4.4 5.5 	 1.1 COHO 2 2 1.8 4 90 INDX FOOT 20 60 0

080080 	 94/10/07 0.2 0.5 	 0.3 SOCK 31 14 45 150.0 5 0 17 SUPP FOOT KC

080080	 94/10/07 1.3 1.8	 0.5 SOCK 60 61 121 242.0 5 0 21 SUPP FOOT KC

080080 	 94/10/20 0.0 1.0 	 1.0 CHIN 0 1 1 1.0 1 0 SUPP FOOT 5 KC

080080	 94/10/20 0.0 1.0 	 1.0 SOCK 96 42 138 138.0 5 0 SUPP FOOT 1 KC

080080	 94/10/20 1.2 1.8 	 0.6 CHIN 0 1 1 1.7 1 0 SUPP FOOT 5 KC

080080 	 94/10/20 1.2 1.8	 0.6 SOCK 74 55 129 215.0 5 0 SUPP FOOT 1 KC

080080	 94/10/28 4.4 5.5 	 1.1 CHIN 0 5 5 4.5 1 75 SUPP FOOT 45 21 31 0

080080	 94/10/28 4.4 5.5	 1.1 COHO 4 0 4 3.6 4 75 INDX FOOT 15 21 31 0

080080	 94/10/28 4.4 5.5 	 1.1 SOCK 89 99 188 170.9 5 75 SUPP FOOT 14 21 31 0

080080	 94/11/03 4.4 5.5	 1.1 COHO 2 2 4 3.6 4 75 INDX FOOT 5 20 0

080080 	 94/11/03 4.4 5.5 	 1.1 SOCK 36 77 113 102.7 5 75 SUPP FOOT 4 20 31 0

080080 	 94/11/10 4.4 5.5	 1.1 COHO 1 1 2 1.8 4 85 INDX FOOT 5 20 0

080080 	 94/11/10 4.4 5.5 	 1.1 SOCK 7 63 70 63.6 5 85 INDX FOOT 4 20

080080 	 94/11/17 4.4 5.5 	 1.1 COHO 4 0 4 3.6 4 75 INDX FOOT 23 31

080080 	 94/11/25 4.4 5.5 	 1.1 COHO 1 0.9 4 85 INDX FOOT 20

080080 	 94/12/07 4.4 5.5	 1.1 COHO 2 3 2.7 4 90 INDX FOOT 20

080080 	 94/12/14 4.4 5.5 	 1.1 COHO 2 2 1.8 4 90 INDX FOOT 20

080080 	 95/10/18 4.4 5.5 	 1.1 COHO 16 16 14.5 4 75 INDX FOOT 5 20

080080 	 95/10/18 4.4 5.5 	 1.1 SOCK 16 4 20 18.2 5 75 SUPP FOOT 4 20 0

080080 	 95/10/26 4.4 5.5	 1.1 COHO 4 5 4.5 4 60 INDX FOOT 5 21 31 33 0

080080 	 95/10/26 4.4 5.5	 1.1 SOCK 0 3 2.7 5 60 INDX FOOT 4 21 31 33 0
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LITTLE BEAR Creek

080080 	 95/11/02 4.4 5.5 	 1.1 COHO 6 5.5 4 85 INDX FOOT 5 20 0

080080 	 95/11/02 4.4 5.5 	 1.1 SOCK 0 1 0.9 5 85 SUPP FOOT 4 20

080080 	 95/11/13 4.4 5.5	 1.1 COHO 48 48 43.6 4 80 INDX FOOT 20 31

080080 	 95/11/21 4.4 5.5 	 1.1 COHO 38 41 37.3 4 85 INDX FOOT 20 60

080080 	 95/12/01 4.4 0.0 	 0.0 COHO 0 0 0 4 0 SPOT FOOT 27 39 60

080080 	 95/12/03 4.4 5.5 	 1.1 COHO 30 10 40 36.4 4 85 INDX FOOT 20 60

080080 	 95/12/11 4.4 0.0 	 0.0 COHO 0 0 0 4 5 SPOT FOOT 28 39

080080 	 95/12/19 4.4 5.5	 1.1 COHO 1 8 7.3 4 85 INDX FOOT 20 60

080080 	 95/12/27 4.4 5.5 	 1.1 COHO 1 4 3.6 4 90 INDX FOOT 20 60

080080 	 96/10/09 0.0 4.4	 4.4 SOCK 2782 1245 4027 915.2 5 85 SUPP FOOT 60 11

080080 	 96/10/23 4.4 5.5	 1.1 CHIN 0 1 1 0.9 1 75 SUPP FOOT 45 20 30 0

080080 	 96/10/23 4.4 5.5	 1.1 COHO 18 0 18 16.4 4 75 INDX FOOT 15 20 30

080080 	 96/10/23 4.4 5.5 	 1.1 SOCK 68 108 176 160.0 5 75 SUPP FOOT 14 20 30 0

080080 	 96/10/30 1.3 4.4 	 3.1 SOCK 93 316 409 131.9 5 70 SUPP FOOT 60 11

080080 	 96/10/30 4.4 5.5 	 1.1 CHIN 1 1 2 1.8 1 75 SUPP FOOT 45 20 30 0

080080 	 96/10/30 4.4 5.5	 1.1 COHO 34 2 36 32.7 4 75 INDX FOOT 15 20 30 60 0

080080 	 96/10/30 4.4 5.5	 1.1 SOCK 29 66 95 86.4 5 75 SUPP FOOT 14 20 30 0

080080 	 96/11/06 4.4 5.5	 1.1 CHIN 0 2 2 1.8 1 85 SUPP FOOT 45 20 0

080080 	 96/11/06 4.4 5.5 	 1.1 COHO 34 4 38 34.5 4 85 INDX FOOT 15 20 60 0

080080 	 96/11/06 4.4 5.5 	 1.1 SOCK 1 7 8 7.3 5 85 SUPP FOOT 14 20 0

080080 	 96/11/13 4.8 0.0	 0.0 COHO 0 0 4 5 SPOT FOOT 25 39

080080 	 96/11/20 4.4 5.5	 1.1 COHO 11 14 12.7 4 75 INDX FOOT 20 31 60
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Stream: Little Bear Creel( ELECTROFISH DATA
Reach: 2 #1 sculpin = coastrange
Date: August 31, 2001 length = total length in inches
Seconds: 107
Setting: 60 Hz at 600 V
Site: Upstream 132nd Ave. NE

No. species length note
1 cutthroat 7.5
2 cutthroat 6.5
3 cutthroat 5.6
4 cutthroat 5.5
5 cutthroat 5.25
6 cutthroat 5
7 cutthroat 5
8 cutthroat 3.3
1 sculpin 4.5
2 sculpin 4.1
3 sculpin 3.8
4 sculpin 3.7
5 sculpin 3.6
6 sculpin 3.3
7 sculpin 3.3
8 sculpin 2.7
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Stream: Little Bear Cree ( ELECTROFISH DATA
Reach: 2 #3 sculpin = coastrange
Date: August 31, 2001 length = total length in inches
Seconds: 139
Setting: 60 Hz at 600 V
Site: Upstream 134th Ave NE

No. species length note
1 coho 3.4 wild
2 coho 3.2 wild
1 cutthroat 8.2
2 cutthroat 6.8
3 cutthroat 6.7
4 cutthroat 6
5 cutthroat 5.7
6 cutthroat 5.4
7 cutthroat 5.4
8 cutthroat 5.3
9 cutthroat 5.3
10 cutthroat 5.2
11 cutthroat 4.8
12 cutthroat 4.6
13 cutthroat 4.3
14 cutthroat 2.7
15 cutthroat 2.7
16 cutthroat 2.7
17 cutthroat 2.3
1 sculpin 4.4
2 sculpin 5.2
3 sculpin 3.7
4 sculpin 3.6
5 sculpin 3.2
6 sculpin 2.8
7 sculpin 2.5
8 sculpin 2.6
9 sculpin 1.5
10 sculpin 2.3
11 sculpin 2.7
12 sculpin 2.4
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Stream: Little Bear Creek ELECTROFISH DATA
Reach: 3 #2 sculpin = coastrange
Date: August 31, 2001 length = total length in inches
Seconds: 141
Setting: 60 Hz at 600 V
Site: Downstream 205th Street

No. Species Length Note No. Species Length Note
1 coho 3.25 wild 27 cutthroat 3.5
2 coho 3.25 wild 28 cutthroat 3.5
3 coho 3.25 wild 29 cutthroat 3
4 coho 3 wild 30 cutthroat 2.75
5 coho 3 wild 31 cutthroat 2.5
6 coho 3 wild 32 cutthroat 2.5
7 coho 3 wild 33 cutthroat 2.5
8 coho 3 wild 34 cutthroat 2.5
9 coho 3 wild 35 cutthroat 2.25
1 cutthroat 8.5 1 sculpin 2.75
2 cutthroat 8 2 sculpin 2.25
3 cutthroat 6.5 3 sculpin 2
4 cutthroat 6 4 sculpin 2
5 cutthroat 5.75 5 sculpin 1
6 cutthroat 5.5
7 cutthroat 5.25
8 cutthroat 5
9 cutthroat 5
10 cutthroat 5
11 cutthroat 5
12 cutthroat 4.75
13 cutthroat 4.75
14 cutthroat 4.5
15 cutthroat 4.5
16 cutthroat 4.25
17 cutthroat 4.25
18 cutthroat 4
19 cutthroat 4
20 cutthroat 4
21 cutthroat 4
22 cutthroat 3.75
23 cutthroat 3.5
24 cutthroat 3.5
25 cutthroat 3.5
26 cutthroat 3.5
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have been conducted on managed and unmanaged Forest stream systems. This has not been
completely analyzed and summarize, but will be in the near future. Once this is done, the Forest
will advocate for changing the criteria for this indicator.

(5) Pathway — Habitat Elements, indicator — Pool Frequency and Quality
This is another matrix indicator subject to change once the Forest completes the analysis and
interpretation of its stream inventory data
There is also a need to consider desired pool frequencies by channel type and channel gradients
based on some published channel classification system (e.g. Rosgen, Montgomery & Buffington)

(6) Pathway — Habitat Elements, Indicator — Large Pools
Large pools should be the primary pools and the size of these types of pools will need to be
tailored various sizes and types of channels. Also consider the needs of these two species and the
freshwater fife history stage when determining the size, frequency, and distribution of large
(primary) pools (e.g. spawning chinook salmon).

(7) Pathway — Channel Condition & Dynamics, Indicator — Average wetted width/max depth ratio
and streambank condition

These indicators and the associated criteria values need to be based on the geomorphic and
hydrology features of a watershed. A simple watershed classification based on these three
indicators needs to be developed and functioning criteria identified for watershed types. We
suggest that average bankfull measurement be made and not wetted.
The numeric values for this baseline may require modification after Forest stream survey data is
analyzed and evaluated for the different channel types found within the Forest boundaries.

(8) Pathway — Flow/Hydrology, Indicator — Change in Peak and Base Flows
This indicator needs to be linked to the disturbance history of the watershed. Flows can be
dramatically altered by the management and natural disturbance within a fifth field watershed.

(9) Pathway — Flow/Hydrology, Indicator increase in Drainage Network
This indicator needs to be linked to the road density indicator. Increases in road density in many
watersheds has been shown to increase the drainage network.

(10)Pathway —Watershed Conditions, Indicator — Road Density, and Disturbance History, and
Disturbance Regime

The MBS NF developed and implemented a hydrologic cumulative effects assessment for all of the
Forest's fifth field watersheds back in 1990 as a component of the old Forest Land Management
Plan. Each watershed was assessed for upstope and in-channel conditions. Management induced
disturbance (road building and timber harvesting) as well as natural disturbance events (floods)
were used to generate these assessments. Based on this assessment., watersheds were rated into
one of three conditions (acceptable, partially acceptable, and unacceptable). The recommendation
is to use the road and other disturbance history indicators from this assessment supplemented by
current watershed conditions to derive the current baseline condition for these three indicators (a
copy of this hydrologic cumulative assessment and the ratings for each fifth field watershed is
available from Jim Doyle).

(11) Pathway — Integration of Species and Habitat Conditions
This integration also needs to link to other fifth field watersheds in the river basin, if a similar
environmental baseline has been done for that watershed which would help facilitate species and
habitat integration at the 4th field level.
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bed

(D*)
qx-4•wea1qsumoo

LZ.E1'00:9I'IO/LT/90

I8"ZI'00:8T1I0/LT/90

17E'ZI'00:tq'TO/LI/90

81'ZI'00:81ITO/LT/90

98—IT'00:Ti10/LT/90

SZ—IT°00:TI'I0/LT/90

V6.01'00:01'IO/LT/90

6C0I'00:60'10/LT/90

6L.01'00:80q0/LT/90

6C01100:L0'I0/LI/90

6C01100:90'10/LT/90

176'01'00:S0'10/LT/90

SZ.II100:D'0'IO/L1/90

117—E1'00:E0'IO/LI/90

9S—WOO:ZOITO/L1/90

L8—EI'00:I0'I0/LT/90

80rZI100:00'10/LI/90

D'8"Z1j00:8Z'I0/91/90

617'ZI'00:ZZ'10/91/90

1e'ZI100:1VI0/91/90

E1'E1100:0VT0/91/90

ZT'E1'00:61'10/91/90

LZ.8E'00:8I'10/91/90

L1.8I'00:LI'10/91/90

18'ZI'00:91'10/91/90

18'Z1'00:SI'T0/91/90

17E.ZI-100:f/1j10/91/90

L8-11'00:8I'I0/91/90

98-11'00:ZI'I0/91/90

SZ.I1'00:0I'I0/91/90

SZ.II100:60'10/91/90

1-11100:80'TO/9T/90

T'I1'00:LO'I0/9I/90

SZ-11'00:90'10/91/90

SZ—W00:50'10/91/90

95'IT'00=E0'10/91/90

ZCI1'00:Z0'10/91/90

80'ZI'00:10'10/91/90

tq8"ZI'00:00'10/91/90

66'1I'00:8Z'10/S1/90

I8'ZI'00:ZZ'I0/SI/90

ZT.EI'00:TZ'10/S1/90

LZ.81'00:03'I0/81/90

LZ.81'00:61'I0/S1/90

Z.EI'00:8I'IO/S1/90
ainqeladmoIlat1I'aqe0



DownStream.txt
06/17/01,17:00,13.58
06/17/01,18:00,13.88
06/17/01,19:00,13.73
06/17/01,20:00,13.58
06/17/01,21:00,13.27
06/17/01,22:00,12.96
06/17/01,23:00,12.81
06/18/01,00:00,12.65
06/18/01,01:00,12.49
06/18/01,02:00,12.34
06/18/01,03:00,12.18
06/18/01,04:00,12.03
06/18/01,05:00,11.72
06/18/01,06:00,11.72
06/18/01,07:00,11.56
06/18/01,08:00,11.56
06/18/01,09:00,11.56
06/18/01,10:00,11.72
06/18/01,11:00,11.72
06/18/01,12:00,12.03
06/18/01,13:00,12.65
06/18/01,14:00,13.27
06/18/01,15:00,14.04
06/18/01,16:00,14.51
06/18/01,17:00,14.66
06/18/01,18:00,14.66
06/18/01,19:00,14.51
06/18/01,20:00,14.35
06/18/01,21:00,14.04
06/18/01,22:00,13.73
06/18/01,23:00,13.58
06/19/01,00:00,13.27
06/19/01,01:00,12.96
06/19/01,02:00,12.65
06/19/01,03:00,12.34
06/19/01,04:00,12.03
06/19/01,05:00,11.72
06/19/01,06:00,11.56
06/19/01,07:00,11.41
06/19/01,08:00,11.41
06/19/01,09:00,11.56
06/19/01,10:00,11.87
06/19/01,11:00,12.34
06/19/01,12:00,12.96
06/19/01,13:00,13.73
06/19/01,14:00,14.35
06/19/01,15:00,15.13
06/19/01,16:00,15.61
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8 obed

V0"LI'00:91'10/13/90
17.91'00:8I110/13/90

LL'SI'00:17VIO/13/90
8I'ST'00:81'I0/I3/90
IS.W00:3VIO/I3/90
88.81'00:11'I0/13/90
317-81100:01'I0/I3/90
3T'E1'00:60'IO/T3/90
96.1'00:80'10/13/90
96'31'00:L0'10/T3/90
31'81'00:90'10/13/90
ZV'E1100:80'I0PE3/90
EC81'00:F21'IO/13/90
170.61'00:80'10/I3/90
SE.t7I'00:30'I0/13/90
99.6I'00:10'10/I3/90
86'171

1
00:00'10/13/90

63'51'00:83'10/03/90
19"8-1'00:33'10/03/90
36-S1'00:13'TO/0Z/90
63.91'00:03'10/03/90
98'91'00:61'TO/03/90
3C9I'00:81'10/03/90
ZL'9I'00:LI'10/03/90
98'91100:91'10/03/90
80.91100:81'10/03/90
63.8I'00:17I'I0/03/90
99.61'00:8I'I0/03/90
170.171'00:3I'I0/03/90
L3'E1'00:11'10/03/90
18.31100:01'I0/03/90
89'31'00:60'10/03/90
617'3I'00:80'10/03/90
617'31'00:L0'10/03/90
89'31100:90'TO/03/90
96'31100:80'T0/03/90
L3"81'00: 0'10/03/90
8S-81'00:80'10/03/90
88'81'00:30'10/03/90
60.171100:10'10/03/90
88-61'00:00'TO/03/90
99-61'00:83'10/61/90
86'61'00:33'10/61/90
63'81'00:T3'TO/6T/90
S6"81'00:03'10/61/90
LL'S1'00:6IfT0/61/90
36'81'00:81'TO/6T/90
36"81'00:LI'I0/61/90

qx4-weaJ1sumoct



DownStream.txt
06/21/01,17:00,17.36
06/21/01,18:00,17.36
06/21/01,19:00,17.04
06/21/01,20:00,16.72
06/21/01,21:00,16.4
06/21/01,22:00,15.92
06/21/01,23:00,15.61
06/22/01,00:00,15.29
06/22/01,01:00,15.13
06/22/01,02:00,14.98
06/22/01,03:00,14.66
06/22/01,04:00,14.51
06/22/01,05:00,14.19
06/22/01,06:00,14.04
06/22/01,07:00,13.88
06/22/01,08:00,13.73
06/22/01,09:00,13.58
06/22/01,10:00,13.58
06/22/01,11:00,13.58
06/22/01,12:00,13.58
06/22/01,13:00,13.73
06/22/01,14:00,14.04
06/22/01,15:00,14.51
06/22/01,16:00,14.66
06/22/01,17:00,14.82
06/22/01,18:00,14.82
06/22/01,19:00,14.82
06/22/01,20:00,14.66
06/22/01,21:00,14.51
06/22/01,22:00,14.19
06/22/01,23:00,14.04
06/23/01,00:00,13.73
06/23/01,01:00,13.58
06/23/01,02:00,13.42
06/23/01,03:00,13.27
06/23/01,04:00,13.12
06/23/01,05:00,12.96
06/23/01,06:00,12.81
06/23/01,07:00,12.81
06/23/01,08:00,12.81
06/23/01,09:00,12.81
06/23/01,10:00,12.96
06/23/01,11:00,13.12
06/23/01,12:00,13.58
06/23/01,13:00,14.04
06/23/01,14:00,14.35
06/23/01,15:00,14.51
06/23/01,16:00,14.66
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S abed

TS.61'00:9I'I0/SZ/90
6I'6T°00:81'I0/01/90
88.81'00:6E'10/SZ/90
L1.81'00:E1'IO/SZ/90
T8'ZI'00:Z1'TO/01/90
66'1I'00:IT'I0/SZ/90
81.11100:0VT0/81/90
80r11'00:60'10/81/90
80'11'00:80°I0/SZ/90
LErTI'00:L0°TO/S1/90
80.ZT°00:90'10/01/90
80•ZI'00:50I0/SZ/90
81.11'00:t'O'I0/0/90
68"11100:E0'10/SZ/90
178.11100:30'IO/S/90
66.11100:10'10/03/90
09'31'00:00'10/03/90
S9.Z1IOO:3'T0/17Z/90
I8'31'00:ZZITO/61/90
3T'E1100:13'I0/63/90
3I'E1100:01/10/1/90
ZI"E1100:6VIO/63/90
ZI.EV00:8IIT0/17Z/90
3I-E1'00:LIITO/1/90
31-EI'00:91'10/3/90
31.81'00:SVI0/63/90
96.11100:61'I0/1/90
96"1I'00:81'I0/63/90
T8.1V00:-I'TO/Z/90
09.1I'00:IVTO/f73/90
617.11100:0I'IO/3/90
68"3I'00:60'TO/63/90
6E'ZI100:80'10/90
6E.11100:LO'10/6Z/90
6"ZI'00:90'T0/63/90
S9'31'00:SO'T0/3/90
96.ZT100:D'O'I0/3/90
ZI'E1'00:80'10/1/90
LZ.ET'00:ZO'IO/61/90
36'E1'00:I0'IO/63/90
EL.81'00:00110/fr1/90
88.0I'00:01'I0/1/90
61.17I'00:10/3/90
00-6I'00:T1'TO/0Z/90
99-61'00:03'TO/83/90
Z8'61'00:6I'I0/83/90
38.17I'00:8I'TO/1/90
99'171'00:L1'TO/8Z/90

qxq•weaT4sumoo



DownStream.txt
06/25/01,17:00,14.82
06/25/01,18:00,14.82
06/25/01,19:00,14.82
06/25/01,20:00,14.66
06/25/01,21:00,14.51
06/25/01,22:00,14.19
06/25/01,23:00,13.88
06/26/01,00:00,13.58
06/26/01,01:00,13.27
06/26/01,02:00,13.12
06/26/01,03:00,12.96
06/26/01,04:00,12.65
06/26/01,05:00,12.49
06/26/01,06:00,12.34
06/26/01,07:00,12.34
06/26/01,08:00,12.34
06/26/01,09:00,12.34
06/26/01,10:00,12.49
06/26/01,11:00,12.65
06/26/01,12:00,12.96
06/26/01,13:00,13.58
06/26/01,14:00,14.19
06/26/01,15:00,14.82
06/26/01,16:00,14.98
06/26/01,17:00,15.13
06/26/01,18:00,15.13
06/26/01,19:00,14.98
06/26/01,20:00,14.82
06/26/01,21:00,14.82
06/26/01,22:00,14.66
06/26/01,23:00,14.51
06/27/01,00:00,14.35
06/27/01,01:00,14.19
06/27/01,02:00,14.04
06/27/01,03:00,14.04
06/27/01,04:00,13.88
06/27/01,05:00,13.73
06/27/01,06:00,13.58
06/27/01,07:00,13.58
06/27/01,08:00,13.58
06/27/01,09:00,13.58
06/27/01,10:00,13.73
06/27/01,11:00,13.73
06/27/01,12:00,14.04
06/27/01,13:00,13.88
06/27/01,14:00,14.98
06/27/01,15:00,14.82
06/27/01,16:00,14.66
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L abed

6-S-I100:9I'1O/63/90

38-6I'00:ST'IO/63/90

6I'6T'00:WIO/63/90

85-81'00:1'10/63/90

3I'81'00:3I'I0/63/90

6E7'31'00:11'TO/6Z/90

E0'3-1'00:01'10/63/90

3L-TI'00:60'10/61/90

9S-T1100:80'10/6Z/90

9S'I1I00:LVT0/63/90

n'IT'00:90'I0/63/90

E0'3I'00:S0'10/63/90

81.31'00:V0'10/63/90

6-3-Ej00:80'10/63/90

I8.31100:3O'IO/63/90

96-Z1'00:T0'TO/6Z/90

L3'E1'00:00'10/63/90

8S.81'00:83'10/83/90

8L.EI'00:33'I0/83/90

60-6i'00:13'10/83/90

S8"6I'00:0Z'TO/83/90

'5-61'00:61'10/83/90

IS.61'00:81'10/83/90

IS'6I'0O:LT'IO/8Z/90

TS.6I'00:9T'I0/83/90

SE'61'00:ST'10/83/90

61'61'00:WI0/83/90

60.61100:E1I10/83/90

EC8Y00:31'I0/83/90

L3-EVOO:TIII0/83/90

-C'E1'00:0TIT0/83/90

ZI'81'00:60'I0/83/90

3I'E1'00:80'10/83/90

Z1'E1'00:L0'10/83/90

LZ.8I'00:90'10/83/90

LZ"U['00:S0'10/83/90

36.1'00:60'I0/83/90

8q.EI'00:80'10/83/90

[_."E1'00:30'10/8/90

8EF81'00:10'10/83/90

88-81'00:00'TO/83/90

60'6E100:El'IO/L/90

6T'61'00:33/TO/LZ/90

S8"T'00:-H'IO/LZ/90

IS.61'00:0ZITO/LZ/90

86.61'00:6III0/LZ/90

8L'ET'00:8I'T0/LZ/90

86°61'00:LT'IO/LZ/90
-4X4'111P@J4SUMOG



DownStream.txt
06/29/01,17:00,15.61
06/29/01,18:00,15.61
06/29/01,19:00,15.29
06/29/01,20:00,15.13
06/29/01,21:00,14.82
06/29/01,22:00,14.51
06/29/01,23:00,14.19
06/30/01,00:00,14.04
06/30/01,01:00,13.73
06/30/01,02:00,13.42
06/30/01,03:00,13.12
06/30/01,04:00,12.81
06/30/01,05:00,12.49
06/30/01,06:00,12.18
06/30/01,07:00,12.03
06/30/01,08:00,12.03
06/30/01,09:00,12.18
06/30/01,10:00,12.49
06/30/01,11:00,12.96
06/30/01,12:00,13.42
06/30/01,13:00,14.04
06/30/01,14:00,14.66
06/30/01,15:00,15.13
06/30/01,16:00,15.45
06/30/01,17:00,15.61
06/30/01,18:00,15.61
06/30/01,19:00,15.45
06/30/01,20:00,15.29
06/30/01,21:00,14.98
06/30/01,22:00,14.66
06/30/01,23:00,14.35
07/01/01,00:00,14.19
07/01/01,01:00,13.88
07/01/01,02:00,13.73
07/01/01,03:00,13.42
07/01/01,04:00,13.12
07/01/01,05:00,12.96
07/01/01,06:00,12.81
07/01/01,07:00,12.81
07/01/01,08:00,12.65
07/01/01,09:00,12.81
07/01/01,10:00,12.81
07/01/01,11:00,13.12
07/01/01,12:00,13.58
07/01/01,13:00,14.35
07/01/01,14:00,14.82
07/01/01,15:00,15.13
07/01/01,16:00,15.61
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6 abed

98.91100:9I'IO/80/L0
01.9I'00:STITO/E0/L0
T9.8-E'00:T°I0/0/L0
86"01'00:81'IO/80/L0
88.171'00:ZIAT0/E0/L0

L_.-8E'00:ITIT0/0/L0
LZ.E1'00:01'I0/0/L0
96.11'00:60'10/0/L0
18'11'00:801I0/0/L0
I8"11'00:LO'IO/E0/L0
ZI.E1'00:90'I0/80/L0
LZ.81'00:801I0/0/L0
88.81'00:170'10/0/L0
88.8E'00:01I0/E0/L0
6T-01'00:Z0'I0/0/L0
TS'I'00:I0'I0/E0/L0
Z8.01'00:001I0/0/L0
81'81'00:811'0/Z0/LO

6Z'ST100:ZZ'10/N/L0

LCC1IOO:TZ'TO/Z0/L0

80'91'00:01110/Z0/LO

0.91'00:61'I0n0/L0
0.91'00:81'I0/ZO/L0
0'91'00:LI'TORO/L0
Z.9-[100:9I'I0/ZO/L0

LL.ST'00:8I'IO/N/L0
E1'51'00:0EI10/Z0/L0
58"01'00:81'I0/Z0/L0
L_..81100:11110/ZO/L0

3I'81'00:11'IO/Z0/L0
S9'1I'00:01'I0/Z0/LO
08"11'00:60'I0/Z0/L0
81.11'00:80110/Z0/L0
8T-1I'00:LOIT0/ZO/L0

08.11100:90110/Z0/L0

89.11'00:80110/Z0/L0
96.11100:01I0/Z0/L0
LZ.E1'00:80'I0/Z0/L0
88.8E100:10'I0R0/L0

88.I'00:I0'I0/Z0/L0
61.01'00:001I0/30/L0
1S.01'00:81dI0/I0/L0

Z8'0E'00:ZZI10/I0/L0

81.ST100:111I0/I0/L0
S0'ST'00:01'10/10/L0
LL'SI'00:61/10/T0/L0
6.ST100:8III0/10/L0
LL'51'00:LII10/I0/L0

qx4-mea34sumou



DownStream.txt
07/03/01,17:00,16.88
07/03/01,18:00,16.88
07/03/01,19:00,16.88
07/03/01,20:00,16.56
07/03/01,21:00,16.24
07/03/01,22:00,15.92
07/03/01,23:00,15.61
07/04/01,00:00,15.29
07/04/01,01:00,15.13
07/04/01,02:00,14.82
07/04/01,03:00,14.51
07/04/01,04:00,14.19
07/04/01,05:00,13.88
07/04/01,06:00,13.58
07/04/01,07:00,13.42
07/04/01,08:00,13.42
07/04/01,09:00,13.58
07/04/01,10:00,13.88
07/04/01,11:00,14.35
07/04/01,12:00,14.98
07/04/01,13:00,15.77
07/04/01,14:00,16.4
07/04/01,15:00,17.04
07/04/01,16:00,17.36
07/04/01,17:00,17.67
07/04/01,18:00,17.67
07/04/01,19:00,17.36
07/04/01,20:00,17.04
07/04/01,21:00,16.4
07/04/01,22:00,15.92
07/04/01,23:00,15.61
07/05/01,00:00,15.29
07/05/01,01:00,14.98
07/05/01,02:00,14.82
07/05/01,03:00,14.51
07/05/01,04:00,14.35
07/05/01,05:00,14.19
07/05/01,06:00,14.04
07/05/01,07:00,13.88
07/05/01,08:00,13.73
07/05/01,09:00,13.73
07/05/01,10:00,13.73
07/05/01,11:00,13.88
07/05/01,12:00,14.19
07/05/01,13:00,14.66
07/05/01,14:00,14.98
07/05/01,15:00,15.61
07/05/01,16:00,16.08
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II abed

D''9I°00:911i0/L0/L0

Z6.0I'00:01I10/L0/L0

6Z.S1'00:V1'TO/LO/L0

99-W00:01'10/L0/L0

170"W00:ZIIT0/LO/L0

Z17"81'00:1III0/LO/L0

96.Z1'00:01'IO/LO/L0

09.Z1'00:60'I0/LO/L0

09.ZT'00:801TO/LO/L0

09-ZI'00:LO'TO/LO/L0

T8"ZI'00:90'10/L0/L0

ZI.01'00:001TO/L0/L0

LZ.EI'00:170110/LO/L0

80.01100:01TO/LO/L0

D'0'T'00:Z0ITO/LO/L0

6T.W00:I0'IO/L0/L0

99.W00:00'IO/LO/L0

Z8"W00:ZII0/90/L0

8E.STI00:ZZ'IO/90/L0

19"SI'00:1Z'IO/90/L0

Z6-01'00:0ZIT0/90/L0

D'Z'91'00:6I1T0/90/L0

V9I'00:8T'IO/90/L0

f7.9T'00:L1II0/90/L0

Z.91100:9T'T0/90/L0

LL'SI'00:0T1T0/90/L0

UL"SI'00:f7T1-10/90/L0

TS'T'00:01'10/90/LO

88"01'00: 1'10/90/L0

Z.EI100:ITITO/90/L0

96.ZT'00:0TiT0/90/L0

09.ZI'00:60'10/90/L0

S9"ZI'00:801T0/90/L0

09.Z1'00:L01-10/90/L0

18-Z1'00:90'TO/90/L0

ZI'ET'00:SOI10/90/L0

Li'01'00:D'0'T0/90/L0

80.01'00:00'10/90/L0

88'01'00:Z0IT0/90/L0

61-W00:T0'TO/90/LO

IS-WOO:001'0/90/LO

Z8'WOO:ZI10/S0/L0

81'SI'00:ZVT0/S0/L0

S'SI'00:-H'TO/CO/L0
LCS1100:0ZIT0/S0/L0

80'9-Y00:61110/S0/LO

t/.9I'00:8-EiT0/0/L0

bZ.9I'00:LTI10/S0/L0
qxq-meGJqsumoo



DownStream.txt
07/07/01,17:00,16.56
07/07/01,18:00,16.72
07/07/01,19:00,16.56
07/07/01,20:00,16.08
07/07/01,21:00,15.77
07/07/01,22:00,15.45
07/07/01,23:00,15.13
07/08/01,00:00,14.82
07/08/01,01:00,14.66
07/08/01,02:00,14.35
07/08/01,03:00,14.04
07/08/01,04:00,13.88
07/08/01,05:00,13.58
07/08/01,06:00,13.27
07/08/01,07:00,13.12
07/08/01,08:00,13.12
07/08/01,09:00,13.27
07/08/01,10:00,13.58
07/08/01,11:00,14.04
07/08/01,12:00,14.66
07/08/01,13:00,15.29
07/08/01,14:00,15.92
07/08/01,15:00,16.56
07/08/01,16:00,17.04
07/08/01,17:00,17.36
07/08/01,18:00,17.36
07/08/01,19:00,17.19
07/08/01,20:00,16.88
07/08/01,21:00,16.56
07/08/01,22:00,16.08
07/08/01,23:00,15.77
07/09/01,00:00,15.61
07/09/01,01:00,15.29
07/09/01,02:00,14.98
07/09/01,03:00,14.66
07/09/01,04:00,14.51
07/09/01,05:00,14.19
07/09/01,06:00,14.04
07/09/01,07:00,13.73
07/09/01,08:00,13.73
07/09/01,09:00,13.88
07/09/01,10:00,14.04
07/09/01,11:00,14.66
07/09/01,12:00,15.29
07/09/01,13:00,15.92
07/09/01,14:00,16.56
07/09/01,15:00,17.19
07/09/01,16:00,17.67
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I abed

IS'LI'00:9I'I0/II/L0
P0.LI'00:8I'10/TI/L0

'.91100:V1'IO/TT/L0
Z6"S1'00:8II10/TI/L0
6Z"ST'00:ZIjT0/T1/L0
99"1'00:IIII0/11/L0
61.17T'00:01110/TT/L0
88°T100:60110/IT/L0
88.81100:80110/II/L0
f70.171°00:L0IT0/II/L0
61.W00:90'I0U1T/L0
IS-W00:80110/T1/L0
Z8.t7T'00:VOI10/IT/L0
86.f7I'00:8O'10PIT/L0

6Z.ST'00:Z0I10/TT/L0
LCSI'00:10'10/TT/L0
Z6-ST'00:00110/II/L0

'.91'00:EZI-E0/01/L0
ZL'91'00:ZZ'10/01/L0

'LI'00:IZIT0/0T/L0
98"LT100:0VI0/OT/L0
L9"LI'00:61I10/01/L0
66.LI'00:81110/0I/L0
66-L1'00:LT1T0/01/L°
88.LT'00:91'I0/0I/L0
98"LT'00:81I10/01/L0
ZU91'00:W10/OT/L0
Z6.81'00:81I10/01/L0
6Z.SI'00:ZT1T0/01/L0
Z8.17I°00:1II10/01/L0
99"W00:0II10/0T/L0
S8°VI'00:60110/0T/L0
6I'V1'00:80'10/0T/L0
61.1'00:LOA10/01/L0
TS.W00:90°10/01/L0
99.W00:80110/0I/L0
86-'I'00: 0'10/0T/L0
6Z.S1'00:80110/0T/L0
19'81'00:0110/01/L0
LUS1100:I0'T0/01/L0
80.91'00:00'10/0T/L0

f7.91'00:V10/60/L0
n'91'00:ZZ'T0/60/L0
V0'LT'00:TZIT0/60/L0
IS.LT'00:0V10/60/L0
88-LI'00:61IT0/60/L0
88.LV00:8III0/60/L0
88'LT/00:L1'TO/60/L0

qxq-wea3qsumou



DownStream.txt
07/11/01,17:00,17.83
07/11/01,18:00,17.83
07/11/01,19:00,17.67
07/11/01,20:00,17.36
07/11/01,21:00,17.04
07/11/01,22:00,16.56
07/11/01,23:00,16.24
07/12/01,00:00,15.92
07/12/01,01:00,15.61
07/12/01,02:00,15.29
07/12/01,03:00,15.13
07/12/01,04:00,14.82
07/12/01,05:00,14.51
07/12/01,06:00,14.19
07/12/01,07:00,14.04
07/12/01,08:00,13.88
07/12/01,09:00,13.88
07/12/01,10:00,14.04
07/12/01,11:00,14.51
07/12/01,12:00,14.66
07/12/01,13:00,14.98
07/12/01,14:00,15.13
07/12/01,15:00,15.45
07/12/01,16:00,15.61
07/12/01,17:00,15.92
07/12/01,18:00,16.08
07/12/01,19:00,16.08
07/12/01,20:00,15.92
07/12/01,21:00,15.61
07/12/01,22:00,15.29
07/12/01,23:00,15.13
07/13/01,00:00,14.98
07/13/01,01:00,14.66
07/13/01,02:00,14.51
07/13/01,03:00,14.35
07/13/01,04:00,14.04
07/13/01,05:00,13.73
07/13/01,06:00,13.58
07/13/01,07:00,13.42
07/13/01,08:00,13.27
07/13/01,09:00,13.42
07/13/01,10:00,13.42
07/13/01,11:00,13.58
07/13/01,12:00,13.88
07/13/01,13:00,14.04
07/13/01,14:00,14.19
07/13/01,15:00,14.66
07/13/01,16:00,15.13
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ST abed

ZI.ET'00:9T1I0/ST/L0
LZ.ET100:STATO/SI/L0
LZ.8[100:17VIO/SI/L0
LZ.8[100:ETITO/ST/L0
LZ.ET'00:ZI'T0/ST/L0
LZ.EI°00:TIIT0/ST/L0
LZ.EI100:0TITO/ST/L0
LZ"8[100:60'IO/SI/L0
LZ.8['00:80'I0/ST/L0
Z.ET'00:L0IT0/ST/L0
8g.8Y00:90/TO/Cl/L0
8S.I'00:SVIO/ST/L0
[_..EI'00:N)ITO/ST/L0

88.ET'00:E0'IO/ST/L0
6T.T'00:ZOITO/ST/L0
S8"0T'00:T0IT0/ST/L0
TS.0E'00:001T0/ST/L0
Ze'0T'00:11T0/0I/L0
81'ST'00:ZZITO/01/LO
T9'gT100:IZIT0/0T/L0
80'9I'00:01'10M71/L0
0'91100:61j10/0T/L0
0-9-L100:81IT0/0I/L0

80"9['00:LTAT0/171/L0
Z6'SI100:9TJTO/0T/L0
I9"ST'00:STITO/I/L0
8E'ST'00:1ITO/0I/L0
TS-PT'00:WI0/171/L0
00'0I°OO:Z1'IO/T/L0
8S.8Y00:T1'I0/0T/L0
ZI.8[100:0TITO/i7I/L0
18"W00:60dI0/17T/L0
S9'Zi'00:801-10/T/L0
I8'11'00:L0ITO/0q/L0
96-ZT'00:90110/0T/L0
11'ETI00:50IT0/0T/L0
Z.LE'00:01-E0/WL0
8S-8E'00:80'T0/01/L0
88"8[100:101T0/0T/L0
61'01'00:10110/f7T/L0
58"01'00:00'10/01/L0
IS'0['00:ZITO/8I/L0
99-01'00:ZZ'T0/8[/L0
86'01'00:I1i10/8T/L0
8I.ST'00:011TO/81/L0
S0'SI'00:6T'IO/ET/L0
So'gI'00:81'TO/8I/L0
S0'S1'00:LI'IO/ET/L0

qxq-weaJqsumou



DownStream.txt
07/15/01,17:00,13.12
07/15/01,18:00,13.12
07/15/01,19:00,13.12
07/15/01,20:00,13.12
07/15/01,21:00,13.42
07/15/01,22:00,13.88
07/15/01,23:00,14.19
07/16/01,00:00,14.04
07/16/01,01:00,13.88
07/16/01,02:00,13.58
07/16/01,03:00,13.27
07/16/01,04:00,13.12
07/16/01,05:00,13.12
07/16/01,06:00,12.96
07/16/01,07:00,12.81
07/16/01,08:00,12.96
07/16/01,09:00,13.42
07/16/01,10:00,13.27
07/16/01,11:00,13.42
07/16/01,12:00,13.58
07/16/01,13:00,13.73
07/16/01,14:00,13.88
07/16/01,15:00,13.88
07/16/01,16:00,13.88
07/16/01,17:00,14.04
07/16/01,18:00,14.51
07/16/01,19:00,14.19
07/16/01,20:00,14.04
07/16/01,21:00,14.04
07/16/01,22:00,13.88
07/16/01,23:00,13.73
07/17/01,00:00,13.58
07/17/01,01:00,13.27
07/17/01,02:00,13.27
07/17/01,03:00,13.12
07/17/01,04:00,13.27
07/17/01,05:00,13.27
07/17/01,06:00,13.12
07/17/01,07:00,13.12
07/17/01,08:00,13.12
07/17/01,09:00,12.96
07/17/01,10:00,12.96
07/17/01,11:00,13.12
07/17/01,12:00,13.27
07/17/01,13:00,13.58
07/17/01,14:00,13.88
07/17/01,15:00,14.04
07/17/01,16:00,14.04
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LT abed

19-S1'00:91'10/61/L0

ET'STIOO:STIT0/6T/L0

86'61'00:6II10/6T/L0

1E'6I'00:E1'10/6I/L0

'6I'00:Z1'I0/6T/L0

88"EI'00:TIII0/6I/L0

8S"5E'00:01'I0/6T/L0

Z6'51'00:60'10/6I/L0

LZ.ET'00:80110/6I/L0

LZ.EI'00:LO110/6I/L0

LZ.E1100:90'10/6T/L0

ZE7'L1'00:SOI10/61/L0

Z6'W00:t'0110/61/L0

8S'E1100:E0'10/6I/L0

L-51'00:Z01I0/61/L0

88.E1'00:10'10/6T/L0

170-61'00:00'T0/61/LO

61.1'00:EZIT0/81/L0

6T-61'00:ZZ'10/81/L0

55"61'00:TZd10/8I/L0

15.61'00:0ZI10/8I/L0

1S.61'00:61I10/81/L0

TS'1'00:81IT0/81/L0

TE'6I'00:LTI10/81/L0

TS.W00:9TIT0/8I/L0

SU6E'00:STI10/8T/L0

SS' f7T'00:VE'T0/8T/L0

'6E'00:1110/8I/L0

8S'E1'00:ZTI10/8T/L0

0.E1100:1I110/8T/L0

LZ.LI'00:0TIT0/81/L0

ZI'LL'00:60'10/81/L0

ZI.E1'00:80'10/81/L0

ZI'51'00:L0110/8T/L0

-L'E1'00:90'10/81/L0

LZ.ET'00:S0'10/8T/L0

0'E1'00:00I10/8T/L0

8S'E1'00:50f10/8I/L0

/,'E1100:ZOITO/8I/L0

U.--['00:10'10/81/L0

88.51'00:00110/8T/L0

60*6E'00:EZITO/L1/L0

60.61'00:ZV10/LI/L0

61.61'00:TZ'10/LT/L0

6I'61'00:0ZI10/L1/L0

SE-6E100:61110/LT/L0

SE'0E'00:81IT0/LI/L0

6I'6E'00:LT'T0/LT/L0
4X4'WPOI4SUMOG



DownStream.txt
07/19/01,17:00,15.92
07/19/01,18:00,15.77
07/19/01,19:00,15.61
07/19/01,20:00,15.45
07/19/01,21:00,15.13
07/19/01,22:00,14.98
07/19/01,23:00,14.66
07/20/01,00:00,14.51
07/20/01,01:00,14.19
07/20/01,02:00,14.04
07/20/01,03:00,13.73
07/20/01,04:00,13.58
07/20/01,05:00,13.27
07/20/01,06:00,13.12
07/20/01,07:00,13.12
07/20/01,08:00,12.96
07/20/01,09:00,13.12
07/20/01,10:00,13.27
07/20/01,11:00,13.58
07/20/01,12:00,14.19
07/20/01,13:00,14.35
07/20/01,14:00,14.66
07/20/01,15:00,14.82
07/20/01,16:00,14.82
07/20/01,17:00,14.98
07/20/01,18:00,15.13
07/20/01,19:00,15.29
07/20/01,20:00,15.29
07/20/01,21:00,15.13
07/20/01,22:00,14.82
07/20/01,23:00,14.66
07/21/01,00:00,14.51
07/21/01,01:00,14.35
07/21/01,02:00,14.19
07/21/01,03:00,14.04
07/21/01,04:00,13.88
07/21/01,05:00,13.88
07/21/01,06:00,13.73
07/21/01,07:00,13.73
07/21/01,08:00,13.58
07/21/01,09:00,13.58
07/21/01,10:00,13.58
07/21/01,11:00,13.73
07/21/01,12:00,13.73
07/21/01,13:00,13.88
07/21/01,14:00,14.04
07/21/01,15:00,14.19
07/21/01,16:00,14.51
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61 Gibed

9S.91'00:9I'IO/U/L0
VZ.91'00:STITO/U/L0
LL'SI°00:VtdIO/EZ/L0
ET'SV00:ET'TO/EZ/L0
TS"f71j00:ZT'IO/U/L0
88°U[100:IT'10/U/L0
8S'ET100:01'1O/ML0
Zt7.E1'00:60'10/EZ/L0
L1'UL'00:80'10/EZ/L0
ZD'EV00:L0'IO/U/L0
ZVET'00:901TO/U/L0
Z.UP'00:50I10/EZ/L0
85-E-1'00:170110/EVLO
ECEI100:WTO/EZ/L0
V0'1'00:ZOITO/EZ/L0
6-E.W00:101-10/EZ/L0
SUf/T'00:00110/U/L0
TS.VI'00:UITO/MLO
99.T'00:Z3°10/ZZ/L0
86'171'00:IZ'IO/MLO
UL.ST'00:0Z'IO/ZZ/L0
6Z.ST'00:61'10/ML0
6Z.ST'00:8VIO/MLO
6Z"Si'00:LTIT0/ML0
86.W00:91'10/ZZ/L0
99-W00:STIIWZ/L0
SU6I'OO:VIIINZZ/L0
61.tiT'00:EI'IORZ/L0
88'LL'00:zT'io/zz/Lo
EL'ET'00:11I10/ML0
eS'LE'00:01I10/MLO
8S"U[100:601-10/ML0
8S'ET'00:801TO/MLO
8S-LE'00:L0'I0/ZZ/L0
8S'ET'00:90/I0/ML0
EL'EI'00:SOITO/ZULO

L_.-UCj00:170110/ZZ/L0
88.ETj00:WI0/ZUL0
88.ET'00:ZO'IOnZ/L0
88.LY00:101TO/MLO
t'o-Woo:oo'io/zz/Lo
60.171100:TO/IZ/L0
61.171100:ZZII0/TUL0
SUWOO:IZITO/TULO
SU6T'00:OZITO/TZ/L0
TS.W00:611I0/1/L0
TS-61'00:81110/1ULO
Is'6V00:LTJT0/i3/Lo

qx4-wealqsumoct



DownStream.txt
07/23/01,17:00,16.72
07/23/01,18:00,16.72
07/23/01,19:00,16.88
07/23/01,20:00,16.56
07/23/01,21:00,16.24
07/23/01,22:00,16.08
07/23/01,23:00,15.77
07/24/01,00:00,15.77
07/24/01,01:00,15.61
07/24/01,02:00,15.45
07/24/01,03:00,15.29
07/24/01,04:00,15.13
07/24/01,05:00,14.98
07/24/01,06:00,14.82
07/24/01,07:00,14.66
07/24/01,08:00,14.66
07/24/01,09:00,14.66
07/24/01,10:00,14.66
07/24/01,11:00,14.82
07/24/01,12:00,14.98
07/24/01,13:00,15.29
07/24/01,14:00,15.61
07/24/01,15:00,16.24
07/24/01,16:00,16.4
07/24/01,17:00,16.4
07/24/01,18:00,16.4
07/24/01,19:00,16.4
07/24/01,20:00,16.24
07/24/01,21:00,15.92
07/24/01,22:00,15.61
07/24/01,23:00,15.45
07/25/01,00:00,15.13
07/25/01,01:00,14.98
07/25/01,02:00,14.66
07/25/01,03:00,14.51
07/25/01,04:00,14.19
07/25/01,05:00,14.04
07/25/01,06:00,13.73
07/25/01,07:00,13.58
07/25/01,08:00,13.58
07/25/01,09:00,13.58
07/25/01,10:00,13.73
07/25/01,11:00,14.19
07/25/01,12:00,14.82
07/25/01,13:00,15.29
07/25/01,14:00,15.92
07/25/01,15:00,16.56
07/25/01,16:00,16.88
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Tz abed

SE-W00:9IIIO/L2/L0

6T.6I100:8III0/LZ/L0
P0'tq'00:6TITO/LZ/L0
170.17T'00:81'TO/LULO

88.8E'00:ZTIT0/LZ/L0

88.81100:TTIT0/LUL0

88.81100:0IjI0/LZ/L0

88.81'00:601I0/LZ/L0

88.81'00:801I0/LZ/L0

170.61'00:L0'T0/LZ/L0

61.61'00:90'10/LUL0

S8'W00:80110/LVL0

TS'6T100:60'TO/LZ/L0

28.17I'00:0'I0/LZ/L0

86.61'00:20I10/LUL0

62.51'00:T0IT0/LUL0

817-81'00:00110/LUL0

LL'81100:EZ'T0/9Z/L0

26'51'00:ZV10/9Z/L0

17-91'00:1VI0/9Z/L0

n'91100:0VT0/9Z/L0

88.91'00:61'10/9Z/L0

60.LI100:8TITO/9Z/L0

60'L1'00:LT'10/9Z/L0

n'9I'00:91'10/9Z/L0

LCSI'00:6TITO/9Z/L0

6Z-SI'00:81'10/9ULO

99'61'00:ZIjI0/9Z/L0

6I'61'00:IVT0/9Z/L0

88.81100:0TIT0/9Z/L0

ECEI'00:60'10/9Z/L0

EL'81'00:80'10/9Z/L0

8L'81'OO:LOIT0/9Z/L0

60.17I'00:90'10/9Z/L0

6T'T'00:80d10/9Z/L0

TS.6I'00:170'10/9Z/L0

28.17I100:80'10/9Z/L0

E1'SI100:Z0'10/9Z/L0

6Z-ST'00:10I10/9Z/L0

T9'ST100:001I0/9Z/L0

LL'ST'00:82'10/SZ/L0

80.9I'00:ZZ'I0/SZ/L0

6.91'00:-EZ'TO/SUL0

n'91100:0VI0/SUL0

60'L1'00:61I10/SZ/L0

61'LT'00:211I0/SZ/L0

61 LT'00:LI'TO/SUL0
1x.4•weaaqsumou



DownStream.txt
07/27/01,17:00,14.66
07/27/01,18:00,14.66
07/27/01,19:00,14.66
07/27/01,20:00,14.66
07/27/01,21:00,14.51
07/27/01,22:00,14.51
07/27/01,23:00,14.35
07/28/01,00:00,14.35
07/28/01,01:00,14.19
07/28/01,02:00,14.19
07/28/01,03:00,14.19
07/28/01,04:00,14.19
07/28/01,05:00,14.66
07/28/01,06:00,14.82
07/28/01,07:00,14.82
07/28/01,08:00,14.66
07/28/01,09:00,14.66
07/28/01,10:00,14.51
07/28/01,11:00,14.66
07/28/01,12:00,14.66
07/28/01,13:00,14.35
07/28/01,14:00,14.35
07/28/01,15:00,14.35
07/28/01,16:00,14.19
07/28/01,17:00,14.19
07/28/01,18:00,13.88
07/28/01,19:00,13.88
07/28/01,20:00,13.73
07/28/01,21:00,13.58
07/28/01,22:00,13.42
07/28/01,23:00,13.27
07/29/01,00:00,13.27
07/29/01,01:00,13.12
07/29/01,02:00,13.12
07/29/01,03:00,12.96
07/29/01,04:00,12.96
07/29/01,05:00,12.96
07/29/01,06:00,12.81
07/29/01,07:00,12.81
07/29/01,08:00,12.81
07/29/01,09:00,12.81
07/29/01,10:00,12.96
07/29/01,11:00,13.12
07/29/01,12:00,13.58
07/29/01,13:00,14.04
07/29/01,14:00,14.04
07/29/01,15:00,14.35
07/29/01,16:00,14.51
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£Z abed

IS.6E'00:9T'IO/U/L0
cU6V00:0VIO/TE/L0
61.61'00:6T'TO/TE/L0
60.61'00:W10/IE/L0
80.0T'00:1IIT0/1E/L0
LT.W00:11'I0/U/L0
ZI.E1'00:01'IO/1£/L0
Z1'E1'00:60'10/IE/L0
96.11'00:80'10/1E/L0
Z1'E1'00:LVTO/U/L0
LZ.E1100:9011O/IE/L0
ZE1'00:SOITO/U/L0
8S'E1'00:60'IO/1£/L0
88.E1°00:WTO/IE/L0
170.61'00:Z0'TO/TULO
6I'61'00:TVTO/TE/L0
SU61'00:00110/TE/L0
IS'61'00:EZITO/0E/L0
99"6I'00:11jI0/0E/L0
18-6i'00:TIO/0E/L0
Z8.171'00:011I0/0E/L0
86.61'00:61110/0E/L0
86.61'00:81ITO/0E/L0
86-6T'00:LiiI0/0E/L0
Z8-6 T'00:91IT0/0/L0
SE'6E'00:STIT0/0E/L0
60.61'00:6Id10/0/L0
88-W00:W-10/0/L0
Z.W00:Z1IT0/OE/L0
96.11'00:I1'T0/0/L0
S9-ZI'00:01'i0/0E/L0
17E'11'00:60'10/0/L0
81.11'00:80110/0E/L0
6E.11'00:L0ITO/0/L0
617'ZT'00:90'10/0/L0
S9'ZI'00:SOI10/0/L0
I8.11'00:1701I0/0E/L0
96.11'00:H'IO/0E/L0
LZ.E1'00:ZOITO/0E/L0
Z6'EV00:101-10/0E/L0
ECE1100:00'10/0E/L0
88.E1'00:81I10/6Z/L0
60"61'00:1110/6Z/L0
SU6T'00:IZ'10/6Z/L0
IS.6I'00:0ZIT0/6Z/L0
99-61'00:611I0/6/L0
Z8"61'00:8I110/6Z/L0
99.17I'00:LIjT0/6/L0

qxq•mealqsumou



DownStream.txt
07/31/01,17:00,14.66
07/31/01,18:00,14.82
07/31/01,19:00,14.82
07/31/01,20:00,14.82
07/31/01,21:00,14.51
07/31/01,22:00,14.35
07/31/01,23:00,14.04
08/01/01,00:00,13.88
08/01/01,01:00,13.73
08/01/01,02:00,13.42
08/01/01,03:00,13.27
08/01/01,04:00,12.96
08/01/01,05:00,12.81
08/01/01,06:00,12.65
08/01/01,07:00,12.49
08/01/01,08:00,12.49
08/01/01,09:00,12.65
08/01/01,10:00,12.81
08/01/01,11:00,13.12
08/01/01,12:00,13.42
08/01/01,13:00,13.73
08/01/01,14:00,13.88
08/01/01,15:00,14.04
08/01/01,16:00,14.19
08/01/01,17:00,14.35
08/01/01,18:00,14.35
08/01/01,19:00,14.35
08/01/01,20:00,14.35
08/01/01,21:00,14.19
08/01/01,22:00,14.19
08/01/01,23:00,14.04
08/02/01,00:00,14.04
08/02/01,01:00,14.04
08/02/01,02:00,13.88
08/02/01,03:00,13.88
08/02/01,04:00,13.88
08/02/01,05:00,13.73
08/02/01,06:00,13.73
08/02/01,07:00,13.73
08/02/01,08:00,13.73
08/02/01,09:00,13.73
08/02/01,10:00,13.88
08/02/01,11:00,14.04
08/02/01,12:00,14.51
08/02/01,13:00,14.82
08/02/01,14:00,15.45
08/02/01,15:00,15.92
08/02/01,16:00,16.08
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SZ abed

T9"ST'00:91'10/170/80
61.8I'00:81'10/60/80
86.-1/00:D1'IO/60/80
99.191'00:E1'IO/60/80
IS.61'00:11'IO/60/80
88"61'00:I1'I0/60/80
61.17I100:01'IO/I70/80
60'6T'00:60'10/60/80
88.E1100:80110/60/80
88'81'00:L0'10/0/80
170.61'00:90'I0/60/80
6I.I71'00:80'I0/60/80
6T.61'00:f7O'10/60/80
S8"6I'00:£0'10/60/80
TS.61'00:10'10/170/80
99.61'0010'10/170/80
99.61'00:00'I0/60/80
18'61'00:E1'I0/0/80
Z8"6I'00:ZZ'10/0/80
86'61'00:11'10/80/80
8E.SI'00:01'10/80/80
61.81'00:61'10M0/80
81.81'00:81'I0/0/80
86-61'00:LVI0M0/80
86-6 I'00:91'TO/80/80
18-61'00:ST'I0/0/80
99'61'00:61'I0/80/80
99.171'00:81'I0/80/80
1S.1'00:ZI'10/0/80
1S*6I'00:11'I0/0/80
TS'61'00:01'I0/80/80
TS.6I'00:60'10/0/80
IS'6T'00:80'10/0/80
1S'61'00:L0'10/80/80
-18-61'00:90'10/80/80
99-61'00:80'10/80/80
Z8.17I'00:60'I0/80/80
86.61'00:80'10/80/80
86.61'00:10'10/0/80
81'81'00:10'10/0/80
6Z-81'00:00'TO/80/80
817.8I100:80/10/80
I9.81'00:11'I0/10/80
LL'SV00:TL'10/10/80
16"81j00:01jI0/0/80
80'91'00:61'10/10/80

Z.91'00:8I'10/10/80
17Z.91'00:LIITO/10/80

qx-4-meGI4sumog



DownStream.txt
08/04/01,17:00,15.77
08/04/01,18:00,15.77
08/04/01,19:00,15.77
08/04/01,20:00,15.61
08/04/01,21:00,15.45
08/04/01,22:00,15.29
08/04/01,23:00,15.13
08/05/01,00:00,14.98
08/05/01,01:00,14.82
08/05/01,02:00,14.51
08/05/01,03:00,14.35
08/05/01,04:00,14.19
08/05/01,05:00,14.04
08/05/01,06:00,13.88
08/05/01,07:00,13.73
08/05/01,08:00,13.73
08/05/01,09:00,13.73
08/05/01,10:00,14.04
08/05/01,11:00,14.35
08/05/01,12:00,14.51
08/05/01,13:00,14.66
08/05/01,14:00,14.82
08/05/01,15:00,14.98
08/05/01,16:00,15.13
08/05/01,17:00,15.29
08/05/01,18:00,15.13
08/05/01,19:00,15.13
08/05/01,20:00,15.13
08/05/01,21:00,14.98
08/05/01,22:00,14.98
08/05/01,23:00,14.82
08/06/01,00:00,14.82
08/06/01,01:00,14.66
08/06/01,02:00,14.66
08/06/01,03:00,14.51
08/06/01,04:00,14.51
08/06/01,05:00,14.35
08/06/01,06:00,14.35
08/06/01,07:00,14.35
08/06/01,08:00,14.35
08/06/01,09:00,14.35
08/06/01,10:00,14.51
08/06/01,11:00,14.66
08/06/01,12:00,14.98
08/06/01,13:00,15.29
08/06/01,14:00,15.61
08/06/01,15:00,16.08
08/06/01,16:00,16.4
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Lz abed

88'91'00:91'10/80/80

6"9I'00:81'10/80/80

Z6.81'00:61'10/80/80

6Z.SI'00:81'10/80/80

99"61'00: 1'10/80/80

60'61'00:11'10/80/80

U_'8E'00:01'I0/80/80

Z17.81100:60110/80/80

LE'8E°00:80'10/80/80

26'81'OO:LO'I0/80/80

8L.81'00:90'10/80/80

88-81'00:S0'10/80/80

6T-61'00:PO'10/80/80

18.171100:E0'10/80/80

99'171'00:Z0'10/80/80

86-6I'00:10'TO/80/80

6Z.SI°00:00'10/80/80

19"81'00:8Z'IO/L0/80

26.51'00:ZV10/L0/80

6Z-91'00:TZI1O/L0/80

ZL-91100:0Z'TO/L0/80

60-LI'00:61'IO/L0/20

6I'LT'00:81'10/L0/80

61-L1'00:Lid10/L0/80

60-LI'00:91'10/L0/80

ZL-91'00:81'I0/L0/80

6Z-91'00:61'10/L0/80

LCSI'00:81'TO/L0/80

6"81'00:ZI'I0/L0/80

99-61'00:T1'10/L0/80

S8"6I'00:01'10/L0/80

6-1-6T'00:60'10/L0/80

S8"6I'00:80'I0/L0/80

88'6I'00:LO'10/L0/80

TS"61100:90'10/L0/80

99"61'00:80'IO/L0/80

Z8°61'00:170110/L0/80

Z8.171'00:80'I0/L0/80

86.61'00:ZOIT0/L0/80

ET'ST100:10'10/L0/80

6Z-51100:00'10/L0/80

S6'STIOO:E2I1O/90/80

LL'SI100:22'10/90/80

Z6.81100:1Z'T0/90/80

80.9T100:0Z'10/90/80

6.91'00:61'10/90/80

98'91'00:81'TO/90/80

98'91'00:L1'TO/90/80
qx4'weaaqsumou



DownStream.txt
08/08/01,17:00,17.04
08/08/01,18:00,17.04
08/08/01,19:00,16.88
08/08/01,20:00,16.72
08/08/01,21:00,16.24
08/08/01,22:00,15.92
08/08/01,23:00,15.77
08/09/01,00:00,15.45
08/09/01,01:00,15.13
08/09/01,02:00,14.82
08/09/01,03:00,14.66
08/09/01,04:00,14.35
08/09/01,05:00,14.19
08/09/01,06:00,13.88
08/09/01,07:00,13.73
08/09/01,08:00,13.73
08/09/01,09:00,13.73
08/09/01,10:00,14.04
08/09/01,11:00,14.51
08/09/01,12:00,15.13
08/09/01,13:00,15.77
08/09/01,14:00,16.4
08/09/01,15:00,16.88
08/09/01,16:00,17.36
08/09/01,17:00,17.67
08/09/01,18:00,17.67
08/09/01,19:00,17.67
08/09/01,20:00,17.36
08/09/01,21:00,17.04
08/09/01,22:00,16.56
08/09/01,23:00,16.4
08/10/01,00:00,16.08
08/10/01,01:00,15.77
08/10/01,02:00,15.45
08/10/01,03:00,15.29
08/10/01,04:00,14.98
08/10/01,05:00,14.66
08/10/01,06:00,14.51
08/10/01,07:00,14.19
08/10/01,08:00,14.19
08/10/01,09:00,14.19
08/10/01,10:00,14.51
08/10/01,11:00,14.98
08/10/01,12:00,15.61
08/10/01,13:00,16.08
08/10/01,14:00,16.72
08/10/01,15:00,17.36
08/10/01,16:00,17.67
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6Z abed

66.LI'00:9IIT0/ZI/80
IS.LI'00:ST'TO/Z1/80
0'LT100:WIO/ZI/80

f7.9I'00:WTO/ZT/80
Z6.ST'00:ZTITO/ZI/80
6Z-81'00:I1'10/ZI/80
Z8.W00:0I'IO/ZT/80
99.W00:60'I0/ZT/80
1S.61'00:80'10/ZT/80
99'W00:LO'I0/ZT/80
Z8.W00:90'10/ZI/80
EI.S1'00:80'I0/ZT/80
6Z'SI'00:t'0'TO/ZI/80
S'ST'00:80'I0/ZI/80
LCCI'00:Z0'I0/ZI/80
80.91'00:101I0/ZI/80
f7Z-91100:001TO/ZT/80
98.91'00:EE'TO/II/80
88.9I'00:ZZ'IO/II/80
6I'LT'00:IZ'IO/II/20
IS'LI'00:0Z'10/II/80
8./.,T100:6T'IO/1I/80
66.LI'00:2I'10/I1/80
66.LTI00:LI'I0/I1/80
L9"LT100:91'I0/II/80
98"LI'00:ST'I0/II/80
88.9I'00:f7T'IO/1T/80
Z.91'00:81'10/11/80

LCST100:ZI'TO/II/80
ET'S1'00:1I'IO/II/80
ZECbT'00:01'10/11/80
99.W00:60'10/11/80
IS.W00:80'10/II/80
99.bI'00:LO'TO/1I/80
Z8'W00:90'10/1I/80
8C'SI'00:80'10/II/80
6Z.ST100:01TO/IT/80

LCSI'00:n'I0/11/80
80.91'00:10'I0/1T/80

f7.9T'00:00'10/II/80
9C.9I'00:ZITO/OT/80
88.9I'00:ZZ'10/01/80
6I'LV00:TZ'10/OI/80
L9"LI'00:0Z'TO/01/80
E8VLI100:61'10/01/80
66.L1100:81'10/01/80
66-L1'00:L1'TO/0T/80

qx-4•weal4sumoo



DownStream.txt
08/12/01,17:00,18.16
08/12/01,18:00,18.16
08/12/01,19:00,17.99
08/12/01,20:00,17.67
08/12/01,21:00,17.36
08/12/01,22:00,17.04
08/12/01,23:00,16.72
08/13/01,00:00,16.56
08/13/01,01:00,16.4
08/13/01,02:00,16.08
08/13/01,03:00,15.92
08/13/01,04:00,15.61
08/13/01,05:00,15.45
08/13/01,06:00,15.29
08/13/01,07:00,15.13
08/13/01,08:00,14.98
08/13/01,09:00,14.98
08/13/01,10:00,15.13
08/13/01,11:00,15.29
08/13/01,12:00,15.77
08/13/01,13:00,16.24
08/13/01,14:00,16.88
08/13/01,15:00,17.36
08/13/01,16:00,17.67
08/13/01,17:00,17.83
08/13/01,18:00,17.83
08/13/01,19:00,17.67
08/13/01,20:00,17.51
08/13/01,21:00,17.04
08/13/01,22:00,16.72
08/13/01,23:00,16.4
08/14/01,00:00,16.24
08/14/01,01:00,15.92
08/14/01,02:00,15.61
08/14/01,03:00,15.29
08/14/01,04:00,15.13
08/14/01,05:00,14.82
08/14/01,06:00,14.66
08/14/01,07:00,14.35
08/14/01,08:00,14.19
08/14/01,09:00,14.19
08/14/01,10:00,14.35
08/14/01,11:00,14.82
08/14/01,12:00,15.29
08/14/01,13:00,15.77
08/14/01,14:00,16.4
08/14/01,15:00,16.88
08/14/01,16:00,17.36
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abed

61.81'00:91'10/91/80

86.61'00:81'10/91/80

86.1100:6E'10/91/80

18.17I'00:UP'I0/91/80

18'6I100:ZI'I0/91/80

99.17I'00:I1'10/91/80

99.71100:01'10/91/80

1Er1'00:60'10/91/80

18.61'00:80'10/91/80

86'61'00:L0'TO/9T/80

86.6I'00:90'10/91/80

8E.SI°00:80110/91/80

61'81'00:70'TO/9T/80

S6'8I'00:80'10/91/80

I9.8I'00:ZO'10/91/80

LUS1100:10'10/91/80

80'91
1
00:00'10/91/80

7Z-91'00:81'1O/81/80

7.9I'00:ZZ'I0/81/80

ZL-91100:IZITO/81/80

70.LI'00:0Z'I0/8I/80

61.LI'00:61110/8I/80

98.LI100:8I'TO/81/80

98"LT'00:LI'I0/81/80

6I-LT100:9TITO/ST/80

98.91'00:SI'10/SI/80

6.91100:61'10/ST/80

LL"81100:1'I0/8I/80

6.8I'00:Z1'IO/ST/80

l8-6I'00:1I'10/SI/80

18.61'00:0I110/81/80

18.61'00:60°I0/81/80

88°61'00:80'10/8I/80

I8-61100:LO'IO/SI/80

99.61'00:90'10/81/80

18'7-Y00:S0'TO/8T/80

1'81'00:60'I0/ST/80

6Z-SI'00:0'10/81/80

19.81100:10'10/8-1/80

LL'ST'00:10'IO/SI/80

80'91/00:00'TO/81/80

71.91'00:81'10/6I/80

98.9T-100:30/61/80

88.91100:I2I10/1/80

61-LI'00:03'10/71/80

98°LI100:61A1O/1/80

I8.LT100:81'I0/71/80

IS'Li'00:LI'I0/6E/80
qX4°WeG34SUMOG



DownStream.txt
08/16/01,17:00,15.29
08/16/01,18:00,15.45
08/16/01,19:00,15.45
08/16/01,20:00,15.29
08/16/01,21:00,14.98
08/16/01,22:00,14.82
08/16/01,23:00,14.66
08/17/01,00:00,14.51
08/17/01,01:00,14.35
08/17/01,02:00,14.35
08/17/01,03:00,14.19
08/17/01,04:00,14.19
08/17/01,05:00,14.19
08/17/01,06:00,14.04
08/17/01,07:00,14.04
08/17/01,08:00,14.04
08/17/01,09:00,14.04
08/17/01,10:00,14.04
08/17/01,11:00,14.19
08/17/01,12:00,14.35
08/17/01,13:00,14.66
08/17/01,14:00,14.98
08/17/01,15:00,15.29
08/17/01,16:00,15.45
08/17/01,17:00,15.45
08/17/01,18:00,15.45
08/17/01,19:00,15.29
08/17/01,20:00,15.29
08/17/01,21:00,15.13
08/17/01,22:00,14.98
08/17/01,23:00,14.66
08/18/01,00:00,14.51
08/18/01,01:00,14.51
08/18/01,02:00,14.35
08/18/01,03:00,14.35
08/18/01,04:00,14.19
08/18/01,05:00,14.19
08/18/01,06:00,14.04
08/18/01,07:00,14.04
08/18/01,08:00,14.04
08/18/01,09:00,14.04
08/18/01,10:00,14.04
08/18/01,11:00,14.04
08/18/01,12:00,14.19
08/18/01,13:00,14.51
08/18/01,14:00,14.82
08/18/01,15:00,15.13
08/18/01,16:00,15.29
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EE abed

63'81'00:91'TO/0Z/80

28.1100:STITO/O1/80

99-61'00:6[1TO/0Z/80

60.61'00:8E'10/OZ/80

8L.E-1100:ZIII0/01/80

96.ZT100:01'I0/OZ/80

T8'ZT'00:60'10/0Z/80

S9.ZT/00:80'10/0Z/80

18'ZI'00:L0'I0/OZ/80

96.11'00:90'10/01/80

ZI.81'00:80'10/01/80

217'81'00:0'10/0Z/80

88.8E'00:80'10/01/80

88-81'00:Z0'TO/0Z/80

61-61'00:T0'TO/OZ/80

TS'6T/00:00'10/0Z/80

99"61'00:0/61/80

86.171'00:ZZ'TO/61/80

6Z.SI100:IZ'IO/61/80

19.81100:0Z'10/61/80

Z6'81'00:6-1'10/61/80

80.9T'00:81'10/61/80

80'91'00:L1'10/6T/80

Z6.81100:9I'IO/6I/20

LCSTIOO:SI110/61/80

C6.SI'00:f7I'IO/6I/80

86-61'00:8T'10/6T/80

TS.6I'00:Zi'I0/61/80

6T.6T'OO:I1'T0/6I/80

'61'00:0T'IO/61/80

88'81'00:60'10/61/80

88-81'00:80'10/6T/80

88.81'OO:L0110/61/80

82.81'00:90'10/61/80

'61'00:80'10/61/80

170'T'00:0'10/61/80

61.61'00:E0'I0/6I/80

S8'61'OO:ZO'10/6I/80

5E'61'00:10'10/61/80

IS.6I'00:00'10/6I/80

99.61'00:81'I0/81/80

99.61'00:ZZ'10/8I/80

86.61'00:11'10/81/80

8C'SI'00:01'10/81/80

-E.S1100:6I110/81/80

E1.81'00:81'10/81/80

E1'ST'00:LI'IO/8I/80
qx-4.wea5fqsumoci



DownStream.txt
08/20/01,17:00,15.45
08/20/01,18:00,15.45
08/20/01,19:00,15.45
08/20/01,20:00,15.13
08/20/01,21:00,14.98
08/20/01,22:00,14.66
08/20/01,23:00,14.51
08/21/01,00:00,14.19
08/21/01,01:00,14.04
08/21/01,02:00,14.04
08/21/01,03:00,13.88
08/21/01,04:00,13.73
08/21/01,05:00,13.58
08/21/01,06:00,13.58
08/21/01,07:00,13.42
08/21/01,08:00,13.42
08/21/01,09:00,13.58
08/21/01,10:00,13.58
08/21/01,11:00,13.73
08/21/01,12:00,13.88
08/21/01,13:00,14.04
08/21/01,14:00,14.35
08/21/01,15:00,14.51
08/21/01,16:00,14.51
08/21/01,17:00,14.35
08/21/01,18:00,14.35
08/21/01,19:00,14.35
08/21/01,20:00,14.35
08/21/01,21:00,14.51
08/21/01,22:00,14.98
08/21/01,23:00,15.13
08/22/01,00:00,14.98
08/22/01,01:00,14.98
08/22/01,02:00,15.13
08/22/01,03:00,15.13
08/22/01,04:00,14.98
08/22/01,05:00,14.98
08/22/01,06:00,15.13
08/22/01,07:00,14.98
08/22/01,08:00,14.98
08/22/01,09:00,14.98
08/22/01,10:00,15.13
08/22/01,11:00,14.98
08/22/01,12:00,15.13
08/22/01,13:00,15.29
08/22/01,14:00,15.29
08/22/01,15:00,15.45
08/22/01,16:00,15.45
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SE abed

80"01'00:IT'IO/73/80
LZ.1100:01jI0/173/80
1-01100:60110/173/80

96"Z 1'00:80'10/73/80
ZI.8[100:L0'IO/173/80
LZ.01'00:90'IO/3/80
37°01100:50I10/73/80
80'81100:70'10/73/80
8L'01'00:00ITO/Z/80
88"S1'00: 0'10/73/80
88.01'00:TOITO/7Z/80
70"I7I'00:00'10/73/80
6T-71'00:EZ'10/0 /80
61"71'00:ZVIO/3/80
58"71'00:13'I0/03/80
IS.71'00:00/E3/80
99.1'00:61'I0/83/80
99-7T'00:81ITO/Z/80
99-7I'00:LT110/83/80
10.71'00:91'TO/EZ/80
00"71'00:01'10/E3/80
61"71'00:71'10/0 /80
6I'7E'00:0I'10/03/80
70.1'00:3I'10/E3/80
70-7 I'00:I1ITO/0Z/80
88.0I'00:0I'10/03/80
70.71'00:60'10/03/80
70.171'00:801TO/03/80
70.17I'00:LO'10/E3/80
70.7I'00:901I0/03/80
61"71'00:00'10/03/80
50.7I100:0'I0/03/80
10.7-1100:00'10/03/80
38.71'00:30110/E3/80
0E'SI100:10'10/03/80
6.01'00:00'10/03/80
07.0I'00:03'10/33/80
LCST100:33I10/33/80
80.9I100:I3I10/33/80
7Z-9I'00:03'10/33/80
80'91'00:61'-10/33/80
90'91'00:81'TO/33/80
LCSI'00:LT'I0/33/80

qx-4-wea14sumoci



DownStream.txt
Date, Time, Temperature (*C)
08/24/01,11:10,4.9-re-1-
08/24/01,12:10,13.88
08/24/01,13:10,14.19
08/24/01,14:10,14.66
08/24/01,15:10,14.98
08/24/01,16:10,15.29
08/24/01,17:10,15.45
08/24/01,18:10,15.29
08/24/01,19:10,15.13
08/24/01,20:10,14.98
08/24/01,21:10,14.66
08/24/01,22:10,14.51
08/24/01,23:10,14.35
08/25/01,00:10,14.04
08/25/01,01:10,13.88
08/25/01,02:10,13.73
08/25/01,03:10,13.42
08/25/01,04:10,13.27
08/25/01,05:10,12.96
08/25/01,06:10,12.81
08/25/01,07:10,12.65
08/25/01,08:10,12.49
08/25/01,09:10,12.49
08/25/01,10:10,12.81
08/25/01,11:10,13.12
08/25/01,12:10,13.58
08/25/01,13:10,14.19
08/25/01,14:10,14.66
08/25/01,15:10,15.13
08/25/01,16:10,15.45
08/25/01,17:10,15.61
08/25/01,18:10,15.61
08/25/01,19:10,15.45
08/25/01,20:10,15.29
08/25/01,21:10,14.98
08/25/01,22:10,14.82
08/25/01,23:10,14.66
08/26/01,00:10,14.35
08/26/01,01:10,14.19
08/26/01,02:10,14.04
08/26/01,03:10,13.73
08/26/01,04:10,13.58
08/26/01,05:10,13.27
08/26/01,06:10,13.12
08/26/01,07:10,12.96
08/26/01,08:10,12.96
08/26/01,09:10,12.96
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Z abed

170.TIOT:601I0/8Z/80

88.8['01:80110/8Z/80

60-6II01:L0'IO/8Z/80

6O-6I'OI:901T0/8Z/80

6I'DVOT:q01T0/8Z/80

SUD'I'01:D'OIT0/8Z/80

IS-17T'OI:0'10/8Z/80

99"61'0I:Z0'10/8Z/80

28'61'0I:10'i0/82/80

ZEr61'O1:00'IO/82/80

86.171'01:8ZITO/LZ/80

86.61'01:ZZ'TO/LZ/80

ET'ST'01:IZ'IO/LZ/80

6Z-S1IO1:OVIO/LZ/80

T9'ST'01:61'10/LZ/80

LL'S1'0I:8I'10/LZ/80

LCSI'01:LT'10/LZ/80

I9'S1'0I:91'10/LZ/80

Stu-STIOI:SijI0/LZ/80

LE'S1'OI:t71A10/LZ/80

99.1I01:ET'10/LZ/80

6-1'61'01:Z1'10/LU80

L...EI'01:11'10/LZ/80

26'E1'01:01'10/LZ/20

ZI'ET'01:60'10/LZ/80

ZI'ET'01:80)TO/LZ/80

LZ.ETIOT:LVIO/LZ/80

217.ET'0I:90'10/LZ/80

8S"UY01:CO'10/LZ/80

88-E1I01:170'IO/LU80

170'1'0I:80'TO/LU80

SE'6E'01:Z0'IO/LZ/80

TS.61'0I:10'I0/LZ/80

99.61'01:00'10/LZ/80

86'61'01:E2'10/92/80

ET.STIOT:ZZ'IO/92/80

6Z.S1'0I:1Z'10/9Z/80

T9'ST'OI:02'10/92/80

LL'ST'01:61'I0/92/80

Z6'S1'O1:81jI0/92/80

80'91'01:L1'TO/9Z/80

Z6.STIO1:9-L'10/9Z/80

19'S1'01:ST'T0/92/80

ET'SI'OI:6EdI0/9Z/80

TS'6I'OI:UYI0/92/80

60.61'01:ZI'10/9Z/90

8S'ET'01:1I'10/92/80

ZI'ETIOT:01'I0/92/80
1x4-weGaqsumou



DownStream.txt
08/28/01,10:10,14.19
08/28/01,11:10,14.51
08/28/01,12:10,14.98
08/28/01,13:10,15.45
08/28/01,14:10,15.92
08/28/01,15:10,16.4
08/28/01,16:10,16.72
08/28/01,17:10,16.72
08/28/01,18:10,16.72
08/28/01,19:10,16.56
08/28/01,20:10,16.24
08/28/01,21:10,15.92
08/28/01,22:10,15.77
08/28/01,23:10,15.61
08/29/01,00:10,15.45
08/29/01,01:10,15.13
08/29/01,02:10,14.98
08/29/01,03:10,14.82
08/29/01,04:10,14.51
08/29/01,05:10,14.35
08/29/01,06:10,14.19
08/29/01,07:10,14.04
08/29/01,08:10,14.04
08/29/01,09:10,14.04
08/29/01,10:10,14.19
08/29/01,11:10,14.51
08/29/01,12:10,14.98
08/29/01,13:10,15.45
08/29/01,14:10,16.08
08/29/01,15:10,16.4
08/29/01,16:10,16.72
08/29/01,17:10,16.72
08/29/01,18:10,16.72
08/29/01,19:10,16.56
08/29/01,20:10,16.4
08/29/01,21:10,16.08
08/29/01,22:10,15.92
08/29/01,23:10,15.77
08/30/01,00:10,15.45
08/30/01,01:10,15.29
08/30/01,02:10,15.13
08/30/01,03:10,14.82
08/30/01,04:10,14.66
08/30/01,05:10,14.35
08/30/01,06:10,14.19
08/30/01,07:10,14.04
08/30/01,08:10,13.88
08/30/01,09:10,13.88
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abed

Z8'17-L'OI:60'10/10/60
Z8.61'OI:80'I0/10/60
Z8'6E'01:L0'IO/10/60
86.171'01:90'10/10/60
86-171'01:20'10/T0/60
2I"S1'01:t'O'I0/I0/60
8I'51'01:E0'I0/T0/60
61'21'01:20'I0/I0/60
217.2VOI:IO'10/10/60
19'51'01:00'I0/I0/60
LL'51'0I:21'I0/18/80
LUS1'0I:ZZ'I0/I2/80
16.51'01:TZ'I0/I2/80
80'9-Y0T:01'10/18/80
171'91'01:6T'I0/T2/80

17.9I'OI:9I'IO/T2/80
17'91'01:LT'I0/I2/80
17'91'0I:9I'IO/I2/80
Z.91'01:5I'I0/I/80

80'91'01:W10/12/80
LL'2I'0I:1'10/I2/80
SVST'OI:EVTO/I2/80
EI'ST'OI:IT'IO/T2/80
18'17T'OI:OTI10/12/80
Z8'61'0I:60'10/12/80
18'6E'01:80'I0/12/80
18'171'01:L0'10/U/80
86"171'0I:90'10/I2/80
86'171'01:20'I0/12/80
LE'S1'OT:170'10/12/80
6C51'01:20'I0/12/80
61.21101:10'10/U/80
SD'ST'OT:IVIO/T2/80
27'51'0I:00'10/I2/80
19'2I'01:E1'I0/02/80
LL'SV0I:ZVTO/08/80
16.21'OT:11'I0/02/80
71'9I'01:01'10/0/80
7'91'01:61'10/08/80

92.91'0I:e1'10/0/80
3C91'0I:LVI0/02/80
92'91'0191'10/02/80
17'91'0I:SIi10/02/80

16'2I'01:61'10/02/80
27.21'01:21'I0/02/80
86'61'0I:1I'10/02/80
TYWOT:IVIO/02/80
170.171'OI:OI'IO/02/80

qx4-meo1qsumoo



DownStream.txt
09/01/01,10:10,14.98
09/01/01,11:10,15.13
09/01/01,12:10,15.29
09/01/01,13:10,15.29
09/01/01,14:10,15.29
09/01/01,15:10,15.45
09/01/01,16:10,15.29
09/01/01,17:10,15.29
09/01/01,18:10,15.29
09/01/01,19:10,15.13
09/01/01,20:10,14.98
09/01/01,21:10,14.82
09/01/01,22:10,14.66
09/01/01,23:10,14.51
09/02/01,00:10,14.35
09/02/01,01:10,14.19
09/02/01,02:10,14.04
09/02/01,03:10,13.88
09/02/01,04:10,13.73
09/02/01,05:10,13.58
09/02/01,06:10,13.58
09/02/01,07:10,13.42
09/02/01,08:10,13.27
09/02/01,09:10,13.42
09/02/01,10:10,13.58
09/02/01,11:10,13.88
09/02/01,12:10,14.19
09/02/01,13:10,14.66
09/02/01,14:10,15.29
09/02/01,15:10,15.61
09/02/01,16:10,15.77
09/02/01,17:10,15.77
09/02/01,18:10,15.77
09/02/01,19:10,15.61
09/02/01,20:10,15.45
09/02/01,21:10,15.29
09/02/01,22:10,15.13
09/02/01,23:10,14.98
09/03/01,00:10,14.82
09/03/01,01:10,14.66
09/03/01,02:10,14.51
09/03/01,03:10,14.35
09/03/01,04:10,14.35
09/03/01,05:10,14.19
09/03/01,06:10,14.19
09/03/01,07:10,14.04
09/03/01,08:10,14.04
09/03/01,09:10,13.88
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9 abed

I8'ZI10-1:60'10/90/60
T8'I'0I:80'10/90/60
96"1'OI:LO'TO/S0/60
1'E1I01:90'10/90/60
Z1'ET'0T:90'10/90/60
LZ.91'0I:170'10/90/60
LZ.E1'0I:90'10/90/60
Z6.9I'01:Z0'I0/90/60
89-91'0T:10'TO/90/60
8L'ET'OT:00'10/90/60
EL'E1'01:10/60/60
88.81'01:ZZIT0/0/60
60'17I'01:TZ'T0/0/60
61.61IOI:OVTO/60/60
S9'f7T'OT:6I1T0/0/60
I9.61'01:811I0/60/60
SE'VEIOT:LT'T0/60/60
98'61'01:9I'I0/0/60
6I'6TIOI:STITO/60/60

'61'0I:61I10/60/60
170.D1'01:TIT0/0/60
89'81'0I:ZT'T0/0/60
Z.E1'OI:11'10/60/60
LZ.E1'01:01I10/60/60
96"Z1'OI:60'IO/60/60
96"Z1'01:80110/60/60
1"91'0I:L0'10/0/60
ZT.E1'0I:90'10/0/60
LZ.ET'01:90'10/60/60
Z6'E1'01:D'O'10/170/60
89.81'0I:E0'10/60/60
89.E1'O1:ZOIT0/0/60
EC91'OT:10j10/170/60
88.91'0I:00'10/170/60
170-61'0I:EV10/90/60
61-61'01:ZZ'I0/90/60
S8'61'01IVI0/90/60
TS.6T'OI:OZ'10/0/60
Z8.191'01:61'I0/0/60
86.171'0I:81'10/90/60
86'61'OT:LT'10/90/60
99.171'0I:91'I0/90/60
S8'61'OI:SI'T0/0/60
61-61'0I:61'I0/90/60
60'6E'01:E1'I0/50/60
60'61'01: 1'10/90/60

'61'01:TT'10/90/60
.W01:01'10/0/60

Tx-4•weaaqsumoo



DownStream.txt
09/05/01,10:10,12.81
09/05/01,11:10,12.96
09/05/01,12:10,13.12
09/05/01,13:10,13.42
09/05/01,14:10,13.58
09/05/01,15:10,13.73
09/05/01,16:10,13.88
09/05/01,17:10,13.88
09/05/01,18:10,13.88
09/05/01,19:10,13.88
09/05/01,20:10,13.73
09/05/01,21:10,13.58
09/05/01,22:10,13.42
09/05/01,23:10,13.27
09/06/01,00:10,13.12
09/06/01,01:10,12.96
09/06/01,02:10,12.81
09/06/01,03:10,12.65
09/06/01,04:10,12.49
09/06/01,05:10,12.49
09/06/01,06:10,12.49
09/06/01,07:10,12.34
09/06/01,08:10,12.34
09/06/01,09:10,12.34
09/06/01,10:10,12.49
09/06/01,11:10,12.49
09/06/01,12:10,12.65
09/06/01,13:10,12.96
09/06/01,14:10,13.12
09/06/01,15:10,13.58
09/06/01,16:10,13.73
09/06/01,17:10,13.88
09/06/01,18:10,13.88
09/06/01,19:10,13.73
09/06/01,20:10,13.58
09/06/01,21:10,13.42
09/06/01,22:10,13.42
09/06/01,23:10,13.27
09/07/01,00:10,13.27
09/07/01,01:10,13.12
09/07/01,02:10,12.96
09/07/01,03:10,12.81
09/07/01,04:10,12.81
09/07/01,05:10,12.81
09/07/01,06:10,12.65
09/07/01,07:10,12.65
09/07/01,08:10,12.65
09/07/01,09:10,12.65
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8 abed

9S—IT'O1:60110/60/60

98-11'01:80'10/60/60

ZCI1'O1:LV10/60/60

L8-11'01:90'10/60/60

E0"ZT'O1:80'10/60/60

68'Z1'01: 0'10/60/60

89.Z1'01:E0'10/60/60

T8"ZIjO1:ZO'IO/60/60

96.ZI'01:10'10/60/60

LZ.E1'01:00'10/60/60

Z6.1'01:Z'10/80/60

ECEI'OT:ZZ'10/80/60

88.E1IOI:1V10/80/60

60.61'OI:0VI0/80/60

SE'61'0I:61'I0/80/60

TS'WO1:81'10/80/60

18.WOI:LT'I0/80/60

1S'61'01:91'10/80/60

6T"6 l'01:81'10/80/60

EL-81'0I:61'I0/80/60

LZ.81'0T:81'10/80/60

18'ZT'O1:Z1'I0/80/60

6E'Z1'01:1I'10/80/60

LErI1'01:01'10/80/60

ZUTT'OI:60'10/80/60

98.1IVE:80'10/80/60

n'11'01:LO'I0/80/60

E0'Z1'O1:90'10/80/60

81-Z1'0T:80'TO/80/60

68"ZT'O1:0'10/80/60

S9'T'01:80'10/80/60

I8'ZI'OI:ZO'10/80/60

n'WOI:10'10/80/60

LZ.EV01:00'10/80/60

88'81'01:EZ'TO/L0/60

ECETAOT:ZZI1O/L0/60

88-81'01:TVTO/L0/60

6T-WOT:0110/L0/60

g8"6T'01:6I1-10/L0/60

TS'W01:81ITO/L0/60

99.61'01:LTITO/L0/60

1S.61'0I:9IITO/L0/60

SE'6EVE:SIITO/L0/60

60.6q'01:6I'TO/L0/60

EC81'01:ETITO/L0/60

Z.ET'01:ZII10/L0/60

Z1.E1'O1:I1'IO/L0/60

18'ZIVE:01'TO/L0/60
qxq•weaaqsumou



DownStream.txt
09/09/01,10:10,11.72
09/09/01,11:10,12.18
09/09/01,12:10,12.65
09/09/01,13:10,13.27
09/09/01,14:10,13.73
09/09/01,15:10,14.19
09/09/01,16:10,14.35
09/09/01,17:10,14.35
09/09/01,18:10,14.35
09/09/01,19:10,14.19
09/09/01,20:10,13.88
09/09/01,21:10,13.73
09/09/01,22:10,13.42
09/09/01,23:10,13.27
09/10/01,00:10,12.96
09/10/01,01:10,12.81
09/10/01,02:10,12.65
09/10/01,03:10,12.34
09/10/01,04:10,12.18
09/10/01,05:10,11.87
09/10/01,06:10,11.72
09/10/01,07:10,11.56
09/10/01,08:10,11.41
09/10/01,09:10,11.41
09/10/01,10:10,11.56
09/10/01,11:10,12.03
09/10/01,12:10,12.49
09/10/01,13:10,12.96
09/10/01,14:10,13.58
09/10/01,15:10,14.04
09/10/01,16:10,14.19
09/10/01,17:10,14.35
09/10/01,18:10,14.19
09/10/01,19:10,14.04
09/10/01,20:10,13.88
09/10/01,21:10,13.58
09/10/01,22:10,13.42
09/10/01,23:10,13.27
09/11/01,00:10,13.12
09/11/01,01:10,12.96
09/11/01,02:10,12.65
09/11/01,03:10,12.49
09/11/01,04:10,12.34
09/11/01,05:10,12.18
09/11/01,06:10,11.87
09/11/01,07:10,11.72
09/11/01,08:10,11.72
09/11/01,09:10,11.72
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OT abed

81.ZT'O1:60'10/81/60
81.ZT'01:80'10/I/60
17E'ZT'O1:LO1TO/E1/60
6.ZT'01:90j10/E1/60
C9'ZT'01:SO'10/81/60
18'ZT'01:f/0'10/8E/60
96"Z1'O1:EO'IO/81/60
LZ.81'OT:ZO'TO/E1/60
Zig.E1'01:10'TO/E1/60
8S'8L'01:00'TO/81/60
8L'81'01:EZ'10nT/60
88.81'OT:ZV10nT/60
6T'D'T'01:IZ'I0/ZT/60
SE'6E'01:OZIT0/ZT/60
99-T'O1:6TjTORT/60
ZECPT'01:8TITORT/60
Z8.171'01:LT'10n1/60
Z8'f/1'01:91ITO/Z1/60
IS"T'01:STITORT/60
P0'VE'01:D1'10/Z1/60
8S'E1'O1:E1'TOM/60
96.ZI/01:ZT'TO/ZT/60
6VZI'01:11ITO/ZT/60
C0'ZI'OT:01'10/ZT/60
L8-11'01:60'TO/ZT/60
Le'I1'01:80'10/ZT/60
E0.ZT'01:LO'IOR1/60
8I'ZTjO1:9011OM/60
178'ZT'OT:SO'I0/ZI/60
6I'01:f701TO/ZI/60
18'ZT'01:£01TOM/60
96"21'01:ZO'TO/ZT/60
ZT'ET'01:10'I0nT/60
ni'E1'0T:00'TO/Z1/60
8S'E1'0I:10/IT/60
ECET'OT:ZVTO/1T/60
88'WO1:1VI0/TI/60
170.61'01:OZ'10/I1/60
SE.f71'OI:6T'TO/IT/60
IS"VT'01:81'10/I1/60
TS.P1'01:LT'10/T1/60
TS'fiT'01:91'10/TT/60
6T'61l0T:S1ITO/II/60
88'81'01: I'10/11/60
LZ.ET'OT:WTO/IT/60
18'ZT'O1:ZT'10/1I/60
t7E-ZT'O1:11'TO/II/60
L8.11'01:01'10/TI/60

qx4-weaa4sumoG



DownStream.txt
09/13/01,10:10,12.49
09/13/01,11:10,12.81
09/13/01,12:10,13.12
09/13/01,13:10,13.73
09/13/01,14:10,14.19
09/13/01,15:10,14.66
09/13/01,16:10,14.98
09/13/01,17:10,14.98
09/13/01,18:10,14.82
09/13/01,19:10,14.66
09/13/01,20:10,14.51
09/13/01,21:10,14.35
09/13/01,22:10,14.19
09/13/01,23:10,14.04
09/14/01,00:10,13.88
09/14/01,01:10,13.58
09/14/01,02:10,13.42
09/14/01,03:10,13.27
09/14/01,04:10,13.12
09/14/01,05:10,12.96
09/14/01,06:10,12.81
09/14/01,07:10,12.65
09/14/01,08:10,12.49
09/14/01,09:10,12.49
09/14/01,10:10,12.65
09/14/01,11:10,13.12
09/14/01,12:10,13.58
09/14/01,13:10,14.04
09/14/01,14:10,14.51
09/14/01,15:10,14.98
09/14/01,16:10,15.29
09/14/01,17:10,15.29
09/14/01,18:10,15.29
09/14/01,19:10,15.13
09/14/01,20:10,14.82
09/14/01,21:10,14.51
09/14/01,22:10,14.35
09/14/01,23:10,14.19
09/15/01,00:10,14.04
09/15/01,01:10,13.88
09/15/01,02:10,13.58
09/15/01,03:10,13.42
09/15/01,04:10,13.27
09/15/01,05:10,13.12
09/15/01,06:10,12.96
09/15/01,07:10,12.65
09/15/01,08:10,12.65
09/15/01,09:10,12.65
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T abed

18'ZI10-1:60'IO/LT/60
T8'1I'01:80'TO/LT/60
T8"ZI'OT:LOITO/LT/60
18'11'01:90'I0/LI/60
I8.1T'0I:80'10/LT/60
T8"T'OI:60'I0/L-1/60
T8'ZTVE:801-10/LT/60
T8.1T'OT:ZO'IO/LI/60
96.Z1'01:10'I0/L1/60
96.11'01:00I10/LT/60
96.Z1'0I:EZ'I0/91/60
96-ZI'01:ZZ'IO/91/60
ZI.U['0I:IVT0/9I/60
LZ.E1'01:01'10/91/60
Z.EVOT:6T'T0/91/60
Zt7.5I'OT:8VI0/91/60
88.51'0I:LV10/91/60
Zfi'ETVE:91'10/91/60
n'EVOI:ST'10/91/60
L1'E1'0I:T'I0/91/60
ZI.EVOI:EV10/91/60
96.1VOT:ZVI0/91/60
96.ZIVE:IT'TO/9T/60
96-ZVOI:WT0/91/60
96.11'0T:60'10/91/60
96.ZI'01:80'10/91/60
96'11'01:L0'TO/9T/60
96'11'0T:90'TO/9T/60
11.51'01:80'TO/9T/60
LZ-E1'01:H'I0/9I/60
Z17.1'01:80'10/91/60

/_.'ETIOI:ZO'I0/91/60
88.81'01:10'10/91/60

'1'01:00'10/91/60
6I'V1'01:E1'I0/S1/60
88.11 01:11'10/S1/60
IS'WOI:IZ'10/ST/60
99.61'0I:01'I0/SI/60
18.WOI:6T'IO/SI/60
ET'S1'0I:81'I0/8I/60
E1.81'01:LV10/S1/60
ET'SI'01:91'10/51/60
96"T'01:81'10/SI/60
TS.171'01:T'I0/SI/60

.171'0I:E1'10/SI/60
88'81'OI:11'10/ST/60
1I.EVO1:II'1O/SI/60
I8'ZT'OI:OT'TO/SI/60

qxq•wea3-4sumoo



DownStream.txt
09/17/01,10:10,12.81
09/17/01,11:10,12.81
09/17/01,12:10,12.81
09/17/01,13:10,12.96
09/17/01,14:10,12.96
09/17/01,15:10,13.12
09/17/01,16:10,13.27
09/17/01,17:10,13.27
09/17/01,18:10,13.27
09/17/01,19:10,13.12
09/17/01,20:10,13.12
09/17/01,21:10,12.96
09/17/01,22:10,12.96
09/17/01,23:10,12.96
09/18/01,00:10,12.81
09/18/01,01:10,12.81
09/18/01,02:10,12.81
09/18/01,03:10,12.81
09/18/01,04:10,12.65
09/18/01,05:10,12.65
09/18/01,06:10,12.65
09/18/01,07:10,12.65
09/18/01,08:10,12.65
09/18/01,09:10,12.65
09/18/01,10:10,12.65
09/18/01,11:10,12.65
09/18/01,12:10,12.81
09/18/01,13:10,12.96
09/18/01,14:10,13.12
09/18/01,15:10,13.12
09/18/01,16:10,13.27
09/18/01,17:10,13.27
09/18/01,18:10,13.27
09/18/01,19:10,13.27
09/18/01,20:10,13.27
09/18/01,21:10,13.12
09/18/01,22:10,13.12
09/18/01,23:10,12.96
09/19/01,00:10,12.96
09/19/01,01:10,12.96
09/19/01,02:10,12.81
09/19/01,03:10,12.81
09/19/01,04:10,12.65
09/19/01,05:10,12.65
09/19/01,06:10,12.49
09/19/01,07:10,12.34
09/19/01,08:10,12.18
09/19/01,09:10,12.18
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tq abed

81.3TIOT:60'10/I3/60
81.3-1101:801-10/13/60
8T'3Ij01:LOiT0/13/60
81'31'01:90'10/T3/60
8I.31'01:80'10/13/60

P8"ZI'01:80'I0/13/60
P8"31'0I:30'10/13/60
617.31'0I:10'I0/TZ/60
6V.31VE:00'10/I3/60
89.31'0I:3'I0/03/60
18'3I'01:33'10/03/60
I8'3I'01:13'10/03/60
96'31'01:03'TO/0Z/60
31'E1'01:6TI10/OZ/60
LZ.8E'0I:8I'10/03/60
LZ.E1IO1:LT'10/03/60
Z1'81'01:91'10/03/60
96.3I'01:8I110/03/60
89"ZI'01:f71'I0/OZ/60
178'3Ij0I:E1'10/03/60
L8'I1'01:3I110/03/60
-"IT'OI:IT'T0/03/60
176.01'OI:01'I0/03/60
6C01'0I:60'10/03/60
6C01'0I:80'10/03/60
f76.0I'01:LV10/03/60
I'1IV1:90110/03/60
16'IIVE:80'10/03/60
98-11VI:170'10/03/60
n'11'O1:80'I0/03/60
L8-11'01:30'10A3/60
81.3I101:10'I0/03/60
P8.3I10E:00j10/03/60
S9'3I'0I:E3'10/61/60
18"3I'01:33'I0/61/60
96-3IVE:I3'10/61/60
L3'8I'01:03'10/61/60
ZV'ET'01:61'10/6I/60
8L'81'0I:81'I0/6I/60
EL'E1'01:LT'10/61/60

88.81j01:81'I0/6I/60
LZ"81j0I:61'10/6I/60
3T.EIVI:ET'T0/61/60
89'3I'01:31'I0/6I/60
617.3I'OI:TT'T0/61/60
6E'3IVE:01'I0/6I/60

4X4'WPG34SUMOG



DownStream.txt
09/21/01,10:10,12.18
09/21/01,11:10,12.18
09/21/01,12:10,12.34
09/21/01,13:10,12.49
09/21/01,14:10,12.81
09/21/01,15:10,12.96
09/21/01,16:10,13.12
09/21/01,17:10,13.12
09/21/01,18:10,13.27
09/21/01,19:10,13.12
09/21/01,20:10,13.12
09/21/01,21:10,13.12
09/21/01,22:10,12.96
09/21/01,23:10,12.96
09/22/01,00:10,12.81
09/22/01,01:10,12.81
09/22/01,02:10,12.65
09/22/01,03:10,12.65
09/22/01,04:10,12.49
09/22/01,05:10,12.34
09/22/01,06:10,12.18
09/22/01,07:10,12.03
09/22/01,08:10,12.03
09/22/01,09:10,12.03
09/22/01,10:10,12.18
09/22/01,11:10,12.49
09/22/01,12:10,12.96
09/22/01,13:10,13.42
09/22/01,14:10,13.88
09/22/01,15:10,14.19
09/22/01,16:10,14.51
09/22/01,17:10,14.51
09/22/01,18:10,14.51
09/22/01,19:10,14.35
09/22/01,20:10,14.19
09/22/01,21:10,14.04
09/22/01,22:10,13.88
09/22/01,23:10,13.73
09/23/01,00:10,13.58
09/23/01,01:10,13.42
09/23/01,02:10,13.27
09/23/01,03:10,13.12
09/23/01,04:10,12.96
09/23/01,05:10,12.65
09/23/01,06:10,12.49
09/23/01,07:10,12.34
09/23/01,08:10,12.18
09/23/01,09:10,12.18
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91 abed

ZT'ET'01:60'T0/SZ/60
ZUET'OI:80ITO/SZ/60
ZI.EIIOT:L0'IO/SZ/60
ZI.EI'O1:90'10/SZ/60
ZT"EI'OT:SO'TO/SZ/60
ZI.EI'O1:WIO/SZ/60
ZT'ET10I:CO'IO/SZ/60
ZT"WOT:ZOI10/SZ/60

-L'ET'01:10IT0/SZ/60
LZ.EIVE:00'10/SZ/60
LZ"E1'OI:EZITO//60
LZ'LL'OT:ZZ'T0/17Z/60
LZ.ET'OI:TZ'IO/6Z/60
Z6'E1IO1:OZ'IO/Z/60
8S'ET'O1:6T'TO/6Z/60
EL'E1IOT:8TITO/6Z/60
EL"WOI:LidTO/Z/60
EL'E1'O1:91'IO/6Z/60
Z6'ET'01:STITO/6Z/60
LZ"EIVE:6I'TO/Z/60
ZI'WOT:TITO/Z/60
96'ZI'OI:Z1'TO/6Z/60
96.31'01:IIdIO/6Z/60
18'31IO1:O1I1O/Z/60
C9-ZTVI:60'IO/Z/60
S9'Z1'01:801TO/Z/60
C9'ZI'0I:LOI1O/6U60
18'I'01:9011O/3/60
96"ZI'OT:CO'TO/Z/60

-I'ET'OT:170'IO/6Z/60
LZ'Ll'OT:EVIO/63/60
LZ.LE'OT:ZO'1O/3/60
8S'E1IOT:TOITO/63/60
EL'ET'01:00'IO/62/60
88'W01:U'IO/M60
60'6E'01:ZjI0/EZ/60
6O'6E'01:TZ'1O/EZ/60
6T.6I101:0ZjI0/EZ/60
TS.6I'01:61I1O/E3/60
99.17VOT:8fIO/EZ/60
Z8'6T'OI:LII1O/EZ/60
99.61'01:9IITO/EZ/60
TS"6I'0I:81ITO/EZ/60
60.17V01:61'IO/EZ/60
8S'ET'OI:LY1O/U/60
L'E1'OI:ZT'TO/M60
T8'ZI'O1:I1'IO/EZ/60

qxl.wpaiqsumou



DownStream.txt
09/25/01,10:10,13.27
09/25/01,11:10,13.27
09/25/01,12:10,13.27
09/25/01,13:10,13.42
09/25/01,14:10,13.58
09/25/01,15:10,13.58
09/25/01,16:10,13.58
09/25/01,17:10,13.58
09/25/01,18:10,13.58
09/25/01,19:10,13.58
09/25/01,20:10,13.42
09/25/01,21:10,13.42
09/25/01,22:10,13.42
09/25/01,23:10,13.42
09/26/01,00:10,13.42
09/26/01,01:10,13.42
09/26/01,02:10,13.58
09/26/01,03:10,13.58
09/26/01,04:10,13.42
09/26/01,05:10,13.27
09/26/01,06:10,13.27
09/26/01,07:10,13.27
09/26/01,08:10,13.12
09/26/01,09:10,13.12
09/26/01,10:10,13.27
09/26/01,11:10,13.27
09/26/01,12:10,13.42
09/26/01,13:10,13.88
09/26/01,14:10,13.88
09/26/01,15:10,14.19
09/26/01,16:10,13.88
09/26/01,17:10,14.35
09/26/01,18:10,14.04
09/26/01,19:10,13.73
09/26/01,20:10,13.73
09/26/01,21:10,13.42
09/26/01,22:10,13.27
09/26/01,23:10,12.96
09/27/01,00:10,12.81
09/27/01,01:10,12.65
09/27/01,02:10,12.34
09/27/01,03:10,12.18
09/27/01,04:10,11.87
09/27/01,05:10,11.72
09/27/01,06:10,11.41
09/27/01,07:10,11.25
09/27/01,08:10,11.1
09/27/01,09:10,10.94
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81 abed

8P-01'0T:60'10/6Z/60

8"CI1IOT:80'10/6Z/60

8E.OT'O1:LVI0/6Z/60

86'0I'01:90'10/6Z/60

8.0I'01:80'10/6Z/60

9-01101:I/0110/6Z/60

6L'OT'01:80'10/6Z/60

66.01'OT:Z0'10/6Z/60

1-T1'01:10'10/6Z/60

SZ-11101:00j10/6Z/60

-I'IT'0T:Z1-10/8Z/60

I17.1I'01:ZZ'IO/8Z/60

98-11'01:IV10/8Z/60

ZL.11101:0Z1I0/8Z/60

ZU1I'01:6I'10/8Z/60

L8'I1'01:81'10/8Z/60

80.Z1'01:LI'10/8Z/60

80-Z1'01:91'10/8Z/60

ZCI1'OT:SI'10/8Z/60

1"-II'OT:W10/8E/60

I-TT'01:81'10/8Z/60

b9.0TIOT:ZIII0/8Z/60
E8"OI'01:11I10/8Z/60

Z0.0I'0I:01'I0/8Z/60

98'6'01:60'10/8Z/60

98'6'0T:80'TO/8Z/60

Z0.0110I:LOITO/8Z/60

LI-0I'O1:90110/8Z/60

E8"0IdOI:SVT0/8Z/60

8-0I'0I:b0'10/8Z/60

f79.01101:E0110/8Z/60

6C0I'01:0'10/8Z/60

6.0I'OI:I0'10/8Z/60

I.II'OI:001I0/8Z/60

SZ—II1OT:IO/LZ/60

98-IIIOT:VIO/LZ/60

ZCTI'01:1Z'10/LZ/60

L8.1I'OI:OVI0/LZ/60

UCZI'01:61'10/LZ/60

U0"ZI'0I:81'10/LZ/60

8I'ZI'OI:LT'10/LZ/60

0.Z1'01:91'IO/LZ/60

831"Z1'01:8I'I0/LZ/60

L8-II'0I:W10/LZ/60

I6.11'0I:81'I0ULV60

SZ—I1'OI:ZI'I0/LZ/60

1.-LI'OI:1I'IO/LZ/60

M.01'0I:0TIT0/LZ/60
qx4•weeaqsumoG



DownStream.txt
09/29/01,10:10,10.64
09/29/01,11:10,10.94
09/29/01,12:10,11.25
09/29/01,13:10,11.72
09/29/01,14:10,12.18
09/29/01,15:10,12.34
09/29/01,16:10,12.65
09/29/01,17:10,12.65
09/29/01,18:10,12.65
09/29/01,19:10,12.65
09/29/01,20:10,12.49
09/29/01,21:10,12.34
09/29/01,22:10,12.18
09/29/01,23:10,12.03
09/30/01,00:10,11.87
09/30/01,01:10,11.72
09/30/01,02:10,11.56
09/30/01,03:10,11.41
09/30/01,04:10,11.25
09/30/01,05:10,11.1
09/30/01,06:10,11.1
09/30/01,07:10,11.1
09/30/01,08:10,11.25
09/30/01,09:10,11.25
09/30/01,10:10,11.41
09/30/01,11:10,11.41
09/30/01,12:10,11.56
09/30/01,13:10,11.87
09/30/01,14:10,12.03
09/30/01,15:10,12.34
09/30/01,16:10,12.65
09/30/01,17:10,12.81
09/30/01,18:10,12.65
09/30/01,19:10,12.49
09/30/01,20:10,12.34
09/30/01,21:10,12.18
09/30/01,22:10,12.03
09/30/01,23:10,11.87
10/01/01,00:10,11.72
10/01/01,01:10,11.56
10/01/01,02:10,11.41
10/01/01,03:10,11.25
10/01/01,04:10,11.1
10/01/01,05:10,10.94
10/01/01,06:10,10.79
10/01/01,07:10,10.64
10/01/01,08:10,10.64
10/01/01,09:10,10.79
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OZ abed

SS-6'0I:601I0/E0/0T
SS'6'0I:801I0/E0/OI
SS.6'0I:LO'IO/E0/0I
TC6'01:901TO/E0/OT

ZO.01'0I:SO'IO/E0/0I

UOTIOT:E0'I0/E0/0I

8.0I'OI:ZO'I0/E0/0T
6L'01'01:I0'TO/E0/0T
66'0I'0I:00'IO/E0/OI
T'IT'OT:EVIO/ZO/OT

SZ.TVOI:ZITO/ZO/OT

99.I1'0I:OZITO/Z0/OT
n'IT'OT:WIO/ZO/OT
L8'IT'0I:8I'I0/30/01
£0.ZI'0I:LTITORO/OI
L8.TT'01:9IITOn0/O1
ZCTI'OT:SI'TO/ZO/OT

66.0I'01:ET'IORO/O1
8.01'0I:ZIITO/Z0/0T
ZO'OT'OT:IT'TO/ZO/OT
TC6'01:01IT0/ZO/O1
IL.6101:601TO/ZO/O1
IL-610I:801I0/ZO/0T
98.6'0I:L0'I0/Z0/0T

ZO.OT'01:90'10/0/01
LI.0I'0I:90'10/30/01
£9.0I'OT:60'TO/Z0/0I
86.01'0I:90'10/30/0I
6L.01'OI:ZO'IO/Z0/0T

£Z.II'0I:00'10/Z0/OT
T6'1T'OI:EZ'10/I0/0I

L8' 11'01:13'10/10/01
£0.ZI'0I:OZ'10/I0/0I
8"ZI'0I:6I'10/TO/OT

66'ZI'OT:8I'I0/10/01
£9.3I'0I:LII10/I0/0I
59" 31'01:91'10/10/01

81'1'0I:WIO/TO/OI
3L'IT'OT:ET'IO/IVOT
SZ.I1'0I:31'10/TO/OT
I'I1'0I:II'TO/I0/0I

6L'01'OI:WTO/I0/0I
1x4•wea3-4sumoa



DownStream.txt
10/03/01,10:10,9.71
10/03/01,11:10,10.02
10/03/01,12:10,10.33
10/03/01,13:10,10.48
10/03/01,14:10,10.94
10/03/01,15:10,11.25
10/03/01,16:10,11.41
10/03/01,17:10,11.56
10/03/01,18:10,11.41
10/03/01,19:10,11.25
10/03/01,20:10,11.1
10/03/01,21:10,10.94
10/03/01,22:10,10.79
10/03/01,23:10,10.64
10/04/01,00:10,10.48
10/04/01,01:10,10.33
10/04/01,02:10,10.17
10/04/01,03:10,10.02
10/04/01,04:10,9.71
10/04/01,05:10,9.55
10/04/01,06:10,9.39
10/04/01,07:10,9.39
10/04/01,08:10,9.24
10/04/01,09:10,9.24
10/04/01,10:10,9.24
10/04/01,11:10,9.55
10/04/01,12:10,10.02
10/04/01,13:10,10.48
10/04/01,14:10,10.94
10/04/01,15:10,11.25
10/04/01,16:10,11.56
10/04/01,17:10,11.56
10/04/01,18:10,11.41
10/04/01,19:10,11.25
10/04/01,20:10,11.1
10/04/01,21:10,10.79
10/04/01,22:10,10.64
10/04/01,23:10,10.48
10/05/01,00:10,10.33
10/05/01,01:10,10.02
10/05/01,02:10,9.71
10/05/01,03:10,9.55
10/05/01,04:10,9.24
10/05/01,05:10,9.09
10/05/01,06:10,8.93
10/05/01,07:10,8.63
10/05/01,08:10,8.47
10/05/01,09:10,8.47
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ZZ abed

88'6'01:60/10/LO/0T

68'6'01:80ITO/LO/OT

88.6'01:L0ITO/LO/OT

88.6'01:90'10/L0/0T

88.6'01:801I0/L0/0I

TC6'01:170'IO/LO/OT

IL'6'01:80'IO/LO/OT

98-6101:ZO'TO/L0/0I

ZO'OVOT:TVTO/LO/OT

LI.01'0I:001TO/LO/OT

8'OI'OT:Z'T0/90/0T

8.01'0I:ZZ'I0/90/01

6C01'OI:IZ'I0/90/01

176.01'0I:OZ'T0/90/0T

T.TVOI:6I'I0/90/0T

I6-TVO1:8VT0/90/0I

98.IT'01:LT'10/90/0T

98-11'01:91'TO/90/0T

1-1T10-1:8I'T0/90/0I

1'11'01: I'10/90/01

D'6.0TVE:E1'I0/90/01

8.01'01:ZI'I0/90/01

E8'01IO1:I1'T0/90/0I

ZO.01'01:01'I0/90/0T

98'6'01:60'TO/90/0T

TC6'01:80'10/90/01

1C610T:LO'IO/90/01

IL'6'0T:901I0/90/0I

TC6'01:80'10/90/01

IL'6'01:f70'10/90/0T

1C6'01:0jI0/90/0I

IL-610T:Z0'I0/90/0I

TC6'0T:TO'IO/90/0T

Z0'01'01:00'10/90/01

LI.0TIOT:EV10/80/0I

88'01'0I:ZZjI0/80/01

86.0T'01:IZ'IO/80/0T

b9.0VOI:OZ°I0/80/01

6C0T'01:6I'T0/80/0T

t/6'0I'O1:81'IO/80/0I

T.TT'OT:LT'IO/CO/OT

6.01VE:9I'T0/80/01

6CWOI:SI'IO/80/01

8f7.0-l'01:6I'I0/80/0I

ZO'0T'01:T'T0/80/01

88.6'01:ZV10/80/0T

60'6'01:11'TO/80/0T

29.8'01:0T'T0/80/0I
4x-4•weG54sumo9



DownStream.txt
10/07/01,10:10,9.55
10/07/01,11:10,9.55
10/07/01,12:10,9.71
10/07/01,13:10,9.86
10/07/01,14:10,9.86
10/07/01,15:10,10.17
10/07/01,16:10,10.33
10/07/01,17:10,10.48
10/07/01,18:10,10.48
10/07/01,19:10,10.48
10/07/01,20:10,10.33
10/07/01,21:10,10.33
10/07/01,22:10,10.33
10/07/01,23:10,10.33
10/08/01,00:10,10.33
10/08/01,01:10,10.33
10/08/01,02:10,10.33
10/08/01,03:10,10.33
10/08/01,04:10,10.33
10/08/01,05:10,10.48
10/08/01,06:10,10.48
10/08/01,07:10,10.48
10/08/01,08:10,10.64
10/08/01,09:10,10.79
10/08/01,10:10,10.79
10/08/01,11:10,10.79
10/08/01,12:10,10.94
10/08/01,13:10,11.25
10/08/01,14:10,11.56
10/08/01,15:10,11.56
10/08/01,16:10,11.72
10/08/01,17:10,11.56
10/08/01,18:10,11.56
10/08/01,19:10,11.41
10/08/01,20:10,11.41
10/08/01,21:10,11.25
10/08/01,22:10,11.1
10/08/01,23:10,11.1
10/09/01,00:10,10.94
10/09/01,01:10,10.94
10/09/01,02:10,10.94
10/09/01,03:10,10.79
10/09/01,04:10,10.64
10/09/01,05:10,10.64
10/09/01,06:10,10.48
10/09/01,07:10,10.48
10/09/01,08:10,10.33
10/09/01,09:10,10.33
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bZ abed

IC6'01:60'10/1I/01

IL.6j01:80'10/II/OT

IL.610T:LO'I0/1T/OI

88.6'01:90'10/11/01

88.610T:SO'T0/II/OI

88.6'01:60110/II/OT

88.6101:0'10/1I/01

6.8j0T:Z0'10/1I/01

88.610T:TVIO/TI/OT

ZO'01'OI:00'10/II/OT

LT.WOI:EZ'IO/OT/OI

ar0I'OT:ZZd10/0I/OI

98.6'0I:IZII0/0T/OT
98.6'0I:0Z'I0/01/OT

98.6'0I:61'10/OI/OT

98'6'01:81'TO/01/0T

98.6101:LT'TO/OI/OT

98.6101:91110/01/01

98.6d0T:1'I0/OI/OI

88.6'01:E1'I0/OT/OT

68.6'01:Z1'IO/01/0I

6E.6-101:TTITO/OI/OT

t7E-6'01:0T1I0/0T/OT

Z.610T:601I0/01/OT

f/Z.610-1:80110/0T/0T

.Z.610I:LOITO/OT/OT

68'6'01:90'T0/0T/0T

88.6'01:80'10/0T/OT

88.6'0I:0'10/0T/01

1L'6'01:0'10/01/OI

ZO.WOI:ZO'IVOT/OI

LT.OVOI:TVIVOI/OT

8.01'OI:00'10/0I/OT

9.01'0I:EZ'I0/60/0I

6C01'01:ZVI0/60/01

t76.0I'01:IE'10/60/0I

1'I1IOI:00/60/01

Tfi—IT'OT:6I'T0/60/0I

98.T1'O1:81'I0/60/01

ZL'I1'01:LI'I0/60/01

ZL—WOI:WT0/60/0T

9S—IT'0I:8I'10/60/01

It'11'OI:t7I'10/60/0I

6.0I'0I:E1'I0/60/0I

6COTIOT:EI'10/60/0I

8b.01'01:II'10/60/0I

88'01'01:01'T0/60/01
1.X4•W2@i4SUMOU



DownStream.txt
10/11/01,10:10,9.71
10/11/01,11:10,10.02
10/11/01,12:10,10.17
10/11/01,13:10,10.33
10/11/01,14:10,10.48
10/11/01,15:10,10.79
10/11/01,16:10,10.64
10/11/01,17:10,10.64
10/11/01,18:10,10.64
10/11/01,19:10,10.48
10/11/01,20:10,10.33
10/11/01,21:10,10.33
10/11/01,22:10,10.17
10/11/01,23:10,10.17
10/12/01,00:10,10.02
10/12/01,01:10,10.02
10/12/01,02:10,10.02
10/12/01,03:10,9.86
10/12/01,04:10,9.86
10/12/01,05:10,9.86
10/12/01,06:10,9.86
10/12/01,07:10,9.86
10/12/01,08:10,9.86
10/12/01,09:10,9.86
10/12/01,10:10,9.86
10/12/01,11:10,10.02
10/12/01,12:10,10.17
10/12/01,13:10,10.17
10/12/01,14:10,10.17
10/12/01,15:10,10.33
10/12/01,16:10,10.33
10/12/01,17:10,10.33
10/12/01,18:10,10.64
10/12/01,19:10,10.48
10/12/01,20:10,10.64
10/12/01,21:10,10.94
10/12/01,22:10,10.79
10/12/01,23:10,10.64
10/13/01,00:10,10.64
10/13/01,01:10,10.64
10/13/01,02:10,10.64
10/13/01,03:10,10.64
10/13/01,04:10,10.48
10/13/01,05:10,10.48
10/13/01,06:10,10.48
10/13/01,07:10,10.33
10/13/01,08:10,10.33
10/13/01,09:10,10.33
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9z abed

ZO'OTIOI:60'IO/SI/0I
LI.OT'OT:80'I0/ST/OT
LUOTIOT:LO'IO/SI/OT
LT.OVOI:90'10/0T/OT
00.0T'OT:SO'I0/GT/OI
E8"OI'OT:0'10/01/01
EUOTIOT:EO'TO/ST/OT
EUWOT:ZO'TO/Cl/OT
£0.0I'0I:10'I0/ST/OT
86.0IVE:00'10/S1/01
69.0I'OI:EZITO/61/01
6L'0T'01:ZZITO/T/OT
66.0I'01:IZ'I0/61/OI
T.IIVE:WIO/VI/OT

T6.TI'01:6-1°T0/6T/OT
90.IT'01:8I'T0/6I/0T
90—EVOT:LT'TO/f7T/OT
ZCI1'0I:9I'T0/6T/OT
90.IT'OT:SVIO/61/0I
I6.1I'01:WIO/6T/OI
SZ.IT'OT:ET'TO/WOI

T'IT'OI:ZT'TO/WOT
6COTVE:I1'TO/61/OI
6C0TIOT:0I'10/6I/OT
69-0T'OT:601TO/1/OI
69.0T'0I:80'T0/61/01
179.0T'01:LO'I0/6I/0T
69-W0T:90'TO/6T/0T
69'01'0I:00'I0/61/01
69.0-I'01:O'10/6I/0I
179.01'01:00'TO/6q/OT
86-01'01:Z0'10/6I/0T
86'0T'01:10'IO/6T/OT
8.01'01:00'I0/6I/0T
8'0I'01:03'I0/ET/O1
8.0110I:33'10/81/0I

69.0I'01:1Z'IO/I/OI
179'01'01:03'10/0I/0I
179.0T'01:6I'T0/E1/OT
6L.WOI:WTO/EI/OT
6L'01'0I:LT'10/0I/01
6COV0I:9T'10/EI/OI
69.0I'OI:SI'TO/EI/OI
t'9"0-L'OT:WTO/ET/OT
8.01'OT:E1'10/81/01
817-0I'01:Z1'10/01/0-E
EUOT'OT:IT'WET/OT
8"01'0I:0I'10/ET/OT

qx4-wea1qsumoG



DownStream.txt
10/15/01,10:10,10.02
10/15/01,11:10,10.17
10/15/01,12:10,10.48
10/15/01,13:10,10.79
10/15/01,14:10,11.1
10/15/01,15:10,11.25
10/15/01,16:10,11.41
10/15/01,17:10,11.41
10/15/01,18:10,11.41
10/15/01,19:10,11.25
10/15/01,20:10,11.1
10/15/01,21:10,11.1
10/15/01,22:10,10.94
10/15/01,23:10,10.79
10/16/01,00:10,10.79
10/16/01,01:10,10.79
10/16/01,02:10,10.64
10/16/01,03:10,10.48
10/16/01,04:10,10.48
10/16/01,05:10,10.33
10/16/01,06:10,10.33
10/16/01,07:10,10.17
10/16/01,08:10,10.17
10/16/01,09:10,10.17
10/16/01,10:10,10.33
10/16/01,11:10,10.48
10/16/01,12:10,10.48
10/16/01,13:10,10.48
10/16/01,14:10,11.1
10/16/01,15:10,10.79
10/16/01,16:10,10.79
10/16/01,17:10,10.79
10/16/01,18:10,10.79
10/16/01,19:10,10.64
10/16/01,20:10,10.64
10/16/01,21:10,10.33
10/16/01,22:10,10.17
10/16/01,23:10,10.02
10/17/01,00:10,9.86
10/17/01,01:10,9.71
10/17/01,02:10,9.39
10/17/01,03:10,9.24
10/17/01,04:10,9.09
10/17/01,05:10,8.93
10/17/01,06:10,8.78
10/17/01,07:10,8.63
10/17/01,08:10,8.47
10/17/01,09:10,8.47
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8Z GbPd

60'6'01:81'TO/8T/0T

86.810I:ZT'I0/8I/OI

8L-810I:IT'10/8I/01

89'8'0T:01'TO/8T/0T

L..8'0I:60'10/8T/01

L6' 8'01:80'10/81/01

L6.8'01:L0'10/8I/0I

L6.8'01:90'10/8T/OT

89'8'0T:80'10/8T/0T

89'8'0T:19'0'10/8T/0T

8L'8'01:80'10/81/0I

8C8'01:10'I0/81/OT

86'8'01=T0'10/8T/OI

60'6'01:00'10/8T/0T

60'6'01:81'10/LT/0T

61'6101:ZZIT0/LI/01

Z.6'0I:TZIT0/LI/OT

68.6'0I:01I10/LI/OT

88.6'01:6IITO/LT/OT

IL-610-1:8IjI0/LI/OT

TC6'0I:LIITO/LT/OT

IL.6'01:91A10/LT/OI

88.6'0I:ST'IO/LI/OT

68.6'01:6I'I0/L1/0I

6Z.6'01:21'TO/LT/O1

26.8'01:ZTITO/LT/OI

89.8'01:11'IO/LT/OT

L17.8'0I:01'I0/LI/OT
qxq-wealqsumou





sunsall ainwiadtuai itteaAls	-pug
£ qmall I0OZ
:0 XIGNIciaV



-{ abed

L6.1'00:9IITO/LI/90

178.ZI'00:ST'T0/LI/90

ZZ'ZI'00:DVIO/LI/90

9L-TI'00:1'I0/LI/90

9—I1'00:ZI'T0/L1/90

86'01'00:11'10/LT/90

L9'0I'00:0I'10/LT/90

TS.W00:601TO/LI/90

98'0I'00:80'10/LI/90

98'0I'00:LOITO/LI/90

98.0I'00:90410/L1/90

L9.01'00:WIO/LI/90

86'01100:W-[0/LT/90

-E.TT'00:80'10/LI/90

6Z-11'00:Z0'I0/LI/90

r717-IT'00:104I0/L1/90

9'I1'00:00'IO/LI/90

16—IT'00:EZ'10/9I/90

LO'ZI100:ZZ'T0/91/90

88'ZI'00:IV10/9I/90

ES'ZI'00:0Z'10/9I/90

69'Z1100:61110/91/90

69.ZI'00:81'10/91/90

69.Z1'00:LI1I0/91/90

69.ZI'00:91110/91/90

88"ZI'00:ST'10/91/90

ZZ'ZI'00:W10/91/90

9.IV00:1110/9-1/90

62"11'00: 1'10/91/90

ET.TI100:11'I0/91/90

86'01'00:01'10/91/90

86.01'00:60110/91/90

Z8'01'00:80'10/91/90

Z8.0V00:L0'I0/91/90

Z8'01
1
00:90'10/91/90

86'01'00:SO110/9T/90

86.01100:60'10/91/90

E1'11'00:E0'I0/91/90

66—I1100:0'10/91/90

9-11'00:10'TO/91/90

16'I1'00:001I0/9I/90

ZZ.ZT100:U'I0/SI/90

8E'Zij00:ZVTO/SI/90

69.2I'00:IVIO/ST/90

68'2I'00:0ZITO/ST/90

81'00:61'I0/SI/90

EI'00:8I1TO/SI/90
aan4eaadwaValuTVG4ea

4x4.weel4sdn



UpStream.txt
06/17/01,17:00,13.31
06/17/01,18:00,13.47
06/17/01,19:00,13.16
06/17/01,20:00,13.16
06/17/01,21:00,12.84
06/17/01,22:00,12.69
06/17/01,23:00,12.53
06/18/01,00:00,12.22
06/18/01,01:00,12.07
06/18/01,02:00,11.91
06/18/01,03:00,11.76
06/18/01,04:00,11.6
06/18/01,05:00,11.44
06/18/01,06:00,11.29
06/18/01,07:00,11.13
06/18/01,08:00,11.13
06/18/01,09:00,11.29
06/18/01,10:00,11.29
06/18/01,11:00,11.29
06/18/01,12:00,11.76
06/18/01,13:00,12.53
06/18/01,14:00,13.31
06/18/01,15:00,13.93
06/18/01,16:00,14.24
06/18/01,17:00,14.39
06/18/01,18:00,14.55
06/18/01,19:00,14.39
06/18/01,20:00,14.08
06/18/01,21:00,13.77
06/18/01,22:00,13.47
06/18/01,23:00,13.16
06/19/01,00:00,12.84
06/19/01,01:00,12.53
06/19/01,02:00,12.22
06/19/01,03:00,11.91
06/19/01,04:00,11.6
06/19/01,05:00,11.29
06/19/01,06:00,11.13
06/19/01,07:00,10.98
06/19/01,08:00,10.98
06/19/01,09:00,11.13
06/19/01,10:00,11.44
06/19/01,11:00,12.07
06/19/01,12:00,12.84
06/19/01,13:00,13.62
06/19/01,14:00,14.39
06/19/01,15:00,14.87
06/19/01,16:00,15.18
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E abed

Z9.9Ij00:91110/TZ/90

E.91'00:ST'I0/H/90

Z8-STI00:6T'IO/TZ/90

8I-ST'00:EI'TO/TZ/90

6E.61'00:ZIIT0PH/90

L6'E1'00:TIITO/IZ/90

E1'00:0T1I0/TZ/90

ES'ZI'00:60ITO/TZ/90

8E'ZI'00:80'I0/IZ/90

ES'Zi'00:L0'I0/IZ/90

69.ZI'00:90'10/TZ/90

68'ZI100:SVI0/IZ/90

91'E1'00:01I0/TZ/90

LA7'E1100:E0'10/TZ/90

LL'ET°00:Z0'I0/1Z/90

80.61'00:I0'I0/TU90

6E.6E'00:001I0/TZ/90

IL"61'00:EVI0/OZ/90

81-SI'00:ZZ'IO/OZ/90

TS'STIOO:TZITO/0Z/90

Z8-SI100:0ZI1O/OZ/90

6T-9I'00:6I'I0/OZ/90

E.91'00:8T'IO/OZ/90

E.9i'00:LI'I0/OZ/90

frI.9I'00:9I'I0/OZ/90

Z8-SI'00:SI'I0/OZ/90

P8"ST'00:6I'IO/OZ/90

Sc.f7I'00:EI'IO/OZ/90

LL'EI100:ZI'IO/W90

178-Z1'00:11'TO/0Z/90

8E'ZI'00:0I'IO/OZ/90

LO'Z1'00:60'10/0Z/90

T6'I1'00:80dT0/0Z/90

T6'IT'00:L0'IO/0Z/90

LO'ZI'00:901TO/0Z/90

8E'ZI100:50'IO/OZ/90

69.Z1'00:0'10/0Z/90

E1'00:E0'10/0Z/90

9I.EI'00:Z0'IO/OZ/90

L6'E1100:10'10/0Z/90

LCEI'00:00'INOZ/90

6Z"6I'00:EZ'I0/61/90

gc-61'00:ZZII0/61/90

L8'61'00:TZ'I0/61/90

8T'SI100:0Z1I0/6I/90

6E-S-1'00:61'10/61/90

99.SI'00:81'10/61/90

IS.GI'00:LI'10/6I/90

4xq•weGal-SdA



UpStream.txt
06/21/01,17:00,16.78
06/21/01,18:00,16.78
06/21/01,19:00,16.46
06/21/01,20:00,16.3
06/21/01,21:00,15.98
06/21/01,22:00,15.66
06/21/01,23:00,15.18
06/22/01,00:00,14.87
06/22/01,01:00,14.55
06/22/01,02:00,14.39
06/22/01,03:00,14.08
06/22/01,04:00,13.93
06/22/01,05:00,13.77
06/22/01,06:00,13.62
06/22/01,07:00,13.47
06/22/01,08:00,13.16
06/22/01,09:00,13.16
06/22/01,10:00,13.16
06/22/01,11:00,13.16
06/22/01,12:00,13.16
06/22/01,13:00,13.31
06/22/01,14:00,13.47
06/22/01,15:00,13.77
06/22/01,16:00,14.24
06/22/01,17:00,14.55
06/22/01,18:00,14.55
06/22/01,19:00,14.39
06/22/01,20:00,14.24
06/22/01,21:00,14.08
06/22/01,22:00,13.77
06/22/01,23:00,13.47
06/23/01,00:00,13.31
06/23/01,01:00,13.16
06/23/01,02:00,13
06/23/01,03:00,12.84
06/23/01,04:00,12.69
06/23/01,05:00,12.69
06/23/01,06:00,12.53
06/23/01,07:00,12.38
06/23/01,08:00,12.38
06/23/01,09:00,12.38
06/23/01,10:00,12.53
06/23/01,11:00,12.84
06/23/01,12:00,13.31
06/23/01,13:00,13.77
06/23/01,14:00,13.93
06/23/01,15:00,14.08
06/23/01,16:00,14.39
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S abed

IC6T100:9T'IO/SZ/90

6E-61100:SVIO/SZ/90

LL'EI'00:6T'TO/SZ/90

9T"81100:8I'TO/SZ/90

S'ZI'00:ZI'IO/SZ/90

ZZ'Z1'00:II'IO/SZ/90

9CTI'00:01'IO/SZ/90

9.IT'00:60'10/SZ/90

9"II'00:80'10/W/90

9"1I100:LO'TO/W/90

9—LT100:90'10/W/90

9L'IT100:SVIO/W/90

I6'I1'00:60'I0/W/90

I6-1I100:0110/W/90

L0'ZI100:ZO'IO/SZ/90

ZZ.ZT'00:10'IO/W/90

8E'ZI100:001I0/W/90

8E.Z1'00:ZITO/Z/90

88"ZI100:ZZITO/6Z/90

ES'ZI'00:-H110/6Z/90

69.ZI100:0ZI1O/6Z/90

69"Z1'00:61'10/6Z/90

69.ZI'00:8-EjT0/Z/90

68'ZI100:Li'IO/6Z/90

68'ZI'00:91ITO/6Z/90

69'ZI'00:SI'IO/Z/90

69.1100:6I'TO/Z/90

S'ZI'00:EVIO/6Z/90

8E'ZI'00:ZVIO/6Z/90

Z.ZT'00:I1'IO/Z/90

ZZ.Z1100:0I1TO/Z/90

LO'ZI'00:60'10/17Z/90

16—EI'00:80'IO/6Z/90

I6-1I'00:LVIO/6Z/90

LO'ZI'00:90'IO/6Z/90

ZZ'ZI'00:SO'IO/6Z/90

ES'ZI'00:170'10/6Z/90

69.ZT'00:80'I0/6Z/90

68'ZI'00:ZO'IO/6Z/90

LE'00:10'IO/6Z/90

9I'81'00:001I0/Z/90

L6"U1100:ZiTO/Z/90

LL'I'00:ZIO/EZ/90

80.61'00:IV10/Z/90

68"6I'00:0Z'10/Z/90

SS.61'00:6I'I0/Z/90

SC.61'00:81'10/Z/90

SS'6I'00:LII10/Z/90

4x4•w2algsdn



UpStream.txt
06/25/01,17:00,14.71
06/25/01,18:00,14.71
06/25/01,19:00,14.39
06/25/01,20:00,14.24
06/25/01,21:00,13.93
06/25/01,22:00,13.62
06/25/01,23:00,13.47
06/26/01,00:00,13.16
06/26/01,01:00,12.84
06/26/01,02:00,12.69
06/26/01,03:00,12.53
06/26/01,04:00,12.38
06/26/01,05:00,12.07
06/26/01,06:00,11.91
06/26/01,07:00,11.91
06/26/01,08:00,11.91
06/26/01,09:00,11.91
06/26/01,10:00,12.07
06/26/01,11:00,12.07
06/26/01,12:00,12.38
06/26/01,13:00,13.16
06/26/01,14:00,14.08
06/26/01,15:00,14.55
06/26/01,16:00,14.87
06/26/01,17:00,15.03
06/26/01,18:00,14.71
06/26/01,19:00,14.71
06/26/01,20:00,14.55
06/26/01,21:00,14.39
06/26/01,22:00,14.24
06/26/01,23:00,14.08
06/27/01,00:00,13.93
06/27/01,01:00,13.77
06/27/01,02:00,13.62
06/27/01,03:00,13.47
06/27/01,04:00,13.31
06/27/01,05:00,13.31
06/27/01,06:00,13.16
06/27/01,07:00,13
06/27/01,08:00,13
06/27/01,09:00,13.16
06/27/01,10:00,13.16
06/27/01,11:00,13.16
06/27/01,12:00,13.16
06/27/01,13:00,13.31
06/27/01,14:00,14.24
06/27/01,15:00,14.71
06/27/01,16:00,14.39
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L abed

80"ST'00:9III0/6Z/90

SS.61I00:SI'I0/6Z/90

80.6I'00:6I'I0/6Z/90

L.'81'00:81'10/6Z/90

68.ZI'00:ZI'10/6Z/90

LUZI'00:TI'IO/6Z/90

9—W00:W10/6Z/90

6.11'00:60'10/6Z/90

1—II'00:801T0/6Z/90

8I'I1100:LOIT0/6Z/90

6.11'00:90110/6Z/90

9"I1100:SOIT0/6Z/90

I6-1I'00:6O'10/6Z/90

LUZI'00:E0110/6Z/90

8E'ZI100:ZVI0/6Z/90

69.Z1'00:IVI0/6Z/90

68-ZI'00:00'10/6Z/90

9I'E1100:EZITO/8Z/90

L6.81'00:ZZ'IO/8Z/90

Z9.8I'00:IZ'IO/8Z/90

86'E1'00:0Z'IO/8Z/90

86.81'00:6I'IO/8Z/90

E6'81'00:81'10/8Z/90

E6'81'OO:LI'IO/8Z/90

LL'E1'00:9I'I0/8Z/90

LL'E1100:ST'IO/8Z/90

Z9'81'00:61'I0/8U90

Z9.EI'00:81'I0/9Z/90

L6.8I'00:ZI'I0/Z/90

9I" 81'00:11'

68-ZI'00:0T'IO/8Z/90

69.Z1'00:60'10/8Z/90

69.1'00:80'10/8Z/90

68.Z1'00:LO'IO/8Z/90

68"Z 1100:90'10/8Z/90

81100:S0'TO/8Z/90

81'00:60'10/8Z/90

91-81'00:80'10/8Z/90

9I-EI100:0'10/8Z/90

18"EI'00:I0'10/8U90

IE.81'00:00'10/8Z/90

L6'E1'00:8Z'IO/LZ/90

Z9'81'00:ZZ'I0/LZ/90

LL-81'00:IZI10/LZ/90

LL'E1100:0ZII0/LZ/90

86'81'00:6T'ICULZ/90

86"EI'00:8I'I0/LZ/90
6Z.6I'00:LIII0/LZ/90

43(4•weG14Sdn



UpStream.txt
06/29/01,17:00,15.18
06/29/01,18:00,15.18
06/29/01,19:00,15.03
06/29/01,20:00,14.71
06/29/01,21:00,14.55
06/29/01,22:00,14.24
06/29/01,23:00,13.93
06/30/01,00:00,13.62
06/30/01,01:00,13.31
06/30/01,02:00,13
06/30/01,03:00,12.69
06/30/01,04:00,12.38
06/30/01,05:00,12.07
06/30/01,06:00,11.76
06/30/01,07:00,11.6
06/30/01,08:00,11.6
06/30/01,09:00,11.6
06/30/01,10:00,11.91
06/30/01,11:00,12.38
06/30/01,12:00,13.16
06/30/01,13:00,13.77
06/30/01,14:00,14.55
06/30/01,15:00,15.03
06/30/01,16:00,15.18
06/30/01,17:00,15.18
06/30/01,18:00,15.18
06/30/01,19:00,15.03
06/30/01,20:00,14.87
06/30/01,21:00,14.71
06/30/01,22:00,14.39
06/30/01,23:00,14.08
07/01/01,00:00,13.77
07/01/01,01:00,13.47
07/01/01,02:00,13.31
07/01/01,03:00,13
07/01/01,04:00,12.69
07/01/01,05:00,12.53
07/01/01,06:00,12.38
07/01/01,07:00,12.22
07/01/01,08:00,12.22
07/01/01,09:00,12.22
07/01/01,10:00,12.38
07/01/01,11:00,12.53
07/01/01,12:00,13.31
07/01/01,13:00,13.93
07/01/01,14:00,14.39
07/01/01,15:00,15.03
07/01/01,16:00,15.51
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6 abed

171.91'00:91I10/E0/L0
38.81'00:8I'TO/E0/L0
17E'STIO0:17T'TO/0/L0
TC6I'00:81iI0/E0/L0
E6'ET100:3TIT0/0/L0
91-E1'00:IIIT0/E0/L0
69.31'00:0III0/0/L0
88"31'00:60110/0/L0
88.3I100:80-110/0/L0
88"3I'00:LO'IO/E0/L0
8S"ZI'00:90'T0/80/L0
178.ZI'00:80'10/E0/L0
9I'ET'00:WTO/E0/L0
Liv.81'00:80110/0/L0
LL'EI'00:30'10/0/L0
80-171'00:I0'IO/E0/L0
68"171'00:00'10/0/L0
1L.1'00:83110/ZO/L0
80rST'00:ZZI10/Z0/L0
t'8"S1'00:13'10/Z0/L0
99.81100:03I10/Z0/L0
38.8I'00:61I10/Z0/L0
86'81'00:81'TO/30/L0
86.S1100:LIITO/Z0/L0
99'81'00:9-1'TO/30/L0
IS"SI'00:51'TO/ZO/L0
L8"171'00: 1'10/30/L0
173'171'00:8II10/Z0/L0
18"E1'00:31ITO/ZO/L0
8.31100:TT'10/Z0/L0
LO'31'00:0I'10/30/L0
9C1I100:60110R0/L0
9-11'00:80'TO/30/L0

9L'I1'00:LV10/ZO/L0
16'I1'00:90110/Z0/L0
33.31100:SOITO/ZO/L0
88.31100:1701TO/ZO/L0
178.3I'00:80/I0/0/L0
91-81'00:30'10/ZO/L0
L'E1I0O:TOI10/30/L0
86.81'00:00110/Z0/L0
VZ.171'00:EVIO/TO/L0
SS.171'00:331I0/TO/L0

L8.171100:TVIO/T0/L0

81'S1'00:03'TO/TO/L0

IS.SI'00:6I'T0/TO/L0

99'81'00:81'-10/T0/LO

99'81'00:LT1T0/10/LO
4x4-weGagsdn



UpStream.txt
07/03/01,17:00,16.3
07/03/01,18:00,16.46
07/03/01,19:00,16.3
07/03/01,20:00,16.14
07/03/01,21:00,15.98
07/03/01,22:00,15.66
07/03/01,23:00,15.34
07/04/01,00:00,15.03
07/04/01,01:00,14.71
07/04/01,02:00,14.39
07/04/01,03:00,14.08
07/04/01,04:00,13.77
07/04/01,05:00,13.47
07/04/01,06:00,13.16
07/04/01,07:00,13
07/04/01,08:00,13
07/04/01,09:00,13
07/04/01,10:00,13.31
07/04/01,11:00,13.77
07/04/01,12:00,14.71
07/04/01,13:00,15.51
07/04/01,14:00,16.14
07/04/01,15:00,16.78
07/04/01,16:00,16.93
07/04/01,17:00,17.09
07/04/01,18:00,17.09
07/04/01,19:00,16.93
07/04/01,20:00,16.46
07/04/01,21:00,16.14
07/04/01,22:00,15.82
07/04/01,23:00,15.51
07/05/01,00:00,15.03
07/05/01,01:00,14.71
07/05/01,02:00,14.39
07/05/01,03:00,14.24
07/05/01,04:00,14.08
07/05/01,05:00,13.77
07/05/01,06:00,13.62
07/05/01,07:00,13.47
07/05/01,08:00,13.47
07/05/01,09:00,13.31
07/05/01,10:00,13.47
07/05/01,11:00,13.62
07/05/01,12:00,14.08
07/05/01,13:00,14.39
07/05/01,14:00,15.03
07/05/01,15:00,15.51
07/05/01,16:00,15.82

Page 10



II abed

38-S1'00:91j-10/L0/LO

TS'S1'00:SI'TO/LO/L0

co'CI100:6TITO/L0/L0

68°61'00:EI'I0/LO/L0

39"8['00:3I1TO/LO/L0

68.ZI'00:I1IT0/LO/L0

ES'31'00:0II10/LO/L0

33-31'00:60110/L0/LO

33'31'00:80110/L0/LO

33'3I100:L0'I0/LO/L0

88'3I'00:901I0/LO/L0

69'31'00:S0110/L0/LO

81'00:01I0/LO/L0

T8"U1°00:£0'I0/LO/L0

Z9.1'00:30'10/LO/L0

£6"81°00:I0I10/LO/L0

17Z.61'00:00j1O/LO/L0

Sc'61'00:U110/90/L0

L8'01100:Z3'10/90/L0

81.S1'00:131I0/90/L0

TC.S1100:031I0/90/L0

Z8'ST°00:61'I0/90/L0

86"ST'00:81IT0/90/L0

38'SI'00:LT'10/90/L0

99-C1'00:91'I0/90/L0

8"SI'00:ST'I0/90/L0

L8'01'00:6I'T0/90/L0

3.01'00:E1'10/90/L0

L17.W00:3III0/90/L0

68.31'00:11II0/90/L0

8E-3I'00:0TII0/90/L0

ZZ'3I'00:60°I0/90/L0

33'3I'00:80'10/90/LO

33'31'00:LO'I0/90/L0

85.3I100:901I0/90/L0

69'31'00:S0'T0/90/LO

L1100:60'I0/90/L0

TE'E1'00:0'T0/90/L0

39-W00:Z0'TO/90/LO

6.EI°00:10110/90/L0

03'6-1'00:00'10/90/LO

cc'6I'00:Uf10/g0/L0

L8-6I'00:ZZ'I0/SO/L0

8T'st'00:13110/so/Lo
is-sVoo:HITO/So/Lo
38-si'00:61'10/so/Lo
61.91'00:81'T0/GO/L0

86.51'00:LIIIO/SO/L0
4x4-mea5 sdn



UpStream.txt
07/07/01,17:00,16.14
07/07/01,18:00,16.14
07/07/01,19:00,15.98
07/07/01,20:00,15.66
07/07/01,21:00,15.51
07/07/01,22:00,15.18
07/07/01,23:00,14.87
07/08/01,00:00,14.55
07/08/01,01:00,14.24
07/08/01,02:00,13.93
07/08/01,03:00,13.62
07/08/01,04:00,13.47
07/08/01,05:00,13.16
07/08/01,06:00,12.84
07/08/01,07:00,12.69
07/08/01,08:00,12.69
07/08/01,09:00,12.69
07/08/01,10:00,13
07/08/01,11:00,13.47
07/08/01,12:00,14.24
07/08/01,13:00,15.03
07/08/01,14:00,15.66
07/08/01,15:00,16.3
07/08/01,16:00,16.46
07/08/01,17:00,16.78
07/08/01,18:00,16.78
07/08/01,19:00,16.62
07/08/01,20:00,16.3
07/08/01,21:00,16.14
07/08/01,22:00,15.82
07/08/01,23:00,15.51
07/09/01,00:00,15.18
07/09/01,01:00,14.87
07/09/01,02:00,14.55
07/09/01,03:00,14.24
07/09/01,04:00,14.08
07/09/01,05:00,13.77
07/09/01,06:00,13.47
07/09/01,07:00,13.31
07/09/01,08:00,13.16
07/09/01,09:00,13.31
07/09/01,10:00,13.47
07/09/01,11:00,13.93
07/09/01,12:00,14.71
07/09/01,13:00,15.51
07/09/01,14:00,16.3
07/09/01,15:00,16.78
07/09/01,16:00,17.09

Page 12



abed

6.91100:9II1O/TT/L0

8C9I'00:8IITO/IT/L0

99.81100:8T'TO/TI/L0

aC81'00:ZTITO/IT/L0

PZ.6T'00:I1'T0/IT/L0

LL'ET'00:01110/IT/L0

L6.81'00:60110/II/L0

Lf7.8I'00:801TO/II/L0

29'81'00:L0'IO/1T/L0

LCW00:901TO/TI/L0

80.T'00:80110/11/L0

68"T'00:6OITO/II/L0

1061'00:8011O/IT/L0

H'S1'00:20ITO/IT/L0

D'E'ST'00:10110/II/L0

99.8I'00:001IVI1/L0

86-S1'00:8ZI1O/01/L0

£.9I'00:ZZI1O/0T/L0

9.9T'00:12II0/0T/L0

8L-91100:021I0/0I/L0

60"LT'00:6IIIVOI/L0

Zt7.LI100:81'IO/01/L0

n'LI'00:LVI0/OT/L0

60.LI'00:911I0/0I/L0

8C9I100:STITO/OT/L0

E.91'00:61'10/O1/L0

IS.S1'00:81'10/OI/L0

Sc't7Ti00:VTO/OT/L0

80.6T'00:IIII0/01/L0

£6.81'00:01I10/0T/L0

LCEI'00:60110/0T/L0

29.81'00:80110/01/L0

LL'81'OO:LOI10/01/L0

6.81'00:90110/01/L0

1/Z.171'00:S0'T0/0UL°

88.t71'00:60I10/01/L0

1L.1'00:0110/01/L0

80.SI'00:20I10/0I/L0

IG'S1'00:I0'I0/0T/L0

Z8-ST100:001I0/01/L0

86-81'00:8Z'10/60/L0

E.91'00:ZZ'I0/60/L0

Z9.9T100:TZI10/60/L0

6.9T'00:0Z1I0/60/L0

9Z.LI'00:6III0/60/L0

Zfi'LV00:8III0/60/L0

9Z-LI'00:LI'IO/60/L0
4x4'weGigsdn



UpStream.txt
07/11/01,17:00,17.26
07/11/01,18:00,17.26
07/11/01,19:00,17.09
07/11/01,20:00,16.78
07/11/01,21:00,16.46
07/11/01,22:00,16.14
07/11/01,23:00,15.98
07/12/01,00:00,15.66
07/12/01,01:00,15.34
07/12/01,02:00,14.87
07/12/01,03:00,14.71
07/12/01,04:00,14.39
07/12/01,05:00,14.08
07/12/01,06:00,13.77
07/12/01,07:00,13.47
07/12/01,08:00,13.47
07/12/01,09:00,13.47
07/12/01,10:00,13.47
07/12/01,11:00,13.93
07/12/01,12:00,14.08
07/12/01,13:00,14.39
07/12/01,14:00,14.55
07/12/01,15:00,14.87
07/12/01,16:00,15.18
07/12/01,17:00,15.34
07/12/01,18:00,15.66
07/12/01,19:00,15.82
07/12/01,20:00,15.66
07/12/01,21:00,15.51
07/12/01,22:00,15.34
07/12/01,23:00,15.18
07/13/01,00:00,14.71
07/13/01,01:00,14.39
07/13/01,02:00,14.08
07/13/01,03:00,13.77
07/13/01,04:00,13.47
07/13/01,05:00,13.31
07/13/01,06:00,13
07/13/01,07:00,12.84
07/13/01,08:00,12.84
07/13/01,09:00,12.84
07/13/01,10:00,13
07/13/01,11:00,13.16
07/13/01,12:00,13.31
07/13/01,13:00,13.47
07/13/01,14:00,13.62
07/13/01,15:00,14.24
07/13/01,16:00,14.55
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SI abed

69.3I'00:911I0/ST/L0
69.3T100:STITO/SI/L0
69.ZIj00:6TITO/ST/L0
69.3I100:E1'IO/ST/L0
69.3I'00:3II10/ST/L0
178-31'00:11I10/SI/L0
178'3I'00:01'I0/ST/L0
178.3I'00:601I0/SI/L0

ET'00:80'10/ST/L0
1'00:LOITO/ST/L0

91-1100:90'I0/S1/L0
TUETIOO:SO'TO/ST/L0
Lt''ET'00:170110/ST/L0
39°Td00:E0'10/ST/L0
LL'U1'00:Z0ITO/SI/L0

6-1'00:10110/ST/L0
17Z.W00:00d10/ST/L0
6E'1'00:3I10/VULO
TC17T'00:ZZ'IO/T/L0
L8-V1'00:I3'10/171/L0
E0'SId00:03jI0/t7T/L0
175°S1'00:6I'I0/171/L0
D'5°S1100:8TITO/f7T/L0
IS'ST100:LT'IO/17I/L0
99.SI'00:9I'IO/PT/L0
99-SI'00:ST'TO/PT/L0
8T'SI'00:171'10/171/L0
SC'1'00:LE'I0/171/L0
LL'E1'00:ZTITO/WL0

EI'00:1III0/f7T/L0
S'31'00:0T'T0/VE/LO

85°3I'00:60jI0M7T/L0
Z3.31'00:80'TO/t7I/L0
85°3I'00:LVT0/171/L0
ES'3I'00:90'I0/WL0
69.31100:50I10/17I/L0

-E'00:0110/D'I/L0
9I'LL'00:50j10/VULO
Lfr.51'00:301I0/f7T/L0
LL'51'00:10I10/tri/L0
80.W00:00'10/bI/L0
f7-f7T'00:3110/T/L0
65.VE'00:33jI0/ET/L0
IL'171'00:I3'10/51/L0
L8'51'00:03'10/EI/L0
co'SI100:6I'10/ET/L0
8I'ST'00:8I'10/ET/LO
E0'5I100:LIITO/EI/L0

qx.4-weaaqsdn



UpStream.txt
07/15/01,17:00,12.69
07/15/01,18:00,12.69
07/15/01,19:00,12.69
07/15/01,20:00,12.69
07/15/01,21:00,13.47
07/15/01,22:00,14.08
07/15/01,23:00,13.77
07/16/01,00:00,13.31
07/16/01,01:00,13
07/16/01,02:00,12.84
07/16/01,03:00,12.69
07/16/01,04:00,12.69
07/16/01,05:00,12.53
07/16/01,06:00,12.53
07/16/01,07:00,12.38
07/16/01,08:00,12.38
07/16/01,09:00,12.84
07/16/01,10:00,13.16
07/16/01,11:00,13.16
07/16/01,12:00,13.16
07/16/01,13:00,13.16
07/16/01,14:00,13.47
07/16/01,15:00,13.47
07/16/01,16:00,13.47
07/16/01,17:00,13.62
07/16/01,18:00,13.93
07/16/01,19:00,13.93
07/16/01,20:00,13.47
07/16/01,21:00,13.77
07/16/01,22:00,13.47
07/16/01,23:00,13.16
07/17/01,00:00,13.16
07/17/01,01:00,13
07/17/01,02:00,13
07/17/01,03:00,12.84
07/17/01,04:00,13
07/17/01,05:00,13
07/17/01,06:00,12.84
07/17/01,07:00,12.84
07/17/01,08:00,12.69
07/17/01,09:00,12.69
07/17/01,10:00,12.69
07/17/01,11:00,12.84
07/17/01,12:00,13
07/17/01,13:00,13.31
07/17/01,14:00,13.62
07/17/01,15:00,13.93
07/17/01,16:00,13.77
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LI abed

E0'ST'00:91II0/6-1/L0

L8-171100:5TI10/6T/L0

Sc'6T'00:6T1T0/6I/L0

6Z'6T100:Ti10/61/L0

LL'8I'OO:ZI'T0/6I/L0

n'ET'00:1IIT0/61/L0

T8'EI'00:0II10/6T/L0

8T'00:601-10/6-UL°

68-ZI'00:80'10/6I/L0

68'ZT'00:LVT0/6T/L0

81'00:901'0/61/LO

8T'OO:SOIT0/6T/L0

91'E1'00:60110/61/L0

91.8[d00:E0'I0/6I/L0

IE.8E'00:ZO'IO/6I/L0

L6.8I'00:10IT0/6I/L0

n'EI'00:001I0/61/L0

LL'8''00:ZI10/8T/L0

E6'8I'OO:ZVI0/81/L0

80'6E100:TZ'T0/8-1/L0

80"61'00:0Z110/81/L0

6Z'61'00:61110/81/L0

17Z.6T'00:8T1T0/8T/L0

6Z.61'00:L1'I0/8T/L0

6r6''00:911T0/8I/L0

E6"E1I00:STIT0/81/L0

LL'ET'00:61j-10/81/L0

n'8l'00:81IT0/8T/L0

TE'ET'00:ZIITO/8T/L0

9I'ET'00:T1I10/8T/L0

81'00:01'I0/8T/L0

69.Z1'00:60110/8I/L0

69"ZI'00:80'I0/8I/L0

69.ZI'00:LO'IO/8I/L0

69.ZI'00:90110/8I/L0

68'ZT'00:SOIT0/8I/L0

8''00:60110/8I/L0

9T'E1IO0:80IT0/8T/L0

T8'ET'00:Z0IT0/8T/L0

L6'ETI00:IOITO/8T/L0

L'8-1'00:00110/8T/L0

9-81'00:EVI0/L1/L0

LL'ET'00:ZZITO/LT/L0

E6.U['00:1ZETO/LT/L0

80-6T'00:0VTO/LT/L0

6Z'61'00:6II10/LI/L0

80'6 I'00:2II10/LT/L0

E6'W00:LII10/LT/L0
4x4-meGa4sdn



UpStream.txt
07/19/01,17:00,15.34
07/19/01,18:00,15.34
07/19/01,19:00,15.18
07/19/01,20:00,15.18
07/19/01,21:00,14.87
07/19/01,22:00,14.71
07/19/01,23:00,14.39
07/20/01,00:00,14.08
07/20/01,01:00,13.77
07/20/01,02:00,13.47
07/20/01,03:00,13.31
07/20/01,04:00,13.16
07/20/01,05:00,12.84
07/20/01,06:00,12.69
07/20/01,07:00,12.69
07/20/01,08:00,12.69
07/20/01,09:00,12.69
07/20/01,10:00,12.84
07/20/01,11:00,13.16
07/20/01,12:00,13.77
07/20/01,13:00,13.93
07/20/01,14:00,14.24
07/20/01,15:00,14.71
07/20/01,16:00,14.71
07/20/01,17:00,14.71
07/20/01,18:00,14.87
07/20/01,19:00,15.03
07/20/01,20:00,14.87
07/20/01,21:00,14.87
07/20/01,22:00,14.71
07/20/01,23:00,14.39
07/21/01,00:00,14.24
07/21/01,01:00,14.08
07/21/01,02:00,13.93
07/21/01,03:00,13.77
07/21/01,04:00,13.62
07/21/01,05:00,13.47
07/21/01,06:00,13.47
07/21/01,07:00,13.31
07/21/01,08:00,13.16
07/21/01,09:00,13.31
07/21/01,10:00,13.31
07/21/01,11:00,13.47
07/21/01,12:00,13.47
07/21/01,13:00,13.62
07/21/01,14:00,13.77
07/21/01,15:00,13.77
07/21/01,16:00,13.93
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61 abed

86.SI'00:91'IVEZ/L0
99.S1'00:ST'IO/EZ/L0
81.SI100:T1TO/EZ/L0
TL-171100:81'T0/EZ/L0
80'61'00:ZI'IO/EZ/L0
a'E1'00:11I10/8Z/L0
91.E1'00:01110/EZ/L0
178.Z1'00:60'I0/EZ/L0
68.1'00:80'10/EZ/L0
68"Z-1100:LOIT0/EZ/L0

ET'00:90'10/EULO
E1'00:50I10/EZ/L0

9-1.E1100:60'TO/8Z/L0
Lf/'81'00:E0'10/EZ/L0
n'E1100:ZO'10/8Z/L0
E6.81'00:10110/EZ/L0
80-61'00:00'10/EZ/L0
6Z'171'00:EZ'I0/ZZ/L0
17Z.61'00:ZZITO/MLO
6E'61'00:1ZiT0/ML0
SC.61'00:0ZiTO/MLO
IC61'00:6I'1O/MLO
TCW00:81'I0/MLO
TL'1'00:LT'IO/ZZ/L0
SS.61'00:911TO/MLO
6E.6I'0O:ST'10/MLO
90-61'00:TI10/ZZ/L0
LL'E1100:ET'IO/ML0
Z9.81'00:ZI'10/ZULO
IE'81'00:II'10/MLO
91.E1'00:01110/ML0
9-L'Er00:60110/MLO
9T'8L'00:80jTO/MLO
91.EV00:L0'TO/MLO
91.81'00:90'I0/MLO
18"E1100:S0'10/MLO
TE.81'00:170110/ML0
L6'W00:D)'10/ZZ/L0
L'ET'00:Z0'10/MLO
Z9.EV00:10'10/MLO
Z9'81'00:00'10/MLO
LL'EI'00:ZiT0/I3/L0
LL'ET'00:ZVTO/IVL0
E6.EI'00:-EZ'TO/TZ/L0
E6'8I'00:OVI0/IZ/L0
E6'ET'00:61110/TULO
80-6T'00:811I0/IZ/L0
80'6I'00:LI'10/IVLO

4x4•weal4sdn



UpStream.txt
07/23/01,17:00,16.14
07/23/01,18:00,16.3
07/23/01,19:00,16.14
07/23/01,20:00,15.98
07/23/01,21:00,15.82
07/23/01,22:00,15.66
07/23/01,23:00,15.51
07/24/01,00:00,15.34
07/24/01,01:00,15.18
07/24/01,02:00,15.03
07/24/01,03:00,14.87
07/24/01,04:00,14.71
07/24/01,05:00,14.55
07/24/01,06:00,14.39
07/24/01,07:00,14.24
07/24/01,08:00,14.24
07/24/01,09:00,14.24
07/24/01,10:00,14.24
07/24/01,11:00,14.24
07/24/01,12:00,14.55
07/24/01,13:00,14.71
07/24/01,14:00,15.18
07/24/01,15:00,15.51
07/24/01,16:00,15.66
07/24/01,17:00,15.66
07/24/01,18:00,15.98
07/24/01,19:00,15.98
07/24/01,20:00,15.66
07/24/01,21:00,15.51
07/24/01,22:00,15.34
07/24/01,23:00,15.03
07/25/01,00:00,14.71
07/25/01,01:00,14.55
07/25/01,02:00,14.24
07/25/01,03:00,14.08
07/25/01,04:00,13.77
07/25/01,05:00,13.47
07/25/01,06:00,13.31
07/25/01,07:00,13.16
07/25/01,08:00,13
07/25/01,09:00,13.16
07/25/01,10:00,13.31
07/25/01,11:00,13.62
07/25/01,12:00,14.39
07/25/01,13:00,15.03
07/25/01,14:00,15.66
07/25/01,15:00,16.3
07/25/01,16:00,16.46
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T1 abed

06.01100:91'10/L1/L0
19'81'00:01'10/LE/L0
LV-01'00:VT'IO/L1/L0
LP-0E'00:1d10/L1/L0
18-8T00:11'10/L1/L0
10.01'00:11'10/L1/L0
18'81'00:01110/L1/L0
-10-1'00:60'10/L1/L0
LV-E1'00:80'10/L1/L0
LP'E1'00:LOITO/L1/L0
19-01'00:90110/L1/LO
LL-E1'00:00110/L1/L0
06-01'00: 0'10/L1/L0
V1.W00:00110/L1/L0
00-V1'00:10'10/L1/LO
LEFP1'00:10I1O/L1/L0
00.01'00:00'10/L1/L0
V0 01100:1'10/91/L0
99.01100:11110/91/L0
/8.0-1100:11'10/9//L0
VT-91'00:01'10/91/LO
9V-91'00:W10/91/LO
19- 9T'00:81'10/91/LO
96-91'00:L1'10/91/LO
9V-91'00:9-1'TO/91/LO
VT-91'00:ST'10/93/L0
99-51IOO:V1'10/91/L0

121-01'00:01'10/91/L0
00.V1'00:11'TO/91/LO
LL'UL'00:11'10/91/L0
LP-0I'00:0T'T0/91/L0
TE.0I'00:60'10/91/L0
9T-01'00:80'TO/91/LO
10.01'00:L0'10/91/LO
LV-0E'00:90'.10/91/LO
LL- 01'00:00'10/91/L0
80-W00:V0'TO/91/LO
60.W00:00'TO/91/LO
SS-W00:10'10/91/L°
L8-VI'00:101I0/91/L0
8T-01'00:00'TO/91/LO
10-01100:E1110/S1/L0
18-01100:11'IO/SULO
86-01100:11'10/S1/L0

0.W00:011'0/S1/LO
96-91100:61'1O/S1/L0
19-91'00:81110/S1/L0
19.9I'00:LI'IO/S1/L0

qx4-weaaqsdn



UpStream.txt
07/27/01,17:00,14.08
07/27/01,18:00,14.24
07/27/01,19:00,14.24
07/27/01,20:00,14.24
07/27/01,21:00,14.08
07/27/01,22:00,14.08
07/27/01,23:00,13.93
07/28/01,00:00,13.93
07/28/01,01:00,13.93
07/28/01,02:00,13.77
07/28/01,03:00,13.77
07/28/01,04:00,13.77
07/28/01,05:00,13.93
07/28/01,06:00,14.08
07/28/01,07:00,14.24
07/28/01,08:00,14.08
07/28/01,09:00,13.93
07/28/01,10:00,13.77
07/28/01,11:00,13.93
07/28/01,12:00,13.93
07/28/01,13:00,13.93
07/28/01,14:00,13.77
07/28/01,15:00,13.47
07/28/01,16:00,13.47
07/28/01,17:00,13.47
07/28/01,18:00,13.47
07/28/01,19:00,13.47
07/28/01,20:00,13.16
07/28/01,21:00,13.16
07/28/01,22:00,13.16
07/28/01,23:00,13
07/29/01,00:00,13
07/29/01,01:00,12.84
07/29/01,02:00,12.84
07/29/01,03:00,12.84
07/29/01,04:00,12.69
07/29/01,05:00,12.69
07/29/01,06:00,12.53
07/29/01,07:00,12.53
07/29/01,08:00,12.53
07/29/01,09:00,12.53
07/29/01,10:00,12.69
07/29/01,11:00,12.84
07/29/01,12:00,13.47
07/29/01,13:00,13.77
07/29/01,14:00,13.93
07/29/01,15:00,14.08
07/29/01,16:00,14.08
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ZZ abed

t7Z.W00:9VI0/TE/L0
f7Z-WOO:SVIO/TE/L0
E6'ET100:WTO/TE/L0
Z9.ET100:TITO/TE/L0
TE'ET100:ZI'TO/T/L0

-1'00:IVIO/TE/L0
'?I'00:0I/TO/U/L0

69.ZI'00:60'I0/IE/L0
69.Zi100:801T0/TE/L0
69-ZT'00:LOITO/IE/L0
D'8'ZI'00:901T0/T8/LO
9I'ET'00:SOITO/U/L0
T8'EI'00:t701TO/TE/L0
LV.8T'00:EVIO/U/L0
Z9'8I'OO:ZOITO/IE/L0
LL'ET'00:TVIO/IE/L0
80.T'00:001T0/U/L0
VZ.f7I100:EZ'IO/O/L0
6E'bi'00:ZZ'I0/0E/LO
00.W00:TZITO/0E/L0
IL'W00:0Z1I0/0E/L0
LErf7I100:6I'IO/0/L0
L8.W00:8VIO/0E/L0
L8'bI'00:LVIO/0E/L0
TL'17I100:9T1T0/0E/L0
17"f7T'00:0-EIT0/0E/L0
LL'ET'00:f7TITO/0E/L0
LD''ET100:EI'IO/0E/L0

ET'00:ZI'T0/0E/L0
69.ZT100:TI'IO/0E/L0
8E'ZI'00:0T1I0/0E/L0
LO°11100:60'10/0E/L0
I6—ET'00:801I0/08/LO
LO'ZI'00:L0'IO/0EILO
ZZ'ZI100:90'10/0E/L0
8E'ZI'00:SOITO/H/L0
ES'ZT'00:01T0/0E/L0
69.ZI'00:E0'IO/0E/L0

ET'00:Z0'IO/0E/LO
9-1"I'00:101T0/0E/L0
T8"8T'00:00dIO/08/L0
LD'ET'00:EZ'T0/6Z/L0
LL'E1100:ZZ'T0/6Z/L0
c6.ET'00:TVT0/6Z/L0
80'W00:OVIO/6Z/L0
17Z.W00:6T'IO/6Z/L0
68"PT'00:8TITO/6Z/L0
PZ.W00:LidT0/6Z/L0

qx-4•weal4sdn



UpStream.txt
07/31/01,17:00,14.39
07/31/01,18:00,14.39
07/31/01,19:00,14.55
07/31/01,20:00,14.39
07/31/01,21:00,14.39
07/31/01,22:00,14.08
07/31/01,23:00,13.77
08/01/01,00:00,13.62
08/01/01,01:00,13.31
08/01/01,02:00,13.16
08/01/01,03:00,12.84
08/01/01,04:00,12.69
08/01/01,05:00,12.38
08/01/01,06:00,12.22
08/01/01,07:00,12.07
08/01/01,08:00,12.07
08/01/01,09:00,12.22
08/01/01,10:00,12.38
08/01/01,11:00,12.69
08/01/01,12:00,13
08/01/01,13:00,13.31
08/01/01,14:00,13.47
08/01/01,15:00,13.62
08/01/01,16:00,13.77
08/01/01,17:00,13.93
08/01/01,18:00,13.93
08/01/01,19:00,14.08
08/01/01,20:00,14.08
08/01/01,21:00,13.93
08/01/01,22:00,13.77
08/01/01,23:00,13.77
08/02/01,00:00,13.62
08/02/01,01:00,13.62
08/02/01,02:00,13.47
08/02/01,03:00,13.47
08/02/01,04:00,13.47
08/02/01,05:00,13.31
08/02/01,06:00,13.31
08/02/01,07:00,13.31
08/02/01,08:00,13.16
08/02/01,09:00,13.31
08/02/01,10:00,13.47
08/02/01,11:00,13.62
08/02/01,12:00,13.93
08/02/01,13:00,14.55
08/02/01,14:00,15.18
08/02/01,15:00,15.51
08/02/01,16:00,15.66

Page 24



SZ abed

18'81'00:91'I0/E70/80
CO'ST'00:ST'T0/0/80
IC01'00:171'10/60/80
68"61'00:EV10/00/80
80.61'00:2I'I0/170/80
86'81'00:1I'10/0/80
LCEI'00:01'10/0/80
29.81'00:60'10/0/80
L."E1'00:80'I0/60/80
29.8I'00:L0'10/00/80
29.81'00:90'10/0/80
LL'ET'00:80'10/0/80
6.EE'00:170'10/60/80

£6.81'00:£0110/0/80
80-61'00:Z0'TO/170/80
6Z.61'00:10'10/60/80
68.61'00:00'10/170/80
68.171100:E2'10/80/80
88.171'00:ZZ'10/80/80
SS'6I'00:I21I0/80/80
1L'0E'00:0Z'T0/0/80
IL.01'00:6I'I0/0/80
1L' 61'00:81'10/80/80
SS'61'00:LI'10/0/80
68.61'00:9I'10/80/80
68-61'00:81'T0/80/80
62'171100:61'I0/80/80
80.61'00:81iI0/80/80
E6-81'00:2I'10/80/80
6.EI100:IT'TO/80/80

£6.81'00:01'10/0/80
£6.8I'00:60'10/80/80

'81'00:80'10/80/80
80'01100:L0'TO/80/80
80.61'00:90'10/80/80
6Z'61'00:80'10/80/80
2'61'00:0'10/80/80

68.171100:0'10/80/80
SS.6E'00:20110/80/80
IL.61'00:10'10/80/80
Le'1'00:00'I0/80/80
80.81100:E2'T0/Z0/80
8I.81100:ZZ'TO/Z0/80
TS'SI100:1Z'10/Z0/80
99.81100:031I0/20/80
99.ST'00:6T'TO/Z0/80
Z8'8I'00:8I'10/Z0/80

Z8'81'00:LI'IO/Z0/80
4xg•weaagsdn



UpStream.txt
08/04/01,17:00,15.66
08/04/01,18:00,15.66
08/04/01,19:00,15.51
08/04/01,20:00,15.34
08/04/01,21:00,15.18
08/04/01,22:00,15.03
08/04/01,23:00,14.87
08/05/01,00:00,14.55
08/05/01,01:00,14.39
08/05/01,02:00,14.24
08/05/01,03:00,14.08
08/05/01,04:00,13.77
08/05/01,05:00,13.62
08/05/01,06:00,13.47
08/05/01,07:00,13.47
08/05/01,08:00,13.31
08/05/01,09:00,13.47
08/05/01,10:00,13.47
08/05/01,11:00,13.77
08/05/01,12:00,14.08
08/05/01,13:00,14.24
08/05/01,14:00,14.24
08/05/01,15:00,14.55
08/05/01,16:00,14.71
08/05/01,17:00,14.71
08/05/01,18:00,14.71
08/05/01,19:00,14.71
08/05/01,20:00,14.55
08/05/01,21:00,14.55
08/05/01,22:00,14.39
08/05/01,23:00,14.39
08/06/01,00:00,14.24
08/06/01,01:00,14.24
08/06/01,02:00,14.24
08/06/01,03:00,14.08
08/06/01,04:00,14.08
08/06/01,05:00,13.93
08/06/01,06:00,13.93
08/06/01,07:00,13.77
08/06/01,08:00,13.77
08/06/01,09:00,13.93
08/06/01,10:00,14.08
08/06/01,11:00,14.24
08/06/01,12:00,14.55
08/06/01,13:00,14.87
08/06/01,14:00,15.18
08/06/01,15:00,15.66
08/06/01,16:00,15.98
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LZ abed

61'9-1'00:91'10/80/80

86'S-1'00: S1'10/80/80

TS'ST'00:17T'IO/80/80

L8.6E'00:UE'10/80/80

62.61'00:ZI'10/80/80

L7'E1'00:11'10/80/80

91W00:01'10/80/80

81'00:60'10/80/80

81'00:80'I0/80/80

81'00:L0'10/80/80

18'81'00:90'10/80/80

LE7'8T'OO:S0'10/80/80

LL'81'00:60'10/80/80

80.6E'00:E0'10/80/80

6E'6I'00:Z0'IO/80/80

TC6I'00:10'10/80/80

E0.ST'00:00'10/80/80

68'S1'00:U'I0/L0/80

99.51'00:ZZI10/L0/80

86-SI'00:12I10/L0/80

171.91'00:0ZIT0/L0/80

96- 91'00:61'10/L0/80

29.91'00:81110/L0/80

8C9i'00:Li'IO/L0/80

Z9.91'00:91110/L0/80

917.91100:51110/L0/80

86.CTI00:6T'IO/L0/80

TS'5T'00:81'10/L0/80

c0'51'00:ZI'TO/L0/80

172.61'00:111I0/L0/80

E6'E1'00:01'TO/L0/80

c6.EI'00:60'TO/L0/80

E6'E1'00:80110/L0/80

E6'51'00:LOIIO/L0/80

80.W00:901'0/LO/80

6Z.6T'OO:SOITO/L0/80

68'61'00:6O'I0/L0/80

6E.61'00:E0'10/L0/80

TC6T'00:ZO'10/L0/80

TL.6I'00:10'10/L0/80

L8'6T'00:00'IO/L0/80

cO'ST'00:10/90/80

68'51'00: '10/90/80

1S-5Y00:1Z/10/90/80

99.5I'00:02I10/90/80

86.51100:61110/90/80

86.51'00:81'10/90/80

86.ST'00:LI'10/90/80
qx4-wpaa4sdn



UpStream.txt
08/08/01,17:00,16.3
08/08/01,18:00,16.46
08/08/01,19:00,16.3
08/08/01,20:00,15.98
08/08/01,21:00,15.82
08/08/01,22:00,15.51
08/08/01,23:00,15.34
08/09/01,00:00,15.03
08/09/01,01:00,14.71
08/09/01,02:00,14.39
08/09/01,03:00,14.24
08/09/01,04:00,13.93
08/09/01,05:00,13.77
08/09/01,06:00,13.62
08/09/01,07:00,13.47
08/09/01,08:00,13.31
08/09/01,09:00,13.31
08/09/01,10:00,13.62
08/09/01,11:00,13.93
08/09/01,12:00,14.71
08/09/01,13:00,15.34
08/09/01,14:00,15.98
08/09/01,15:00,16.46
08/09/01,16:00,16.78
08/09/01,17:00,16.93
08/09/01,18:00,16.93
08/09/01,19:00,16.78
08/09/01,20:00,16.62
08/09/01,21:00,16.46
08/09/01,22:00,16.14
08/09/01,23:00,15.98
08/10/01,00:00,15.66
08/10/01,01:00,15.34
08/10/01,02:00,15.03
08/10/01,03:00,14.71
08/10/01,04:00,14.55
08/10/01,05:00,14.24
08/10/01,06:00,14.08
08/10/01,07:00,13.77
08/10/01,08:00,13.77
08/10/01,09:00,13.77
08/10/01,10:00,13.93
08/10/01,11:00,14.24
08/10/01,12:00,15.03
08/10/01,13:00,15.66
08/10/01,14:00,16.3
08/10/01,15:00,16.78
08/10/01,16:00,17.09
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6Z abed

9CLI100:9TIT0M/80

60-L1'00:S1'10/Z1/80

Z9.9I'00:W10M/80

86.ST'00:E1'10/n/80

6E'S1'00:ZTITO/ZI/80

SS'61'OO:II'T0/ZI/80

6Z"t7T100:011-10/ZI/80

80.61'00:601TORT/80

80.17I'00:80110/ZT/80

80.6E'00:L0ITO/n/80

68"6T'00:901IOR1/80

SS'61'OO:SVIO/n/80

L8.61'00:170jI0M/80

EO-STIOO:5O'IOn1/80

17E.SI'00:Z0'T0/n/80

99.ST'00:T0'TO/n/80

Z8"CI'00:001TOM/80

6E.91'00:EZITO/TI/80

E.9I100:ZZITO/11/20

Z9.91'00:-E'10/II/80

56"91100:0'1O/11/80

60-LI100:6I'TVIT/80

9Z.LT100:8IITO/IT/80

9rLTIOO:LTITO/TT/80

60-LT100:91'IO/I1/80

56.9I'00:ST'TO/II/80

9"91100:6EI1O/I1/80

Z8"STI00:EIA10/TT/80

81-STIOO:ZTITO/1I/80

SS-61'OO:I1'10/TI/80

6Z.6E'00:01'10/I1/80

80.61'00:60'I0/II/80

80'61'00:80'TO/11/80

6r6I'00:L0I10/TT/80

68'6 I'00:90'10/11/80

SS'61'OO:SO'IO/TI/80

L8"61'00:60'10/11/80

81'SI100:01TO/I1/80

68"ST100:ZO'IO/I1/80

99-S1'00:T0'10/1T/80

86.SI'00:00'I0/II/80

5.91100:0/0I/80

96.91100:ZZI1O/OT/80

8L-91100:TZ'1O/OI/80

6.91'00:0VT0/0I/80

60.LI'00:6I'I0/0I/80

9Z-LI'00:81'I0/0I/80

9Z'LI'00:LI'I0/01/80
qxl•weaagsdn



UpStream.txt
08/12/01,17:00,17.42
08/12/01,18:00,17.42
08/12/01,19:00,17.26
08/12/01,20:00,16.93
08/12/01,21:00,16.78
08/12/01,22:00,16.62
08/12/01,23:00,16.3
08/13/01,00:00,16.14
08/13/01,01:00,15.98
08/13/01,02:00,15.66
08/13/01,03:00,15.34
08/13/01,04:00,15.18
08/13/01,05:00,14.87
08/13/01,06:00,14.71
08/13/01,07:00,14.55
08/13/01,08:00,14.39
08/13/01,09:00,14.55
08/13/01,10:00,14.55
08/13/01,11:00,14.71
08/13/01,12:00,15.18
08/13/01,13:00,15.82
08/13/01,14:00,16.3
08/13/01,15:00,16.93
08/13/01,16:00,17.09
08/13/01,17:00,17.09
08/13/01,18:00,17.09
08/13/01,19:00,16.93
08/13/01,20:00,16.78
08/13/01,21:00,16.46
08/13/01,22:00,16.3
08/13/01,23:00,15.98
08/14/01,00:00,15.82
08/14/01,01:00,15.51
08/14/01,02:00,15.18
08/14/01,03:00,14.87
08/14/01,04:00,14.55
08/14/01,05:00,14.39
08/14/01,06:00,14.08
08/14/01,07:00,13.93
08/14/01,08:00,13.77
08/14/01,09:00,13.77
08/14/01,10:00,13.93
08/14/01,11:00,14.24
08/14/01,12:00,14.87
08/14/01,13:00,15.51
08/14/01,14:00,15.98
08/14/01,15:00,16.46
08/14/01,16:00,16.62
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TE abed

TC61'00:9TjT0/91/80

SS.61'00:81110/91/80

6E-0T'00:61'10/9T/80

6Z.I'00:E1'10/91/80

6Z'61400:21'10/91/80

17.61'00:11'I0/91/80

17Z-6T'00:01'I0/91/80

68-6I'00:60'10/91/80

68*0E'00:80'10/91/80

88.1'00:L0'10/91/80

88-61'00:90'TO/9T/80

TC01100:80'10/91/80

L8"01'00:00°10/91/80

80-81'00:80'TO/9T/80

8I'ST100:ZO'10/91/80

6E-81'00:T0'10/9T/80

99.81'00:00'10/91/80

Z8.81100:EZ'1O/ST/80

86.8I'00:ZZI10/81/80

01.91100:TZ'TO/81/80

8.9T'00:0Z'10/81/80

917.9-1'00:61'10/81/80

8L'91100:81'10/81/80

Z9.91'00:LT'10/ST/80

Z9.91'00:91'10/ST/80

90.91'00:81'10/81/80

86.81j00:01'I0/ST/80

0E.1100:E1'TO/81/80

1L.171'00:I'TO/ST/80

6Z'01'00:11'10/81/80

80.01'00:01'10/81/80

86.E1'00:60'10/81/80

E6'ET'00:80'10/81/80

80"01'00:L0'10/8-1/80

Z"61'00:90'10/81/80

68-61'00:80'TO/81/80

85-01'00:0'10/81/80

L8.171'00:E0'10/81/80

E0'81'00:ZO'TO/ST/80

0E'S1100:10'IO/S1/80

TS"ST'00:00'I0/81/80

Z8.81100:EI1O/1/80

86.81'00:ZV10/01/80

1.91'00:TVTO/1/80

90"91'00:0VTO/D'T/80

Z9.91'00:6I'10/01/80

8C9T'00:81'10/1/80

8C9T100:LT'10/01/80
4x4-weeigsdn



UpStream.txt
08/16/01,17:00,14.87
08/16/01,18:00,15.03
08/16/01,19:00,14.87
08/16/01,20:00,14.71
08/16/01,21:00,14.55
08/16/01,22:00,14.39
08/16/01,23:00,14.24
08/17/01,00:00,14.08
08/17/01,01:00,14.08
08/17/01,02:00,14.08
08/17/01,03:00,13.93
08/17/01,04:00,13.77
08/17/01,05:00,13.77
08/17/01,06:00,13.62
08/17/01,07:00,13.62
08/17/01,08:00,13.47
08/17/01,09:00,13.62
08/17/01,10:00,13.62
08/17/01,11:00,13.77
08/17/01,12:00,13.93
08/17/01,13:00,14.24
08/17/01,14:00,14.55
08/17/01,15:00,14.87
08/17/01,16:00,14.71
08/17/01,17:00,14.71
08/17/01,18:00,14.71
08/17/01,19:00,14.71
08/17/01,20:00,14.71
08/17/01,21:00,14.55
08/17/01,22:00,14.39
08/17/01,23:00,14.39
08/18/01,00:00,14.24
08/18/01,01:00,14.24
08/18/01,02:00,14.08
08/18/01,03:00,13.93
08/18/01,04:00,13.93
08/18/01,05:00,13.77
08/18/01,06:00,13.62
08/18/01,07:00,13.62
08/18/01,08:00,13.62
08/18/01,09:00,13.62
08/18/01,10:00,13.62
08/18/01,11:00,13.62
08/18/01,12:00,13.62
08/18/01,13:00,14.08
08/18/01,14:00,14.39
08/18/01,15:00,14.87
08/18/01,16:00,14.71
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cc abed

SS-W00:911-10/We0
68-W00:S1'10/0Z/80
t7Z-f7T100:17I'IO/0Z/80
6.ET'00:ET'IO/OZ/80
I8.EI'00:ZIA10/OZ/80
69-ZI'00:IT'IO/OZ/80
C-ZI'00:011TO/OZ/80
8E-ZI100:60'10/0Z/80
ZZ-Z-1'00:80'10/0Z/80
8E-ZT'00:L0'T0/OZ/80
69-Z1'00:90'TO/0Z/80
t78-n°00:S0'10/0Z/80
91.81'00: 0'10/0Z/80
18.EI100:01I0/0Z/80
Z9.UL°00:Z0'10/0Z/80
6.ET'00:101-10/0Z/80
80-W00:00'10/0Z/80
PZ.W00:EZ'I0/61/80
CS-W00:ZZ'I0/61/80
IL-W00:IZ'I0/61/80
E0-ST'00:0ZI10/61/80
T7E-S-1'00:61'10/6-1/80
1S.SI°00:81'10/61/80
99-S1'00:L1'T0/6T/80
IS.ST'00:91'I0/61/80
8I-SI'00:ST'10/6I/80
TUVT'00:W10/61/80
SS-T'00:ET'I0/61/80
80-W00:Z1'TO/6T/80
LC8E'00:11'10/61/80
9.U1'00:01'10/61/80

L-81100:60"10/6I/80
Lf7-81'00:80'10/6I/80
LV-8-1'00:L0'10/61/80
Z9.E1'00:90110/6-1/80
Z9.WOO:S0'10/6I/80
LL-81'00:170'10/61/80
E6.ET100:01-10/61/80
80.W00:Z0'TO/6T/80
80-W00:T0'10/61/80
t'Z-171'00:00'10/61/80
173.171'00:10/81/80
68.171100:ZZ'10/8I/80
68.171'00:IZ'I0/81/80
SS.171'00:0Z'IO/8I/80
'IL-WOO:61'10/8-1/80
IL-171'00:81'10/81/80
IL-tq'00:Li'I0/8I/80

1xq-meaa4sdn



UpStream.txt
08/20/01,17:00,14.55
08/20/01,18:00,14.71
08/20/01,19:00,14.71
08/20/01,20:00,14.55
08/20/01,21:00,14.55
08/20/01,22:00,14.39
08/20/01,23:00,14.24
08/21/01,00:00,13.93
08/21/01,01:00,13.77
08/21/01,02:00,13.62
08/21/01,03:00,13.47
08/21/01,04:00,13.31
08/21/01,05:00,13.31
08/21/01,06:00,13.16
08/21/01,07:00,13.16
08/21/01,08:00,13.16
08/21/01,09:00,13.16
08/21/01,10:00,13.16
08/21/01,11:00,13.16
08/21/01,12:00,13.16
08/21/01,13:00,13.47
08/21/01,14:00,13.47
08/21/01,15:00,13.62
08/21/01,16:00,13.77
08/21/01,17:00,13.62
08/21/01,18:00,13.62
08/21/01,19:00,13.62
08/21/01,20:00,13.62
08/21/01,21:00,13.77
08/21/01,22:00,14.08
08/21/01,23:00,14.24
08/22/01,00:00,14.24
08/22/01,01:00,14.24
08/22/01,02:00,14.24
08/22/01,03:00,14.24
08/22/01,04:00,14.08
08/22/01,05:00,14.08
08/22/01,06:00,14.08
08/22/01,07:00,14.24
08/22/01,08:00,14.24
08/22/01,09:00,14.24
08/22/01,10:00,14.24
08/22/01,11:00,14.24
08/22/01,12:00,14.24
08/22/01,13:00,14.39
08/22/01,14:00,14.55
08/22/01,15:00,14.71
08/22/01,16:00,14.71
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178'ZI°00:6011O/173/80
69.31'00:80110/63/80
69.31'00:L0'10/63/80
68.31'00:90110/173/80

E1'00:501T0/173/80
91"8E'00:6)'10/17Z/80
Is'81'00:80'1O/63/80
L..81400:30I10/63/80
39.51100:10'10/173/80
LL' 81'00:00'10/173/80
LL'E1'00:53'10/E3/80

'8E'00:33'10/83/80
80"171100:13'I0/53/80
173.171'00:03'-10/53/80
173.61'00:61'10/83/80
63'61'00:81'10/83/80
63'61'00:LT'10/83/80
63'6E100:91'10/53/80
80-61'00:S1'10/83/80
56.51'00:61'10/53/80
LL'E1100:81'10/83/80
LL'E1'00:31'10/83/80
39'81'00:II'10/83/80
39.8[100:0V10/83/80
39'81'00:601I0/E3/80
39.81'00:80'10/83/80
39.81100:L0'T0/83/80
LU81100:90'10/83/80
6.EI'00:SO'I0/53/80

80-61'00:170'10/83/80
80'61°00:80'10/53/80
68'61'00:30'10/83/80
55'171'00:T0'TO/8Z/80
IL.1'00:00'10/E3/80

'51'00:53'10/33/80
0'51'00:3'10/33/80

L8'171'00:13J10/33/80
8T-5I'00:03'10/33/20
86'51'00:61'10/33/80
99.5-1100:81'10/33/80
IC171'00:LV10/33/80
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UpStream.txt
Date, Time, Temperature (*C)
08/24/01, 09: 52,4-.F.J---4-
08/24/01,10:52,13.16
08/24/01,11:52,13.62
08/24/01,12:52,13.77
08/24/01,13:52,14.08
08/24/01,14:52,14.55
08/24/01,15:52,14.87
08/24/01,16:52,15.03
08/24/01,17:52,15.03
08/24/01,18:52,14.87
08/24/01,19:52,14.71
08/24/01,20:52,14.55
08/24/01,21:52,14.24
08/24/01,22:52,14.08
08/24/01,23:52,13.77
08/25/01,00:52,13.62
08/25/01,01:52,13.47
08/25/01,02:52,13.16
08/25/01,03:52,13
08/25/01,04:52,12.69
08/25/01,05:52,12.53
08/25/01,06:52,12.22
08/25/01,07:52,12.07
08/25/01,08:52,12.07
08/25/01,09:52,12.22
08/25/01,10:52,12.53
08/25/01,11:52,13.16
08/25/01,12:52,13.77
08/25/01,13:52,14.24
08/25/01,14:52,14.71
08/25/01,15:52,15.03
08/25/01,16:52,15.18
08/25/01,17:52,15.18
08/25/01,18:52,15.03
08/25/01,19:52,14.87
08/25/01,20:52,14.71
08/25/01,21:52,14.55
08/25/01,22:52,14.24
08/25/01,23:52,14.08
08/26/01,00:52,13.77
08/26/01,01:52,13.62
08/26/01,02:52,13.47
08/26/01,03:52,13.16
08/26/01004:52,13
08/26/01,05:52,12..84
08/26/01,06:52,12.69
08/26/01,07:52,12.53
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Willow flycatcher Empidonax traillii X X X

Pacific-slope flycatcher Empidonax difficilis X X X X

Tree swallow Tachycineta bicolor X X X X X	 X X X X
Violet-green swallow Tachycineta thalassina X X X X X X	 X X X X
Barn swallow Hirundo rustica X X X X X
Steller's jay Cyanocitta stelleri X X X X

American crow Corvus brachyrhynchos X X X X X X	 X X

Black-capped chickadee Parus atricapillus X X X X X	 X X

Chestnut-backed chickadee Parus rufescens X X X X X	 X X
Common bushtit Psaltriparus minimus X X X X	 X X

Red-breasted nuthatch Sitta canadensis X	 X X X
Brown creeper Certhia americana X	 X X X
American dipper Cinclus mexicanus X

Bewick's wren Thryomanes bewickil X X	 X X X	 X,_
Winter wren Troglodytes troglodytes X X	 X X X	 X
Marsh wren Cistothorus palustris X
American robin , Turdus migratorius X X X X

X

X X X	 X	 X
Varied thrush Ixoreus naevius X X X X X	 X
Swainson's thrush 	 Catharus ustulatus X X X X X X X ,
Northern shrike 	 Lanius excubitor X 	 X X	 X
Golden-crowned kinglet	 Regulus satrapa X X X X	 X

Ruby-crowned kinglet Regulus calendula X X X X	 X
Cedar waxwing Bombycilla cedrorum X X X X X	 X	 X
European starling Sturnus vulgaris X X  X

, 	 X

X X X	 X	 X	 X
Solitary vireo Vireo solitarius X X X X	 X	 X
Hutton's vireo Vireo huttoni X X X X X	 X	 X
Warbling vireo Vireo gilvus X X X X X	 X	 X
Red-eyed vireo Vireo olivaceus X X 1
MacGillivray's warbler Oporonis tolmiei X X X X X X
Orange-crowned warbler Vermivora celata X X X X X

Yellow-rumped warbler Dendroica coronata X X X X 1	 X X X
Yellow warbler Dendroica petechia X X X X X	 X
Townsend's warbler Dendroica townsendi X X X	 X
Black-throated gray warbler 	 _ Dendroica nigrescens X X X	 I X	 X
Common yellowthroat Geothlypis trichas X X X	 X	 X,
Wilson's warbler Wilsonia pusilla X X X	 X	 X	 X	 '	 1
House sparrow Passser domesticus X X 1

Red-winged blackbird Agelaius phoeniceus X i X	 '	 X; 	 X
Brewer's blackbird Euphagus cyanocephalus X I X	 ;	 X	 X
Bullock's oriole 	 lcterus galbula bullockii X X	 X X; 	 X	 X
Brown-headed cowbird 	 Molothrus ater X X X	 X	 X X	 ,	 X	 X	 X___L__ 	 ,
Western tanager	 Piranga ludoviciana X	 X	 X	 X	 X 	 X	 X
Black-headed grosbeak 	 Pheucticus melanocephalus 	 X	 X	 X	 X	 X	 ,
Evening grosbeak 	 Hesperiphona vespertina 	 X X	 X	 X	 X	 ,
Purple finch 	 Carpodacus purpureus X	 X	 X	 X

House finch 	 Carpodacus mexicanus 	 X— X
Pine siskin 	 Carduelis pinus 	 X	 X
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Rough-skinned newt Taricha granulosa X X X X X X X
W. red-backed salamander Plethodon vehiculum X X X
Northwestern salamander Ambystoma gracile X X X X X
Long-toed salamander Ambystoma macrodactylum X X X	 1 X X 1
Ensatina Ensatina eschscholtzi X X X X X
Pacific treefrog Hyla regilla X X X X X X I 	 X	 1	 X X
Red-legged frog Rana aurora X X X X X 1 X
Bullfrog Rana catesbeiana X
Western toad Bufo boreas X X X X X X	 X X
REPTILES

N. alligator lizard Elgaria coerulea X X
Common garter snake Thamnophis sirtalis X X X X X	 11 X
N.W. garter snake Thamnophis ordinoides X X X X X

I
Source: Brown 1985, Guenther and Kucera 1978, Hunn 1982, Ingles 1965, Nussbaum et al. 1983, and Wahl and Paulson 1977.
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EXECUTIVE SUMMARY 
The City of Woodinville has retained Adolfson Associates, Inc. (Adolfson) to conduct a habitat 
assessment of Woodin Creek Basin. The study area for the Woodin Creek Basin Habitat 
Assessment includes all wetted habitat areas within the City of Woodinville that occur within the 
Woodin Creek Basin from its headwaters to its mouth at the Sammamish River. The primary 
purpose of the Woodin Creek Basin Habitat Assessment is to provide baseline information on 
habitat conditions affecting fish and wildlife in the study area. Other goals of the study are to 
identify potential limiting factors that support City-wide planning efforts aimed at the 
conservation and restoration of salmonid habitat within the City of Woodinville and to provide 
information that may be used by both the City and its citizens to assist in obtaining grants or 
other outside support to implement habitat conservation and restoration projects within the 
Woodin Creek Basin. 

Methods

The field inventory method used for this study followed King County’s stream habitat 
assessment methodology (King County, 1991).  This is a semi-qualitative method used to 
document channel characteristics, in-water habitat conditions, riparian habitat conditions, 
substrate, and large woody debris.  This study also addresses stream habitat and watershed 
criteria in relation to a hypothetical “properly functioning” stream system as currently defined by 
National Oceanic and Atmospheric Administration (NOAA) and United States Department of 
the Interior Fish and Wildlife Service (USFWS). 

Summary of Findings 

Watershed Conditions, Flow, and Hydrology 

Woodin Creek has a high level of impervious surface.  Approximately 41 percent of the total 
basin area of approximately 400 acres is covered by some type of impervious surface (roads, 
buildings, parking lots).  The highest level of impervious surface within the basin was associated 
with road rights-of-way.  The second highest level of impervious surface was associated with 
large parking lots for commercial, retail, and multifamily residential development.  These two 
sources account for over half of the total impervious surface with the basin.  Roadways and 
parking lots also impact flow and hydrology in Woodin Creek as a result of culverts.
Approximately 20 percent of the total length of stream within the Woodin Creek basin is 
enclosed in culverts or pipes under roadways and parking lots.  The most significant amount of 
alternation is the piping of the entirety of Reaches 2a and 2b (approximately 3,200 feet).  In 
addition to these pipes, flow and hydrology within the basin are affected by the use of much of 
Reach 1 for conveyance of stormwater from developed areas.  Flow enters the stream through a 
series of pipes and is conveyed downstream until it reaches a high flow bypass upstream of NE 
171st Street where flow re-enters the piped storm conveyance network near station 9+25
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Habitat Access 

The scope of the Woodin Creek Habitat Assessment included a fall and winter in 2003 survey to 
identify use by adult salmon and to identify potential migration barriers based on fish-use.  One 
adult Chinook salmon (carcass) was observed during the first day of the fall spawning survey 
upstream from NE 171st Street.  No other adult salmon were observed at any other time during 
the spawning survey.  Local neighborhood groups have reported observations of occasional large 
fish (unidentified species) within the stream during the fall and winter.  King County relocated 
approximately 250 juvenile cutthroat trout and two sub yearling coho salmon from Reach 1 in 
November 2003 prior to conducting in-water work in the stream.  Juvenile salmonid fish 
(unidentified species) were observed throughout the entire length of Reach 1 during the summer 
habitat inventory.  Two adult cutthroat trout were observed downstream of NE 171st Street 
within Reach 1.  In addition to salmonid fish, larval lamprey (unidentified species) and sculpin 
(unidentified species) were also seen in the stream.  No adult or juvenile fish of any species were 
noted in Reaches 3, 4, or 5. 

Water Quality 

Woodin Creek did not meet all required State of Washington water quality parameters for Class 
AA waters during the study period.  Temperature, dissolved oxygen, and pH are the water 
quality parameters included in the data provided to Adolfson for this study that were most often 
exceeded that relate to fish and wildlife habitat support.  Temperature and dissolved oxygen 
values were most limiting during the summer; pH readings were lowest during the fall and 
winter.  Woodin Creek also does not provide “properly functioning” water quality parameters 
considered necessary to support healthy self-sustaining populations of salmonid fish per NOAA 
Fisheries and USFWS parameters (NOAA Fisheries, 1996; USFWS, 1998).  Summer 
temperatures recorded in Woodin Creek indicate that the primary concern is in relation to 
supporting rearing and migration habitat for salmonid fish. 

Habitat Elements and Channel Conditions and Dynamics 

Woodin Creek is limited in relation to the following habitat elements:  Substrate, Large Woody 
Debris, Pool Frequency, Pool Quality, Off-Channel Rearing Habitat, and Refugia.  Small gravel 
was the dominant substrate type in Reaches 1, 3, and 4.  The only reach where cobble or large 
gravel was a significant component of the substrate was in Reach 5.  Substrates in Reach 1 where 
fish are present were small gravel or finer (sand, silt, or organic materials).  No naturally 
occurring large woody debris was observed in Reach 1.  The large woody debris that was 
observed was associated with constructed log weirs or root wads installed and secured to the 
streambed and/or bank with cables.  Pool frequency within Reach 1 was approximately a third of 
that which NOAA Fisheries (1996) and USFWS (1998) identify as “properly functioning.” Pool 
quantity was generally low or moderate.  There were few deep pools (over 3 feet deep) and dense 
woody cover was generally lacking in association with pools.

Riparian habitat widths in Reach 1 were commonly 100 feet or less and few habitats were 
adjacent to riparian areas that had a mature forest component.  The narrow riparian area 
constrained by roads and development limits the abundance of off-channel rearing opportunities 
and significant areas for refugia.   The few off-channel wetlands or side channels that are present 
have largely been impacted by conversion to landscape amenities (ponds).  
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Wildlife Habitat 

Seven habitat types occur in the study area.  These include in order of abundance:  High Density 
Commercial and Residential; Medium Density Residential; Upland Forest; Riparian-Wetlands; 
Upland Grassland; Herbaceous Wetland; and Open Water Pond.  In addition, Agricultural areas 
occur in King County just south of the study area. 

Songbirds were the most abundant wildlife identified by the study both in numbers of individuals 
and numbers of species. The most abundant species of birds were those generally adapted to 
habitats located within urban environments.  The study attempted to identify species that might 
not be commonly observed by residents, as a result night surveys were conducted and identified 
the presence of significant numbers of bats and one group of western screech owls.  Bats and 
owls were observed in the forested areas of the watershed, generally adjacent to Reaches 3, 4, 
and 5.  Other wildlife observations recorded during the habitat surveys included waterfowl 
(mallard), pileated woodpecker excavations, eastern gray squirrel, Pacific chorus frog, mole 
tunnels, and Virginia opossum. 
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INTRODUCTION
The City of Woodinville has retained Adolfson Associates, Inc. (Adolfson) to conduct a habitat 
assessment of Woodin Creek Basin.  This work will encompass all of 2003 and was designed to 
occur in two phases.  The first phase included the gathering of existing baseline information 
regarding Woodin Creek and the completion of a reconnaissance-level review of habitat 
conditions within the basin.  The second phase included site-specific field studies to document 
fish and wildlife use and habitat conditions in the basin.  This report discusses the findings of the 
second phase of the Woodin Creek Basin Habitat Assessment. 

Study Area and Purpose 
The mouth of Woodin Creek is located on the left bank of the Sammamish River south of the 
center of the City of Woodinville, Washington (Figure 1).  The Woodin Creek Basin drains a 
significant portion of the City of Woodinville east of the Sammamish River.  Woodin Creek 
originates from groundwater seeps in residential areas in the eastern portion of the City and then 
flows generally west through the heavily developed floor of the Sammamish River Valley within 
the City (Figure 2).  One tributary with two distinct branches originates from groundwater seeps 
and enters Woodin Creek from the north (Figure 2). 

The study area for the Woodin Creek Basin Habitat Assessment includes all areas within the City 
of Woodinville that occur within the Woodin Creek Basin from its headwaters to its mouth at the 
Sammamish River (Photos 1 and 2). For the purpose of this study, the Woodin Creek Basin is 
defined as all parcels that contribute flow, either directly or indirectly to Woodin Creek 
(Figure 2). 

The primary purpose of the Woodin Creek Basin Habitat Assessment is to provide baseline 
information on habitat conditions affecting fish and wildlife in the study area. This included 
identifying and summarizing existing sources of information to determine the applicability of 
existing resources in regard to Woodin Creek. These data will support the City of Woodinville’s 
efforts to develop regulations and policies to comply with the GMA and implement their CIP 
program.  Because of the emphasis on fisheries in both GMA guidelines and the ESA listings, 
much of this report focuses on habitat in the context of supporting anadromous fisheries, 
including Chinook salmon and bull trout; however, information on wildlife habitat conditions are 
also included in this report to address other regulatory and policy needs. 

This study also has two secondary goals.  The first is to identify potential limiting factors that 
support City-wide planning efforts aimed at the conservation and restoration of salmonid habitat 
within the City of Woodinville.  The second and related goal is to provide information that may 
be used by both the City and its citizens to assist in obtaining grants or other outside support to 
implement habitat conservation and restoration projects within the Woodin Creek Basin. 
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Regulatory Background 
Due to the cultural and economic importance of anadromous fisheries in the Pacific Northwest, 
fish populations and habitat requirements in many of the regions larger stream systems are well 
studied.  For example, The State of Washington, federal government, tribal governments, and 
regional water resource agencies such as METRO (now part of King County) all have been 
involved in the study of the regions rivers and streams over the past half century. Ideally, reliable 
scientific information would be known for all of the region’s watercourses; however, most work 
has occurred to determine habitat requirements and species presence and abundance in the 
regions larger rivers and streams.  It is only since the late 1990’s that smaller urban tributaries 
became more of a research priority.  This has been driven, in large part, by the requirements of 
the state’s Growth Management Act (GMA) and the listings of Chinook salmon and bull trout 
under the federal Endangered Species Act (ESA). 

The Washington State’s legislature added a new section to the state’s GMA in 1995 to ensure 
that cities consider reliable scientific information when adopting policies and regulations to 
designate and manage critical areas (RCW 36.70A.172).  In 2002, the state adopted procedural 
criteria to implement these regulations.  The regulations require that cities consider “best 
available science” in developing land use management policies and codes and that these policies 
and regulations give special consideration to the preservation or enhancement of anadromous 
fisheries.  Although the state has specifically emphasized fisheries resources, the regulations also 
mandate that policies and land use decisions regarding other critical areas, including wetlands 
and wildlife habitat areas, similarly are based on the best scientific information available. 

The National Marine Fisheries Service, a branch of the National Oceanic and Atmospheric 
Administration (NOAA Fisheries) proposed the Puget Sound Chinook salmon as “threatened” 
under the ESA in 1998.  The following year, the US Fish and Wildlife Service (USFWS) listed 
Costal/Puget Sound bull trout stocks as “threatened.”  These listings brought with them the 
requirement that all projects that have a federal nexus (most commonly federal funding or the 
requirement for a federal permit) must comply with section 7(c) of the ESA.  Many of the City’s 
planned and proposed Capital Improvement Projects (CIPs) in the Woodin Creek Basin are 
anticipated to have a federal nexus, either as a result of a federal grant or as the result of the need 
to acquire a federal permit. A Corps of Engineers Section 404 permit is required for most work 
affecting in wetlands and streams and is one of the more common federal permit required by 
CIPs.  The Section 7(c) consultation process administered by both NOAA Fisheries and USFWS 
require the evaluation of habitat conditions in relation to their ability to support populations of 
these listed fish species
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METHODOLOGY
The reconnaissance-level investigation included a review of existing background information to 
determine the type and relevancy of habitat data available for Woodin Creek and a general 
qualitative field review of the basin as observable from public rights-of-way and publicly owned 
properties.  To assist with the assessment of fish habitat, Woodin Creek and its tributaries were 
divided into five primary reaches.  These include: 

Reach 1: Mouth to 140th Avenue NE 

Reach 2: 140th Avenue NE to Woodinville City limits (includes Reach 2A and 2B) 

Reach 2A: Piped section under Woodinville Plaza connects to Reach 3 at NE 171st 
Street/143rd Place NE 

Reach 2B: Piped section under north end of Woodinville Plaza connects to Reach 4 and 5 at 
NE 178th Street/143rd Avenue NE 

Reach 3: Woodinville City Limits at 143rd Place NE to headwaters 

Reach 4: North Tributary Branch A 143rd Avenue NE to 151st Way NE 

Reach 5: North Tributary Branch B 143rd Avenue NE to 148th Avenue NE 

These reaches are identified in Figure 2. 

Impervious Surface Area 
The approximate area of impervious surface was calculated using GIS information to 
characterize the Woodin Creek basin. GIS data provided street right-of-way (ROW) from the 
parcel data and building footprints along with aerial photos of Woodinville (City of Woodinville 
GIS data, 2003). This data was clipped to the study area (Woodin Creek Basin). 

The acreage of the building footprints in low density residential (R-1, R-4, and R-6) was 
subtracted from the total acreage. A parcel sample of approximately 10 % (or at least 10, 
whichever was greater) was taken from each of the previously mentioned residential areas. On 
those sample parcels, additional impervious areas were measured (driveways, other buildings, 
etc) to the extent that the aerials would visually allow, excluding street ROW. This measurement 
was added to the building footprint acreage and an average for the total impervious area was 
taken for each of the sample sets. This was then multiplied by the number of existing parcels in 
each of the low residential zoning groups to derive the approximate impervious area for R-1, R-4 
and R-6. 

The parking lots and other visible impervious areas were then measured in the commercial and 
higher density residential areas. Street ROW area was calculated. The combination of these 
numbers gave us an approximate existing impervious surface area for the study area. 

Water Quality and Hydrology 
Existing water quality data for Woodin Creek was obtained from the City of Woodinville. Water 
quality parameters including: conductivity, dissolved oxygen, oxidation/reduction potential, pH, 
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salinity, total dissolved solids (TDS), temperature, and turbidity were measured by the City of 
Woodinville at two sites within Woodin Creek from January 2003 to October 2003. Additional 
water quality monitoring was performed by the City of Woodinville to assess contaminant levels 
within Woodin Creek at Woodin Park (Reach 1) from October 2000 to July 2003. Samples were 
collected and analyzed for fecal coliforms, metals, nitrate/nitrite, total phosphorous, total 
suspended solids (TSS), and other parameters. (See Table 6.) 

Adolfson collected limited water quality data from four sites (Figure 2) within Woodin Creek. 
Portable water quality meters were used to document temperature, pH, conductivity, and 
turbidity. Samples were also collected and analyzed for dissolved oxygen (DO) at North Creek 
Laboratories in Bothell, Washington. 

In addition, Adolfson collected stream temperature data from four sites using HOBO temperature 
data loggers that were placed directly in the stream. One temperature logger also monitored 
ambient air temperatures. Data was recorded at a rate of one reading every five minutes from 
June 6, 2003 to August 27, 2003. Site 1 was located approximately 200 feet upstream of the 
mouth in Reach 1. Site 2 was located immediately west of 140th Avenue NE (end of Reach 1). 
Site 3 was located at the NE Woodinville-Duvall Road/178th Way NE intersection (Reach 4). 
Site 4 was located at the NE 171st Street/143rd Place NE intersection (Reach 3). 

Fish Habitat Assessment 
The assessment of stream habitat generally followed the King County stream habitat assessment, 
General Site Survey methodology (King County, 1991).  The General Site Survey is a qualitative 
review of stream characteristics, habitat conditions, riparian habitat, and fish use.  There are 11 
primary habitat elements evaluated during the General Site Survey (Table 1). The King County 
1991 protocol is based on the methods defined in the USDA Forest Service Stream Habitat 
Classification and Inventory Procedures for Northern California (McCain et al., 1990). Habitat 
units are defined as one of 23 habitat types listed in Table 2 below.

Table 1.  Elements of the General Site Survey 

ID Description 
1 Natural drainage system configuration and stream classification 
2 Riparian soils, channel morphology, and bank stability 
3 Substrate composition 
4 Riparian zone land uses 
5 Riparian vegetation 
6 Description of adjacent wetlands 
7 Large woody debris and pool quality 
8 Animal habitat and utilization 
9 Benthos 

10 Fish habitat and utilization 
11 Photographs of stream features 

Source: King County, 1991 

While the inventory methods followed King County General Site Survey protocols, the 
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assessment of those inventory elements has been expanded to consider ESA evaluation 
guidelines.  NOAA Fisheries and USFWS guidance for conducting ESA reviews requires that 
habitat assessments used in support of section 7(c) consultations define the biological 
requirements of a listed fish species in terms of properly functioning conditions (PFC) (NOAA 
Fisheries, 1996; USFWS, 1998).  PFC is the sustained presence of natural habitat-forming 
processes necessary for the long-term survival of the species through the full range of 
environmental variation.  Indicators of PFC vary between different landscapes based on unique 
physiographic and geologic features.  Since aquatic habitats are inherently dynamic, PFC is 
defined by the persistence of natural processes that maintain habitat productivity at a level 
sufficient to ensure long-term survival (NOAA Fisheries, 1996).  An overview of these elements 
is included below in Table 2. 

Table 2. Stream Habitat Types 

ID Description ID Description 
1. Low-gradient riffle  12. Lateral scour pool-bedrock formed 
2. High gradient riffle  13. Damned pool 
3. Cascade  14. Glide 
4. Secondary channel pool  15. Run 
5. Backwater pool-boulder formed  16. Step run 
6. Backwater pool-rootwad formed  17. Mid-channel pool 
7. Backwater pool-log formed  18. Edgewater 
8. Trench/Chute  19. Channel confluence pool 
9. Plunge pool  20. Lateral scour pool-boulder formed 
10. Lateral scour pool-log formed  21. Pocket water 
11. Lateral scour pool-rootwad formed  22. Corner pool 
   23. Culvert 
Source: McCain et al., 1990

A hip chain was used to measure habitat lengths and create station numbers. The hip chain was 
zeroed at the lowermost starting point for each habitat reach, and used to document the location 
of specific features including: seeps, erosion areas, and other actions taken along each reach. 
Habitats were limited to the actual wetted width of the stream channel at the time of the survey. 
Habitat widths and depths were measured using a six-foot staff graduated in inches. Adolfson 
biologists defined “left bank” (LB) and “right bank” (RB) as when facing upstream. 

Stream Stationing 
To assist with the identification of the location of habitats and the approximate location of 
features described in the text, Adolfson calculated stream stationing for features based on the 
measurements taken with a hip chain as stated above.  Stationing as is stated in this report is the 
cumulative total of the habitat lengths for each habitat type. Stationing starts at 0+00 at the 
downstream limit of each reach.  The station for the habitat type is identified as the last station 
within that habitat type.  It should be noted that stream stationing as identified in this report is 
approximate in nature and is for the purpose of aiding discussion in relation to this study.  The 
location of features as described in this study should be verified by a civil survey prior to any 
engineering design, permitting, or other quantitative analysis.  The approximate station of each 
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habitat area is identified on the summary tables in Appendix B prior to the field data collected 
for each reach. 

Fish Use 
During the preliminary investigation, information pertaining to fish-use in Woodin Creek is 
based on existing data, where available, and incidental observations of fish use occurring during 
the reconnaissance-level habitat assessment from May 13, 2003 to July 8, 2003.  More detailed 
analysis of fish use, including adult salmon spawning surveys were conducted in the fall of 2003 
during the second phase of the study. 

The adult salmon spawning surveys were conducted from September 23, 2003 through 
November 24, 2003. Since Woodin Creek is a small stream and typical spawner surveys require 
wading the stream, several observation points and 200-foot reaches were observed from the bank 
to prevent the disturbance of spawning substrates. Survey locations are shown in Figure 2. 
Observation points and reaches were observed for adult salmon spawners, salmon carcasses, and 
redds.

Wildlife
Habitat Evaluation 

Wildlife habitat was evaluated in the field from public rights-of-way, on public land, and on 
private land with permission from the City. Field surveys also included observations of 
opportunities for improving habitat. Habitat assessment methods described in Wildlife–Habitat 
Relationships in Oregon and Washington (Johnson and O’Neil, 2001) were used to describe and 
evaluate common habitat types in the City. These methods were developed by the WDFW with 
input from a panel of regional wildlife experts and with information collected from more than 
12,000 pertinent publications. Using this methodology, habitats were assessed at three levels of 
detail: wildlife habitat types, structural conditions, and habitat elements.  Opportunities for 
habitat protection and restoration were also explored. 

The term “wildlife habitat type” as referred to in this inventory and in Johnson and O’Neil 
(2001) generally describes vegetation cover types or land use/land cover types.  Geographic 
distribution and physical setting-- including climate, elevation, soils, hydrology, geology, and 
topography-- determine vegetation cover types.  Human activities determine other land use cover 
types such as urban and agricultural habitat types. Habitat types can also include areas of 
disturbance where grasses, forbs, shrubs, or tree saplings are the primary vegetation cover type.
Wildlife habitat types, in turn, are directly related to wildlife species abundance and distribution. 

The habitat types in this report do not use the exact naming conventions found in Johnson and 
O’Neil (2001). Rather they are modified to further define habitat structural conditions and land 
cover conditions.  Specific references to regional habitat types are not needed for this study that 
occurs only within Western Washington. Westside lowland conifer-hardwood forest as described 
by Johnson and O’Neil (2001) is divided into upland forest and grassland habitat types, and 
urban and mixed environs is divided into high density commercial and residential and medium 
density residential to further define habitat structural types on project maps and in this report. 
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Structural conditions refer to vegetation structure and are based on the characteristics of trees and 
shrubs including tree size, number of canopy layers, and canopy closure. Structural conditions in 
urban areas are shaped by land use cover type as indicated by variables such as the percent 
impervious surface in a watershed.   

Habitat elements are described on a site-specific basis and include biological, physical, and 
anthropogenic features that influence wildlife species distribution, abundance, fitness, and 
viability.  Common habitat elements in the Woodin Creek basin include downed wood, tree 
snags, moss, leaf litter, trails, hedgerows, street trees, ornamental landscaping, and roads. Habitat 
elements can have positive or negative effects on wildlife species. 

Opportunities can include the protection and conservation of a particular habitat, removal of 
invasive or non-native vegetation or wildlife species, or the reduction of noise and encroachment 
from surrounding developments.  The presence of non-native vegetation and wildlife is identified 
in the Findings section. 

Bird and Mammal Surveys 
Two types of wildlife survey were conducted in each daylighted reach of Woodin Creek: general 
observations, and specific studies.  The specific studies included early morning bird surveys and 
evening bat and owl surveys.  Bird and other wildlife observations were also made in the basin 
during general habitat and stream surveys in 2003.   

Six survey stations within the Woodin Creek basin, mostly in riparian areas, were established for 
the specific studies using aerial photographs and field reconnaissance. The six stations were 
located in order to represent different habitat types within the different stream reaches.  The bird 
surveys were conducted on April 29, May 23, and June 12, 2003.  The bat and owl surveys were 
conducted on July 7 and 17, 2003.  The locations of the survey stations are shown on Figure 5.
Table 17 identifies the location of each survey station within different areas of the basin and 
habitat types found in these areas. 

Early morning bird surveys were conducted once per month from April through June, and 
evening bird and mammal surveys were conducted in June and July.  Bird and other wildlife 
observations were also made throughout the Woodin Creek basin during general habitat and 
stream surveys from March through June.  A total of six survey stations ranging from near the 
mouth of Woodin Creek to the upper portion of the basin were established for these surveys.  For 
the early morning surveys, birds were observed (by direct visual observation and by their calls) 
during a 15-minute period at each station.  These surveys were conducted during the two hours 
following sunrise (approximately).  Methodology for the bird survey protocols was taken from 
Monitoring Wetlands (Miller et al., 1996).

Evening surveys were conducted during the two hours following sunset at each of the six survey 
stations. A Peterson D-100 bat detector was used at each station to detect high-frequency bat 
calls (10 to 120 Hz) for the first five minutes of the survey and later during the owl surveys.  The 
bat survey documented only presence or absence of bats.   

After five minutes of bat and other general observations, a tape of owl calls was used to attract 
and detect owls in the vicinity.  Owl calls were played for one minute per species, followed by a 
one-minute silent break for listening.  Owl species calls were played in order of bird size, from 
smallest to largest, and call type.  This was done because large owls are known to prey on 
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smaller owl species (i.e., the calls of the large owls may scare away small owls before they can 
be surveyed).  The owl species included northern saw-whet owl, western screech owl, barn owl, 
barred owl, and great horned owl.  The five owl species surveyed were chosen because they may 
occur in the City.  Owl survey techniques from How to Spot an Owl (Sutton, 1994) and 
recommendations from members of the Seattle Audubon Society were used to develop protocols 
for owl surveys. 
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PROPERLY FUNCTIONING CONDITIONS 
Ideally, reliable scientific information would exist for all populations of listed species that would 
allow the effects of an action to be quantified in terms of population impacts (NOAA Fisheries, 
1999).  As stated in the Habitat Approach, an August 1999 supplement to the NOAA Fisheries 
guidance document: Making Endangered Species Act Determinations of Effect for Individual or 
Grouped Actions at the Watershed Scale, in the absence of population-specific information, an 
assessment must define the biological requirements of a listed fish species in terms of PFC. PFC 
elements are typically identified as being either:  

1. “Properly functioning” meaning that the element can support healthy populations of fish;

2. “At risk,” meaning that functionality is maintained but there is a likelihood that further 
degradation would result in a negative response by fish populations; or

3. “Not properly functioning,” meaning that there are known limitations to those parameters 
necessary to support healthy salmonid populations.   

NOAA (1996) and USFWS (1998) have developed guidelines to assist in conducting a limiting 
factors analysis in relation to several specific PFC elements using a matrix approach following 
specific environmental pathways to evaluate indicators of habitat quality (Table 3). The King 
County stream habitat assessment methodology used for this inventory does not include all of the 
same parameters used by NOAA Fisheries and USFWS relative to a “properly functioning” 
stream system.  Because of this, it is necessary to consider indirect factors related to the overall 
condition of the drainage basin in combination with best professional opinion and make 
judgments on whether or not Woodin Creek meets “properly functioning” criteria. The following 
describes the habitat quality indicators used to assess PFC. Actual PFC for Woodin Creek are 
discussed further in the “Findings” section of this document.   

Water Quality  
Temperature

In-stream water temperatures are important indicators of stream health.  Smaller streams such as 
Woodin Creek, usually have much lower temperatures than larger mainstem streams, such as the 
Sammamish River, unless adversely affected by development.  Small cooler tributaries can 
provide higher quality rearing habitat and/or refuge from higher temperatures and may be 
important to maintaining healthy fish populations throughout the basin.  However, elevated water 
temperatures in smaller tributaries such as Woodin Creek reduce the area of usable rearing 
habitat during the summer and can render these small streams, potentially some of the most 
productive and structurally complex habitats, unusable (NOAA Fisheries, 1996).

NOAA Fisheries (1996) considers temperatures ranging from 10 to 13oC (50 to 57oF) or less to 
be a properly functioning conditions.  Temperatures from 13oC to 15oC (57 to 60oF) are 
considered an at risk condition for adult spawning salmonids and temperatures ranging from 10 
to 17oC (57 to 64oF) are considered an at risk condition for migrating and rearing salmonids.  
Temperatures above 15oC are considered not properly functioning for spawning salmonids and 
temperatures above 17oC are not properly functioning for migration and rearing salmonids 
(Table 3). 
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Sediment/Turbidity 
Salmonid habitat is produced and maintained by substrate recruited from upstream streambanks 
and deposited in downstream reaches of the river.  This natural process can be affected by 
development so that sediment inputs and turbidity exceed norms anticipated under natural 
conditions.  Excessive sedimentation, caused by landslides, dam construction, the conversion of 
historic forests to urban environments, or bank erosion, can cause fish habitat degradation 
(Kerwin, 2001).  The rearing capacity of salmon habitat is decreased as embeddedness, the 
degree to which fine sediments surround coarse substrates on the surface of a streambed (Stylte 
and Fischenich, 2002), levels increase in spawning substrates.  Along with habitat degradation, 
increased fine sediment entombs incubating salmon in redds, reduces egg survival by reducing 
oxygen flow, alters the food web, reduces pool volumes for adult and juvenile salmon, and 
reduces the availability of rearing space for juveniles rendering them more susceptible to 
predation (NOAA Fisheries, 1996).  
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NOAA Fisheries (1996) has determined that water quality within western Washington streams 
becomes not properly functioning when sediment fines have greater than 17 percent of coverage.
Streams on the west-side have at risk water quality conditions when sediment fines are at a level 
of 12-17 percent and turbidity within the stream is moderate.  Properly functioning conditions 
exist when sediment fines are less than 12 percent in the gravel substrate and turbidity is low 
(NOAA Fisheries, 1996) (Table 3).

Chemical Contamination 
Urbanization of salmonid streams can have multiple impacts.  Urbanized streams generally have 
elevated levels of many contaminants; however, the most consistent problems include oxygen 
demand, conductivity, suspended solids, ammonium, hydrocarbons, and metals.   These 
increases may be attributed to both point and non-point sources (Paul and Meyer, 2001).  The 
increase of impervious surface area within a stream basin creates higher volumes of non-point 
source pollution from runoff.  Because of restrictions placed on the direct discharge of materials 
into tributary streams under state water quality regulations, non-point pollution often contributes 
the highest level of chemical contamination found in small urban streams such as Woodin Creek.   

In addition to runoff from roads and other impervious surfaces, chemical contaminants widely 
used within urbanized areas may affect fish both directly and indirectly.  Some pesticides are 
capable of killing salmon directly and within a short period of time.  Indirect effects of pesticides 
on salmon include interfering with their food supply or altering the aquatic habitat (Lind, 2002).  
Some studies have suggested that suppressed immune systems in young salmon from chemical 
contamination could make the fish more susceptible to disease as they move further into the 
marine environment (Arkoosh, 1991,1998 as seen in Kerwin, 2001).   

NOAA Fisheries (1996) considers properly functioning conditions to be present for the chemical 
contamination indicator when there are low levels of chemical contamination from agricultural, 
industrial, and other sources.   An at risk stream contains moderate levels of chemical 
contamination from agricultural, industrial, and other sources.  If there are some excess nutrients 
and the stream contains one Clean Water Act (CWA) designated reach the stream is also 
considered at risk.  A not properly functioning stream contains high levels of chemical 
contamination from agricultural, industrial, and other sources and has high levels of excess 
nutrients and more than one CWA 303(d) designated reach (Table 3).   

The CWA requires Washington State to prepare a list of all surface waters that serve beneficial 
uses such as drinking water, recreation, aquatic habitat, and industrial use, and that are impaired 
by pollutants. A 303(d) listed reach would be a portion of a stream that falls short of state surface 
water quality standards and is not expected to improve over the next two years following listing. 
Waters that are placed on the 303(d) list require the preparation of Total Maximum Daily Loads 
(TMDL’s), which will identify the total allowable maximum amount of pollutant to be released 
so as not to impair the waterbody. The Washington State Department of Ecology assessment of 
which waters are to be placed on the list is guided by federal laws, state surface water quality 
standards, and 303(d) policy. Pollutants and water quality standards that are of primary concern 
include temperature, fecal coliform, toxic substances, excess nutrients, organic waste, and 
erosion (DOE, 2004) 
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Habitat Access 
Physical Barriers 

Physical barriers are defined as natural or anthropogenic features, features made by people or 
resulting from human activities, that prevent or inhibit the movement of salmon and steelhead, 
these include: falls, cascades, dikes/levees, ditches, culverts, weirs, flood/tide gates, dams, or 
other human structures (WDFW, 1999).   Culvert blockage appears to be the main physical 
barrier within Woodin Creek.  Washington Department of Fish and Wildlife (WDFW) (1999) 
identifies five common conditions at culverts that create migration barriers: 

Excess drop at culvert outlet; 

High velocity within culvert barrel; 

Inadequate depth within culvert barrel; 

Turbulence within the culvert; and  

Debris accumulation at culvert inlet. 

Adequate migration corridors are vital to maintaining anadromous fish populations.  Physical 
barriers may reduce the quantity of available habitat that can be utilized by anadromous fish for 
spawning and rearing.   Even where adult fish can bypass a potential barrier and gain access to 
spawning areas, habitat barriers can result in impacts to anadromous fish populations.  Studies 
have shown that the majority of salmonid movement is upstream even during fry stages (Kahler 
and Quinn, 1998).  Any type of physical barrier to this upstream movement precludes the use of 
vital upstream habitat for migration, spawning, and rearing life stages. 

NOAA Fisheries (1996) considers streams with any man-made barriers present in the watershed 
that allow upstream and downstream fish passage at all flows is considered to be “properly 
functioning” for habitat access. A stream is at risk when any man-made barriers are present in 
the watershed and do not allow upstream and/or downstream fish passage at base/low flows.  Not 
properly functioning conditions exist when any man-made barriers present in watershed do not 
allow upstream and/or downstream fish passage at a range of flows (Table 3). 

Habitat Elements 
Instream Habitat (Pool Frequency and Pool Quality) 

Riffles and pools are often the dominant habitats in smaller tributary streams. Pools are created  
by erosion processes in the channel and below in-stream obstructions.  Riffles are associated 
with straight, often higher-gradient, areas and are characterized by shallow, faster flow.  The 
spacing between pools and riffles is indicative of the slope and condition of the stream channel.
Pool habitat is important for all stages of salmonid development.  Adult salmon need deep pools 
for resting and for shelter from predators (Kerwin, 2001).  Pools are important rearing habitat for 
juvenile salmonids.

NOAA Fisheries’ (1996) indicators for pool habitat are divided into pool frequency and pool 
quality.  Habitat elements are properly functioning for pool indicators when pool frequency 
standards of 184 pools per mile are present within a stream with five foot of width and large 
woody debris recruitment standards are properly functioning.  Pools also must be greater than 
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one meter deep with good cover and cool water, along with minor reduction of pool volume by 
fine sediment  (NOAA Fisheries, 1996) (Table 3).

Substrate
Substrate is vitally important to most salmonid fish, particularly the trout and salmon species that 
occur in the Pacific Northwest.  Studies have shown that in a healthy stream young salmon and 
trout hide in the interstitial spaces between cobbles and boulders to avoid predation (Mendocino 
website, 2002).  Suitably sized substrate is also required for most species of salmon and trout to 
successfully spawn. 

NOAA Fisheries has determined that properly functioning conditions for the substrate indicator 
exist when dominant substrate is gravel or cobble with clear interstitial spaces in between and 
embeddedness is less than 20 percent.  If gravel and cobble is subdominant or is dominant and 
contains an embeddedness of 20 to 30 percent then the habitat element is at risk.  Not properly 
functioning conditions exist when bedrock, sand, silt or small gravel is the dominant substrate, or 
if gravel and cobble are dominant, embeddedness is greater than 30 percent (NOAA Fisheries, 
1996) (Table 3).

Large Woody Debris 
Large woody debris (LWD) is an important part of functioning stream habitat and plays many 
roles in a healthy stream environment.  Large woody debris is defined as large woody material, 
usually at least 20 inches in diameter, which has fallen to the ground or into a stream (Kerwin, 
2001).  Large woody debris helps to contribute nutrients to instream habitat through 
invertebrates, vegetated material, and indirectly by holding salmon carcasses.  Structurally, LWD 
provides potential roosting, nesting, refuge, and foraging opportunities for wildlife; foraging, 
refuge, and spawning substrate for fishes; and foraging, refuge, spawning, and attachment 
substrate for aquatic invertebrates and plants (Brennan and Culverwell in prep, as seen in 
Kerwin, 2001).

NOAA Fisheries’ (1996) standards for properly functioning LWD within western Washington 
streams are greater than 80 pieces of LWD per mile with diameters of greater than 24 inches and 
greater than 50–feet in length.  Habitat elements at risk meet standards for properly functioning, 
but lack potential sources from riparian areas of woody debris recruitment to maintain that 
standard.  Not properly functioning conditions do not meet standards for properly functioning 
and lack potential large woody debris recruitment (Table 3).   

Off Channel Habitat
Off channel habitat such as ponds, connected wetland areas, side channel stream, and backwater 
pools are important habitat areas for juvenile salmonids.  These off channel areas not only 
provide refuge areas for juvenile salmonids during high stream flows, but also provide protection 
from predators.  In small tributary systems such as Woodin Creek, off channel habitat may not be 
common even under natural conditions; however, these streams themselves provide necessary off 
channel habitat and refuge for fish when associated with larger mainstem waterbodies such as the 
Sammamish River. 

NOAA Fisheries (1996) standards for off channel habitat describe properly functioning 
conditions containing backwaters with cover, and low energy off channel areas (such as ponds, 
and oxbows etc).  Conditions are at risk when the habitat contains some backwaters and high-
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energy side channels.  Not properly functioning habitat exists when few or no backwaters and no 
off channel ponds exist (Table 3). 

Channel Condition and Dynamics 
Width/Depth Ratio 

Comparisons of bankfull width to depth ratios can indicate shifts in channel stability in response 
to disturbance (Rosgen, 1996 as seen in Kerwin, 2001).  Increased discharge increases erosion 
rates of the streambanks and causes channel widening and increased width to depth ratios 
(Kerwin, 2001).  NOAA Fisheries (1996) describes properly functioning conditions existing 
when the bankfull width to depth ratio is 10.  At risk conditions exist when the width to depth 
ratio is 10 to 12.  A not properly functioning condition occurs when the ratio is above 12 (Table 
3).

Streambank Condition 
Streambanks provide important sources of gravel recruitment necessary to maintain natural 
stream functions; however, where banks become unstable due to the lack of vegetation or 
increased scour within the channel, the input of sediment may exceed the system’s natural 
capacity.  As a result, some habitats can be impacted by excessive bed load scour while others 
can be lost to sedimentation.  

NOAA Fisheries (1996) describes properly functioning conditions as having greater than 90 
percent stable banks or on average less than 10 percent of streambanks are actively eroding.  
Conditions are at risk when streambanks are 80 to 90 percent stable.  A not properly functioning 
condition exists when less than 80 percent of the streambanks are eroding (Table 3). 

Floodplain Connectivity  
Natural floodplains provide an area for dissipation of energy during flood events.  Many natural 
streams and rivers floodplains are connected directly to the river at many points, allowing the 
floodplains to store flood water and later discharge this storage back to the river during lower 
flows.  NOAA Fisheries (1996) describes properly functioning conditions existing when off 
channel areas are frequently linked hydrologically to the mainstream channel, overbank flows 
occur and maintain wetland functions, riparian vegetation, and succession.  Conditions become 
at risk when linkage of wetland, floodplains, and riparian areas to the mainstream channel are 
reduced.  This causes overbank flows to be reduced relative to historic frequency, as evidenced 
by a moderate degradation of wetland function, riparian vegetation, and riparian succession.  Not 
properly functioning conditions exist when hydrologic connectivity between off channel, 
wetland, floodplain, and riparian areas are severely reduced. During not properly functioning 
conditions, the wetland extent is drastically reduced and riparian vegetation/succession is altered 
significantly (Table 3). 

Flow/ Hydrology 
Change in Peak/Base Flows 

The change in peak/base flows is linked to a number of human activities such as changes in land 
cover, including the clearing of forests and the creation of impervious surfaces.  The combination 
of activities increase storm flows and reduces base flows (Kerwin, 2001).  Flood impacts may be 
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exacerbated by human activities that lead to increased sediment loads, point and non-point 
source pollutants, and the removal of instream LWD.  However, floods can also be beneficial as 
they also produce and maintain habitats where they provide the necessary energy to scour deep 
pools, connect off channel habitats, and create side channels (Kerwin, 2001).  Low flows 
typically limit salmon production for stocks that rear during summer within the stream (Kerwin, 
2001).

NOAA Fisheries (1996) describes properly functioning conditions as having conditions indicated 
for change in peak/base flows by watershed hydrographs that indicate peak flow, base flow, and 
comparable timing characteristics to any undisturbed watershed of similar size, geology, and 
geography.  At risk conditions are indicated by the evidence of altered peak flow, baseflows, 
and/or flow timing is relative to an undisturbed watershed of similar size, geology, and 
geography.  Not properly functioning conditions exist when there are pronounced changes in 
peak flow, baseflow, and/or flow timing is shown relative to an undisturbed watershed of similar 
size, geology, and geography (Table 3). 

Increase in Drainage Network  
All the tributaries of Lake Washington and Lake Sammamish utilized by salmonid species have 
been intensively urbanized with a myriad of human-caused habitat impacts, which for the most 
part mask the natural population limiting factors of low summer stream flows and poor spawning 
gravel quality. 

NOAA Fisheries (1996) describe properly functioning conditions for flow/hydrology drainage 
network indicator existing when zero or minimum increases in the drainage network density due 
to roads are present.  Conditions are at risk when moderate increases in drainage network density 
due to roads exist, for example, approximately 5 percent increase.  Not properly functioning 
conditions exist when there are significant increases in drainage network density due to roads, 
for example, an increase of 20 to 25 percent (Table 3).

Watershed Condition and Dynamics 
Road Density and Location 

NOAA Fisheries (1996) describe properly functioning conditions existing within a watershed 
environment when the watershed contains no valley bottom roads and has less than two miles of 
roads.  Conditions are at risk when some valley bottom roads exist and there are 2 to 3 miles of 
road per square mile within the watershed.  Not properly functioning conditions exist when there 
are many valley bottom roads with greater than 3 miles of roadway within the watershed (Table 
3).

Disturbance History 
NOAA Fisheries (1996) describes disturbance history within a watershed based upon conditions 
that exist in a forested environment and not an urban environment and thus is not applicable as 
criteria for Woodin Creek. Much work has been done in the urban environment in relation to 
disturbance history (Booth et al., 2001; Horner and May, 2000; May et al., 1997), and much of 
the disturbance history is correlated with increases in impervious surface area. Studies in Puget 
Sound lowland streams show that alteration can occur in basins with as little as 10 percent total 
impervious surface.  However, dramatic effects can be seen relative to discharge in basins where 
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impervious surface exceeds 40 percent (May et al., 1997). The amount of impervious surface 
area within the Woodin Creek basin will be used to assess the disturbance history. 

Riparian Zone and Vegetation
Riparian zones are transitional areas between aquatic and upland habitats.  These usually lie 
within an area between 100 or 200 feet from the water’s edge (Raedeke, 1988 in Johnson and 
Ryba, 1992).  A number of wildlife species depend heavily on the functions of riparian zones 
including the life history of Pacific Northwest fish (Johnson and Ryba, 1992).  This habitat 
assessment will concentrate on the influences of riparian systems on salmonids that include: 

The contribution of organic matter (leaves, needles, cones, twigs, wood, and bark) and many 
terrestrial insects vital to the diet of juvenile salmonids. 

The contribution of large woody debris, logs and branches, that shape channel morphology, 
retain organic matter, and provide essential cover for juvenile salmonids. 

The stabilization of streambanks with roots that also contribute to the formation of juvenile 
salmonid habitat. 

Protective cover from overhanging vegetation that helps maintain cool stream temperatures 
in small stream systems during the summer (Johnson and Ryba, 1992). 

If a riparian buffer is to be able to meet all of these functions, it must have a properly functioning 
riparian reserve.  A properly functioning riparian reserve provides adequate shade, large woody 
debris recruitment, and habitat protection and connectivity in all subbasins, and buffers or 
includes known refugia for sensitive aquatic species (greater than 80 percent intact) (NOAA 
Fisheries, 1996) (Table 3).
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FINDINGS

Review of Existing Background Data 
A primary goal of this study was to identify and summarize existing sources of information to 
determine the applicability of existing resources in regard to Woodin Creek.   Background 
sources used specifically in this assessment include:  

Salmon and Steelhead Habitat Limiting Factors Report for the Cedar-Sammamish Basin 
(Water Resource Inventory Area 8) (Kerwin, 2001) 

1992 Washington State Salmon and Steelhead Stock Inventory (SASSI) Appendix One: 
North Puget Sound Volume (WDFW and WWTIT, 1994) 

1998 Washington Salmonid Stock Inventory Bull Trout and Dolly Varden Appendix 
(WDFW, 1998) 

Catalog of Washington Streams and Salmon Utilization, Washington State Department of 
Fisheries (Williams et al., 1975) 
Draft Coastal Cutthroat SASSI Data (Unpublished)  

Tributary 87 Biological Resources Inventory (Unpublished) 

Sensitive Areas Map Folio, King County, Washington (King County, 1990) 

Soil Survey of King County Area, Washington (Natural Resource Conservation Service, 
1973)

US Geological Survey (USGS) Water Resources for Washington State: Historical Data 
(USGS, 2001). 

Existing resources indicate that little information specific to Woodin Creek is available.  Woodin 
Creek is only specifically identified in one of these resources (Salmon and Steelhead Habitat 
Limiting Factors Report for the Cedar-Sammamish Basin (Water Resource Inventory Area 8) 
and is not even shown on many of the existing inventories.   Although there was limited 
information specific to Woodin Creek in these sources, they do provide overview information on 
general fish-use and basin-wide characteristics that can be applied generally to Woodin Creek 
and other tributaries in the Sammamish River drainage (Figures 3 and 4). 

Properly Functioning Conditions 
Site-specific habitat data is provided for each of the five identified reaches in the following 
section and is based upon information gathered during the stream habitat assessment (Summer 
2003), and water quality data collected by Adolfson and the City of Woodinville.  This section 
describes the findings of the site-specific and reconnaissance-level investigations and discusses 
general conditions at the basin-level. Table 4 summarizes the PFC conditions for Woodin Creek. 
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Table 4. Summary of Woodin Creek Baseline Conditions 

Pathways:
Indicators 

Environmental
Baseline 

Comments 

Water Quality   
Temperature “at risk” to “not 

properly 
functioning” 

During summer months only. 

Sediment “at risk” TSS levels low, however erosive nature of soils in upper reaches 
likely contribute to high turbidity during storm events. 

Chemical “not properly 
functioning” 

Reach 1 does not meet state surface water quality standards for 
fecal coliform on a regular basis, elevated nitrtates/nitrites, pH low 
in winter months, DO low in summer months, elevated stream 
temperatures during summer months. 

Habitat Access   
Physical Barriers “not properly 

functioning” 
Culverted Reach 2 acts as a complete fish passage barrier to 
upstream Reaches 3, 4, and 5. Other barriers exist during high and 
low flow conditions. 

Habitat Elements   
Substrate “not properly 

functioning” 
High degree of embedment of spawning substrates in Reach 1, 
which is the only accessible spawning reach. 

LWD “not properly 
functioning” 

LWD is absent from much of Reach 1, all of Reach 2, and is 
limited in the upper reaches as well. 

Pool Frequency “not properly 
functioning” 

27 pools per mile of stream. 

Pool Quality “not properly 
functioning” 

Pools that do exist lack adequate cover and depth. 

Refugia “not properly 
functioning” 

Off-Channel Habitat “not properly 
functioning” 

Reaches 3, 4, and 5 are high gradient, Reach 2 is culverted, and 
Reach 1 is primarily channelized and offers no off-channel habitat. 

Channel Condition 
and Dynamics 

Width/Depth Ratio “properly 
functioning” 

Overall width/depth ratios are <10. 

Streambank Condition “at risk” Conditions in Reach 1 are fairly stable due to armoring and low 
bank height and Reaches 3, 4, and 5 contain steeper gradients and 
more erosive soils and are less stable. 

Floodplain Connectivity “not properly 
functioning” 

Development of valley floor, diking of Sammamish River, 
channelization, armoring, and culverting have all severely reduced 
floodplain connectivity. 

Flow/Hydrology   
Peak/ Base Flows “not properly 

functioning” 
Over 40% impervious surface within the basin. 

Drainage Network  “not properly 
functioning” 

Over 30% of impervious surface within the basin is within road 
rights-of-way. 

Watershed Conditions   
Road density and 

location 
“not properly 
functioning” 

Many roads cross Woodin Creek and almost all of Reach 1 is 
confined to roadside conveyance ditches. 

Disturbance History “not properly 
functioning” 

Highly disturbed by urban development. 

Riparian reserves “not properly 
functioning” 

Reaches 1 and 2 have been significantly modified and much of the 
riparian vegetation is gone. Upper Reaches are intact to some 
extent, but are fragmented. 
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Impervious Surface Area 
The Woodin Creek basin is approximately 408 acres in size. The total impervious area within the 
basin was calculated at 168.37 acres or 41.3% of the Woodin Creek Basin. Table 5 summarizes 
the impervious area within the basin. Stream degradation has been associated with the quantity 
of impervious surface in a basin (Booth, 2000; May et al., 1997; Horner and May, 2000).  
Urbanization changes the volume, rate, and timing of water flowing through stream systems, 
which can impact the physical characteristics of the stream channel (Booth, 1991). Dramatic 
effects can be seen relative to discharge in basins where impervious surface exceeds 40 percent 
(May et al., 1997). The percent impervious surface area within the Woodin Creek basin suggests 
that it has a large impact on the overall degradation of stream conditions and likely has a 
negative impact upon salmonid populations within the basin. 

Table 5.  Summary of Impervious Surface Area in The Woodin Creek Basin 

Measured Parameters Acres % of Study Area % of Total Impervious Area 

Street ROW 53.50 13.1% 31.8% 

Commercial/Multi-family 
Building footprints 37.70 9.2% 22.4% 

SFR R-1, R-4, R-6 25.99 6.4% 15.4% 

Large visible parking lots 51.18 12.5% 30.4% 

SUM Impervious 168.37 41.3% 100.0% 

Study Area 408.00 100.0%  
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 Water Quality 
Table 6 shows the range in which the measured parameters occurred. Appendix A contains the 
water quality data collected by both Adolfson and the City of Woodinville. Figure 2 shows the 
Adolfson’s sample site locations. The pH standards set by the State of Washington Department 
of Ecology in the Washington Administrative Code (WAC) 173-201A for class “AA” waters 
including all waters in the Lake Washington and Sammamish Basins states that pH shall be 
within the range of 6.5 to 8.5. The pH data collected by Adolfson only accounted for three days 
in 2003, but the City’s data was more comprehensive and was used to assess the pH of Woodin 
Creek (Table 6 and Appendix A). Approximately 71 percent of samples collected by the City at 
the upstream site (171st Place) were below a pH of 6.5. Approximately 10.5 percent of the 
downstream samples in Reach 1 (Woodin Park) were below a pH of 6.5.  According to State 
water quality standards Woodin Creek exceeded pH criteria standards on several occasions. 

Table 6.  Range of Water Quality Parameters Measured Within Woodin Creek

Sample Site Parameter Maximum Minimum
NE 171st Place pH 7.53  (5/8/03) 5.00  (2/13/03) 
Woodin Park  7.63  (5/1/03) 5.80  (1/16/03) 
Site 1  7.40  (8/29/03) 7.20  (5/30/03) 
Site 2 7.10  (5/30/03) 6.90  (8/29/03) 
Site 3  7.10  (*) 7.10 
Site 4  7.20  (10/31/03) 7.10  (5/30/03) 
NE 171st Place Conductivity **21.7 (8/14/03) **5.7  (3/13/03) 
Woodin Park (uOhms)** **20.4  (9/27/03) **6.3  (3/6/03) 
Site 1 uS 298  (5/30/03) 228  (10/31/03) 
Site 2  277  (10/31/03) 235  (5/30/03) 
Site 3  241  (5/30/03) 255  (10/31/03) 
Site 4  302  (8/29/03) 219  (10/31/03) 
NE 171st Place Turbidity 372  (9/11/03) 31.8  (3/6/03) 
Woodin Park (NTU) 272  (8/21/03) 20.7  (1/23/03) 
Site 1  3.35 (8/29/03) 1.5  (5/30/03) 
Site 2  4.34  (8/29/03) 2.32  (5/30/03) 
Site 3  5.42  (8/29/03) 2.64  (10/31/03) 
Site 4  4.93  (8/29/03) 2.98  (5/30/03) 
NE 171st Place Dissolved Oxy. 7.3  (10/16/03) 9.9 
Woodin Park (mg/L) 7.7  (10/16/03) 6.7 
Site 1  12.04  (10/31/03) 5.91  (8/29/03) 
Site 2  11.72  (10/31/03) 4.97  (8/29/03) 
Site 3  11.88  (10/31/03) 5.51  (8/29/03) 
Site 4  12.06  (10/31/03) 9.58  (8/29/03) 
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Temperature 
Temperature data was collected by Adolfson and the City of Woodinville to assess Woodin 
Creeks ability to support aquatic life and in particular those of salmonids. Data collected by the 
City of Woodinville from two sites (Woodin Park and at NE 171st Place) within Woodin Creek 
from January 2003 to October 2003 indicates that temperatures at the park in lower Reach 1 
ranged from 6.0 ºC (43 ºF) in February to 18 ºC (64 ºF) in July. Temperatures in the upper 
section (Reach 3) ranged from 4.7 ºC (40.5 ºF) in February to 21.3 ºC (70.3 ºF) in June.

Table 7 shows the average weekly daytime temperatures collected by Adolfson for each water 
quality monitoring site, which were those temperatures recorded between 6:00 A.M. to 7:00 P.M. 
over the seven day period, as well as the highest and lowest temperature recorded at each site. 
Temperatures within Woodin Creek appear to be “not properly functioning” for the lower reach 
(Sites 1 and 2) and “at risk” for the upper reaches (Sites 3 and 4) based on NOAA Fisheries 
standards. Temperature standards set by the State of Washington Department of Ecology in the 
Washington Administrative Code (WAC) 173-201A for class “AA” waters including all waters 
in the Lake Washington and Sammamish Basins states that temperatures shall not exceed 16 ºC 
(60.8 ºF). According to State water quality standards Woodin Creek exceeds criteria standards 
during the summer months. 

Dissolved oxygen (DO) levels were also measured in Woodin Creek (Table 6). DO levels ranged 
from poor to good, with a minimum of 4.97 mg/L recorded in Reach 1 on August 29, 2003, when 
the stream temperature was 15º C (59 ºF), and a maximum of 12.06 mg/L in Reach 3 on October 
31, 2003, when the stream temperature was 6.5º C (43.7 ºF). There is an inverse relationship 
between stream temperature and DO in that as stream temperature increases, the DO decreases. 
DO standards set by the State of Washington Department of Ecology in the Washington 
Administrative Code (WAC) 173-201A for class “AA” waters including all waters in the Lake 
Washington and Sammamish Basins states that DO levels shall exceed 9.5 mg/L. It appears that 
DO levels in Woodin Creek do not meet State standards during the summer months. 

Table 7. Summary of Temperature Data for Woodin Creek. 

Weekly Average Daytime Temperatures (ºC)
Week Air Site1 Site 2 Site 3 Site 4 

6/6/03-6/12/03 17.8 15.1 14.3 13.3 13.6 
6/13/03-6/19/03 16.7 14.5 14.1 13.5 12.9 
6/20/03-6/26/03 15.1 13.9 13.7 12.9 11.9 
6/27/03-7/3/03 18.4 15.2 14.7 15.1 13.3 
7/4/03-7/10/03 18.9 15.8 15.0 15.6 13.4 
7/11/03-7/17/03 20.0 16.8 15.8 13.8 14.4 
7/18/03-7/24/03 21.1 17.6 15.6 14.0 14.8 
7/25/03-7/31/03 21.6 17.8 16.7 14.3 15.2 
8/1/03-8/6/03 19.3 16.7 16.4 13.6 14.7 
8/7/03-8/13/03 18.9 16.7 16.5 13.5 14.5 
8/14/03-8/20/03 20.5 18.1 16.6 13.8 14.9 
8/21/03-8/27/03 15.1 13.3 13.5 10.9 11.9 

Minimum 7.6 11.7 12.6 9.5 11.0 
Maximum 32.8 21.5 19.9 22.4 17 
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Sediment/Turbidity
Turbidity data was collected by both Adolfson and the City of Woodinville (See Table 3 and 
Appendix A). Turbidity measurements within Woodin Creek ranged from 1.5 NTU’s to 372 
NTU’s.  The USFWS recommends a maximum TSS level of 80 mg/L to protect salmonids 
(Kuttel, 2001). The highest reported TSS level for Woodin Creek was 63 mg/L in November 
2000 (Table 8 and Appendix A). TSS data provided by the City was fairly low and appears to be 
protective of salmonids; however, certain turbidity levels measured by the City were much 
higher.

To a large degree, sediment and turbidity are related to the erosive character of the adjacent 
streambanks and surrounding soils types (Figure 3). Most of the erosion and sediment deposition 
in Reach 1 can be attributed to the soils and slopes that exist within the upper reaches of Woodin 
Creek (Reaches 3, 4, and 5). Soils in Reaches 4 and 5 and the upper most portion of Reach 3 
consist of Everett Gravelly Sandy Loam with 15-30 percent slopes. The lower portion of Reach 3 
is Everett Gravelly Sandy Loam with 5-15 percent slopes. However, these conditions result in 
sediment deposition within the lower reaches of Woodin Creek.  The grain size is sufficient 
enough to cause the sediments to drop out of the water column quickly once they reach the lower 
gradient portions of the stream. This limits the amount of total suspended solids within the 
system. It appears that Woodin Creek is “at risk” based upon NOAA Fisheries standards for this 
element. 

Chemical Contamination/Nutrients
Woodin Creek is not specifically listed on the state’s CWA 303(d) list; however, the list does not 
often include small tributaries such as Woodin Creek.  Data collected to date indicate higher than 
normal level of some contaminants within Woodin Creek.  Data collected by the City over a 
three year period (Appendix A) has shown high amounts of fecal coliform organisms along with 
high amounts of nitrate/nitrite, particularly within Reach 1. Reach 1 was the only site analyzed 
for contaminants.  

Fecal Coliform standards set by the State of Washington Department of Ecology in the 
Washington Administrative Code (WAC) 173-201A for class “AA” waters including all waters 
in the Lake Washington and Sammamish Basins states that fecal coliform levels shall not exceed 
a geometric mean value of 50 colonies/100ml and not have more than 10 percent of all samples 
obtained for calculating the geometric mean value exceeding 100 colonies/100ml.  The 
geometric mean for all samples collected by the City (Appendix A) is 403 colonies/100ml with 
66.7 percent of the samples exceeding 100 colonies/100ml. Reach 1 does not meet current State 
water quality standards.

Table 8 shows the contaminants that were measured by the City and the range of concentrations 
reported over the three-year period. Due to elevated stream temperatures and higher than normal 
contaminants, it is likely that Woodin Creek is “not properly functioning” based on NOAA 
Fisheries standards for this element. 
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Table 8. Reported Concentration Ranges for Analyses Assessed 

Sample Site Parameter Maximum Minimum

Woodin Park Fecal Coliforms (organisms/100ml) 2800    (June 01) 0.5       (Jan. 01) 

Woodin Park Nitrate/Nitrite (µg/l) 1460 (March 02) 0.731   (July 03) 

Woodin Park Total Phosphorous (mg/l) 0.1450  (Aug. 01) 0.0025  (Nov. 00) 

Woodin Park Total Suspended Solids (mg/l) 63       (Nov. 00) 2           (Jan. 01) 

Woodin Park Lead (mg/l) 0.00295  (Nov. 00) 0.00050  (Jan. 01) 

Woodin Park Zinc (mg/l) 0.0712  (Jan. 01) 0.0050  (Feb. 01) 

Woodin Park Copper (mg/l) 0.06460  (March 01) 0.00050  (Sept. 01) 
Source: City of Woodinville, unpublished data (Appendix A) 

Habitat Access 
Physical Barriers
Physical barriers to fish passage were noted in the field and described below. 

Reach 1.  The culvert at NE 171st Street appears to be a fish barrier during high flow events 
(Figure 2).  Sedimentation has reduced the volume of the culvert and may result in increased 
velocities that could preclude fish use during some times of the year.  No other man-made 
barriers were noted within Reach 1 that would prohibit the access of salmonids to the upstream 
reaches, although the stream is crossed by several roads via culverts.  Many of these appear to be 
newer culverts and were designed with fish passage as a consideration or allowed fish passage as 
a result of the need to provide adequate conveyance. 

Reach 2.  From 140th Avenue NE to NE 174th Street, Woodin Creek is culverted (Figure 2).  
The length of culvert is approximately 1,350 feet.  This length of culvert is a blockage to 
upstream fish passage to Reach 3 and Reaches 4 and 5. 

Reach 3.  There are no known man-made habitat blockages within Reach 3. The culvert under 
146th Place NE is likely a fish passage barrier during low-flow periods (Figure 2). 

Reach 4.  Much of the lower section of the North Tributary is culverted under the same 
development as Reach 2.  This length of culvert is a blockage to upstream fish passage and likely 
precludes anadromous fish from upstream sections of this reach and from Reach 5. 

Reach 5. There are two culverts crossings under roads within Reach 5.  One culvert is under NE 
178th Street and one is under 146th Avenue NE.  The culvert under 178th Street has a grate 
covering the culvert and is a barrier to upstream fish passage. The culvert at 146th Avenue NE is 
elevated several feet above the streambed and is a barrier to upstream migration.  

It is evident that the Woodin Creek Basin is not properly functioning for this habitat element.  
The long expanses of culverts in Reaches 2 and 4 preclude anadromous or migratory resident 
fish from accessing available upstream habitats. 
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Habitat Elements 
Substrate
Sand and silts substrates were most evident within Reach 1 of Woodin Creek (Photos 3 and 4, 
Appendix C).   Sand flows from Reaches 3, 4, and 5 and is deposited in Reach 1 due to lower 
stream gradients.  The majority of sediment deposition from erosion areas in Reaches 4 and 5 
collect at the stormwater facilities at NE 178th Street/NE Woodinville-Duvall Road. Catch 
basins along the culverted Reach 2A collect sediment as well. Erosion areas for Reach 3 
generally included areas in the vicinity of stations 49+00 to 51+00.  Erosion areas were common 
in Reach 4 and included areas in the vicinity of stations: 1+00 to 11+00. Erosion areas in Reach 
5 occurred in the vicinity of stations 1+00 to3+30. In some areas, small gravel is present, but 
where it occurs it is highly embedded.  Substrates were not evaluated in Reach 2 and lower 
sections of Reach 4 because these areas are culverted. Upstream of these piped segments, 
substrates in Reaches 3 and 4 are dominated by small gravel (Photo 5, Appendix C). Cobble was 
the dominant substrate in Reach 5.  Subdominant substrates range from large gravels (Reaches 3 
and 5) in areas with higher sloped streambeds to organic matter where the stream crosses areas of 
riparian wetlands (Figure 4). Sand was a subdominant substrate in Reaches 1 and 4.  Table 9 
documents substrate composition in Reaches 1, 2, 4, and 5.  

Although sand was not a dominant substrate based on surface area coverage, the overall 
dominant coverage was 25 percent with a subdominant coverage of 52 percent. This causes a 
high degree of imbedment for the larger grained substrates such as gravels and cobble, and 
ultimately reduces stream velocities necessary to flush fine sediments from spawning substrates. 
Substrates within Woodin Creek are “not properly functioning” due to the high levels of 
sedimentation in Reach 1 and the loss of habitat area in Reach 2 due to culverts. 

Large Woody Debris
Large woody debris does not appear to meet the requirements for properly functioning 
conditions throughout the entire basin.   Large woody debris is largely absent from Reach 1.  The 
only large woody debris that was observed occurred in one location where it appears to have 
been placed during restoration efforts (Photo 6, Appendix C).  Potential for LWD recruitment in 
Reach 1 is lacking due to the lack of available mature trees in the riparian areas older trees.  No 
large woody debris occurs in Reach 2 because that section is culverted. 

Large woody debris pieces are present, but do not meet the standards for properly functioning 
due to the size and lack of number of pieces available within the streambed.  Large woody debris 
within Reaches 3, 4, and 5 is generally small, approximately 10-inch to 20-inch in diameter and 
is short (less than 20 feet).  The total number of LWD pieces, that meet standards for properly 
functioning, was 20 pieces for the 7,469 feet of stream surveyed. This equates to 14.1 pieces of 
LWD per mile of stream. Woodin Creek is “not properly functioning” for the LWD element. 
Appendix B contains stream survey data sheets, which document LWD within Woodin Creek.



Woodin Creek Basin Habitat Assessment Final Report 

Page 38 Adolfson Associates, Inc. 
September 2004 

Table 9. Substrate Summary 

Substrate Dominant Coverage 
(ft) 

Secondary 
Coverage (ft) 

Dominant 
Coverage (%) 

Sub-dominant Coverage  
(%) 

Reach 1 
Silt/Organic 40 18 1% 1% 

Sand 1,019 2,023 29% 57% 
Small Gravel 2,048 846 58% 24% 
Large Gravel 96 300 3% 9% 

Cobble 80 96 2% 3% 
Totals 3,283 3,283 93% 93% 

Reach 3
Silt/Organic 6 6 0% 0% 

Sand 718 577 37% 30% 
Small Gravel 769 575 39% 29% 
Large Gravel 460 787 24% 40% 

Cobble - 8 - 0% 
Totals 1,953 1,953 100% 100% 

Reach 4
Sand 131 1,173 10% 88% 

Small Gravel 1,200 131 90% 10% 
Large Gravel -  27  - 2% 

Totals 1,331 1,331 100% 100% 
Reach 5

Silt/Organic 75  - 11%  - 
Sand  - 75  - 11% 

Small Gravel  - 20  - 3% 
Large Gravel  - 481  - 72% 

Cobble 310  - 47%  - 
Boulder 191  - 29%  - 
Totals 576 576 86% 86% 

Summary for Reaches 1, 3, 4, and 5
Silt/Organic 121 24 2% 0% 

Sand 1,868 3,848 25% 52% 
Small Gravel 4,017 1,572 54% 21% 
Large Gravel 556 1,595 7% 21% 

Cobble 390 104 5% 1% 
Boulder 191  - 3%  - 
Totals 7,143 7,143 96% 96% 

Instream Habitat Types (Pool Frequency and Pool Quality)
Woodin Creek contains 113 habitat types in the portions surveyed of which 55 are riffle habitats 
and 39 are pool habitats. This number excludes habitat within culverts. Tables 10 through 13 
summarize the habitat data collected in the field (Appendix B) for each Reach. Table 14 
summarizes habitat data for the entire portion of stream surveyed. Instream habitat within Reach 
1 consists of low-gradient riffle and glide habitat.  Pools within Reach 1 are few and are largely 
limited to those created by stream enhancement activities including the construction of log weirs 
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across the stream and root wads (Photos 7 and 8, Appendix C).  Most of Reach 1 is contained 
within roadside conveyance ditches and/or has been channelized and straightened by past 
development activities.  Instream habitat in Reach 2 and lower sections of Reach 4 is absent as a 
result of culverting.   Instream habitat within open channel portions of Reaches 3, 4, and 5 are 
dominated by riffles with few pools (Photo 9, Appendix C).  Cascades are present in areas with 
high streambed gradients.  This occurs primarily within the Northern Tributary (Reaches 4 and 
5).  Woodin Creek contains a total of 39 pools in the 1.4 miles surveyed (Appendix B). This 
translates into 27 pools per mile of stream.  Woodin Creek contains no pools with depths greater 
than three feet and lacks the large woody debris necessary for creating quality pool habitat.  
Woodin Creek is not properly functioning based on NOAA Fisheries standards for pool 
frequency and pool quality (Table 3). 

Off Channel Habitat

Off channel habitat throughout the Woodin Creek system has been degraded by the 
channelization of Reach 1 and the culverting of Reach 2 and parts of Reach 4.  Off stream habitat 
is limited in Reaches 3, 4, and 5 due to higher streambed gradients and residential development.   
The most significant area of off-channel habitat is associated with a small pond in Reach 1 
approximately 250 feet upstream of the stream mouth (Figure 2; Photo 10, Appendix C); 
however, this pond is elevated above Woodin Creek and is not accessible as off channel habitat 
and only receives flow during storm events.  A second open water pond is located adjacent to 
Woodin Creek north of NE 171st Street within the Canterbury Estates community (Figure 2).
This pond is elevated above Woodin Creek and is not accessible as off channel habitat. Woodin 
Creek is likely to be “not properly functioning” based on NOAA Fisheries standards for off 
channel habitat. 
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Refugia
Refugia throughout the entire Woodin Creek basin has been degraded by development that has 
either resulted in the loss of mainstream habitat or riparian vegetation.  This degradation has 
reduced the amount of vegetation and appropriate substrate and other remnant habitat available 
for refugia.  Although some refugia does occur along the stream, primarily as a result of off 
channel wetlands in Reach 1, these areas are relatively small and have been impacted by adjacent 
land uses.  In several instances, off channel wetlands have been converted into landscape 
amenities as decorative ponds that do not provide as high a level of refugia function as would 
undisturbed riparian wetlands.  Woodin Creek is likely to be “not properly functioning” based on 
NOAA Fisheries standards for refugia. 

Channel Condition and Dynamics 
Width/Depth Ratio
Width/Depth ratios were calculated using channel width and depth data (Appendix B) collected 
during stream surveys. Data shows that values ranged widely between reaches with Reaches 1 
and 3 showing the widest variability. Reach 1 values ranged from 1.3:1 to 32:1. Reach 3 values 
ranged from 1.4:1 to 40:1. Reach 4 values ranged from 1.5:1 to 8:1. Reach 5 values ranged from 
3:1 to 8:1. Average width/depth ratios for all reaches are less than 10:1, which would indicate 
that Woodin Creek is “properly functioning” for this element. Low width/depth ratios are typical 
for incised channels such as those encountered in Woodin Creek. 

Streambank Condition
Streambank conditions within Reach 1 of Woodin Creek are generally stable due to the lack of 
bank height and armoring within the reach. Armoring stationing areas include the angular rip-rap 
beneath the footbridge (0+18). Bank stability is compromised to some degree in Reaches 3, 4, 
and 5 because of the erosive nature of soils and the slope of streambanks in these reaches. 
Reaches 4 and 5 are the most susceptible to erosion due to 15-30 percent slopes. Reach 3 
contains some 15-30 percent slopes in the uppermost section, but the majority is 5-15 percent 
slopes. Reaches 3-5 all contain erosion problem areas and much of this sediment is deposited in 
the lower gradient Reach 1. Streambank conditions within Woodin Creek appear to be “at risk” 
based on NOAA Fisheries standards. 

Floodplain Connectivity
Floodplain connectivity within Woodin Creek has been affected by past channelization, 
culverting, and bank armoring.  The overall floodplain area has been severely degraded by diking 
of the Sammamish River and development of the valley floor.  It is evident that Woodin Creek is 
not properly functioning for floodplain connectivity based on NOAA Fisheries standards. 

Flow/Hydrology 
Change in Peak/Base Flows
Much of the basin is comprised of impervious surfaces (Figure 2).  Runoffs from impervious 
surfaces appear to have altered peak and base flows within the basin.  The stream appears to 
commonly breach the streambanks along the main channel of Reach 1.  The level of 
development within the basin and the documented problems with sedimentation support this 
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assessment.  It is evident that the Woodin Creek Basin is not properly functioning for 
flow/hydrology based on NOAA Fisheries standards.

Drainage Network
Approximately 31 percent of the impervious surface within the Woodin Creek basin occurs in 
road rights-of-way.   Many roads have drainage networks that predate current water quality 
detention and treatment standards.  The Woodin Creek Basin is not properly functioning for 
flow/hydrology based on NOAA Fisheries standards. 

Watershed Conditions 

Road Density and Location
Many roadways cross Woodin Creek.  Most of Reach 1 is confined to roadside conveyance 
ditches.  It is evident that the Woodin Creek Basin is not properly functioning for road density 
and location based on NOAA Fisheries standards. 

 Disturbance History
The Woodin Creek Basin is 41.3% impervious surface area. The valley floor is heavily 
developed and the original stream channel in this area has been historically altered to allow for 
development. Best available science indicates that basins with greater than 40 percent 
impervious surface area are known to severely degrade streams in the Lowland Puget Sound 
region (May et al., 1997). Based upon this information, it is likely that Woodin Creek is not 
properly functioning for this element. 

Riparian Zone and Vegetation
The width of the vegetated riparian zone within the basin varies considerably by location.  In 
Reach 1, the riparian zone varies from approximately 100-feet along the east banks to five feet or 
less as it parallels NE 171st Street.  The riparian zone is completely lacking in Reach 2 and lower 
sections of Reach 4.  In Reaches 3 and 5, and in Reach 4 upstream of 143rd Avenue NE, the 
riparian corridor is more consistent and ranges from 50 to 100 feet in width.  Steep slopes and 
development under more current land use guidelines appear to have allowed riparian conditions 
in these areas to be maintained to a higher degree than in other portions of the basin.   Although 
riparian areas have been maintained in some areas, the significant modification in Reaches 1 and 
2 and the fragmentation of other riparian areas indicates that the Woodin Creek basin is not 
properly functioning for riparian reserve based on NOAA Fisheries standards. 

Fish Use in the Woodin Creek Basin 
Woodin Creek is a small tributary to the Sammamish River.  Limited site-specific data was 
found that describes fish use in Woodin Creek.  The Washington Department of Fish and 
Wildlife Priority Habitat and Species map does not identify Woodin Creek or identify fish 
presence within Woodin Creek.  On the other hand, King County Water Resources Inventory 
Area 8 data contains some information on fish presence within Woodin Creek.   The King 
County Salmon Watcher’s Program evaluated Woodin Creek in 1999 and 2002 and did not 
identify any spawning salmonids within Woodin Creek during those years. There is also 
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sufficient data available related to the larger Sammamish River Basin that allows information on 
fish use within the area, or potential fish use, within Woodin Creek to be assessed. In addition, 
Adolfson performed spawner surveys within Woodin Creek. Surveys were performed from 
September 2003 through November 2003 (Figure 2). Table 15 shows the dates the surveys took 
place and the number of spawning adults, carcasses, and redds observed for the indicated sites. 
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Table 15.  Spawner Survey Results for Woodin Creek 

Number and Species of Spawning Adults, Carcasses, and Redds Observed 
Date 

*OP-1 OP-2 OP-3 OP-4 **OR-1 OR-2 OR-3 OR-4

9/23/03 None 1 Chinook 
Carcass

None None None None None None 

10/6/03 None None None None None None None None 

10/15/03 None None None None None None None None 

10/23/03 None None None None None None None None 

10/31/03 None None None None None None None None 

11/14/03 None None None None None None None None 

11/24/03 None None None None None None None None 
*OP = Observation Point     **OR = Observation Reach 

ESA-listed and Candidate Fish Species 

Chinook Salmon and Bull Trout
Under ESA-enabling legislation, two anadromous fish species have been listed as threatened in 
Puget Sound: Chinook salmon and bull trout.  In the Lake Washington Basin, Chinook salmon 
spawn mainly in the Cedar River and Bear Creek in Redmond.  Chinook spawning in north Lake 
Washington tributaries utilize North, Swamp, Bear, Little Bear, Thornton, McAleer, and Cottage 
Lake Creeks as well as the Sammamish River.  Spawning occurs from September through 
October with the spawning peak occurring in October (WDFW and WWTIT, 1994).  Smaller 
tributaries have some documented Chinook spawning activity although it is not known if these 
streams represent reproducing runs of Chinook or if spawners are mainly strays from other 
basins.  One Chinook carcass (Photo 11, Appendix C) was discovered during the September 
2003 spawner survey at the upstream end of the culvert beneath NE 171st Street in Reach 1. The 
carcass was out of the stream and approximately five feet up the left bank in a patch of reed 
canarygrass. Water levels at the time were extremely low in this lower reach, and the Chinook 
was likely stranded and removed by a streamside predator (raccoon). No other Chinook were 
observed during the spawner surveys.

Less than a dozen bull trout have been reported in the Lake Washington Basin; these individuals 
are thought to be strays from other Puget Sound basins.  Although native char (bull trout and/or 
Dolly Varden trout) have been documented in the Snohomish River basin to the north and in 
Chester Morse Lake (headwaters of the Cedar River) (Snohomish County, 2000), no reproducing 
populations are known or thought to exist in the Sammamish River Basin.  All known successful 
bull trout spawning in the region occurs below the winter snow line (ranges from 1,500 feet to 
2,500 feet in the Western Cascades).   It is unlikely that bull trout occur within Woodin Creek. 
No bull trout were observed during the stream or spawner surveys.  

Coho Salmon
Puget Sound/Strait of Georgia coho salmon are currently candidates for listing under the ESA. 
Coho salmon utilize small streams for spawning and are found in virtually all of the accessible 



Woodin Creek Basin Habitat Assessment Final Report 

Adolfson Associates, Inc.  Page 49 
September 2004

reaches of smaller Lake Washington tributaries.  Based on declining escapement numbers, 
however, Lake Washington coho runs are considered “depressed.”  Coho spawn timing occurs 
from late October to mid-December and is very similar to hatchery coho spawn timing (WDFW 
and WWTIT, 1994) (Table 16).  Spawning surveys in 1996 identified adult coho salmon 
spawning activity within the lower reaches of Woodin Creek (King County, 2001).   Juvenile 
salmonid fish, likely to be coho fry, were observed by Adolfson biologists during site visits in 
February 2003. In addition, King County personnel electrofished and dewatered a portion of 
lower Reach 1, prior to sediment blockage removal activities in early November 2003. Two 
subyearling coho were removed and released upstream of removal activities.  No spawning coho 
were observed during surveys conducted from September through the end of November. 

Table 16.  Life History of Lake Washington Chinook and Coho Salmon (WDFW, 1994) 

Month J F M A M J J A S O N D

adult spawning –Chinook       

adults spawning –coho        

intragravel development –
Chinook

        

intragravel development –coho     

rearing –Chinook        

rearing –coho 

smolting & migration –
Chinook

          

smolting & migration –coho          

Other Salmonids 
Sockeye Salmon
Sockeye salmon stocks have been recognized as three distinct stocks according to the 
Washington State Salmon and Steelhead Stock Inventory or SASSI (WDFW and WWTIT 1994): 
(1) Cedar River; (2) tributary streams to Lakes Washington and the Sammamish River; and (3) 
Lake Washington beach spawners. These stocks are distinguished from other Puget Sound 
sockeye stocks by geographic and reproductive separation. Genetic studies suggest the current 
stocks in the Cedar River and Issaquah Creek are similar to the Baker River stock transferred 
from the Birdsview Hatchery and first released in 1935 into Lake Washington. Electrophoretic 
genetic analysis of fish taken from North Lake Washington tributaries indicates they are 
genetically different from the introduced stocks. As such, these fish may be of native origin 
(Kerwin, 2001).  Lake Washington sockeye stocks are the largest sockeye run in the state 
(Kerwin, 2001).  Spawn timing for Lake Washington sockeye occurs from early September 
through November with Cedar River and beach spawners spawning into January (WDFW and 
WWIT, 1994).  Sockeye salmon have been observed spawning in the lower reaches of Woodin 
Creek in 1996 (King County, 2001). No Sockeye were observed spawning in Woodin Creek by 
Adolfson during the September through November 2003 spawner surveys. 
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Kokanee
Kokanee salmon is the freshwater resident form of sockeye salmon. The Lake Washington Basin 
is thought to support two distinct kokanee populations and a population of residualized sockeye 
that are managed as kokanee. A summer (early) and presumed native run that returns in August 
primarily to Issaquah Creek, and a native stock returning to East Lake Sammamish Tributaries in 
November through January. A third stock, that was recently determined to be more closely 
linked genetically to sockeye, is found in North, Little Bear, and Big Bear Creeks. In March 
2000, the summer run kokanee stock that returns to Issaquah Creek was petitioned for listing as 
Endangered under the Endangered Species Act (Kerwin, 2001).  Adult kokanee have been 
identified spawning within Reach 1 of Woodin Creek (King County, 2001).  No kokanee were 
observed by Adolfson spawning in Woodin Creek during the September through November 2003 
spawner surveys. 

Cutthroat Trout
Coastal cutthroat trout, a subspecies of cutthroat trout are known to occur throughout the Lake 
Washington Basin (Kerwin, 2001).  In 1997 juvenile cutthroat trout were identified within 
Woodin Creek by the Muckleshoot Indian Tribe Fisheries Department (King County, 2001). 
Adolfson also documented cutthroat trout use of Woodin Creek during spawner and stream 
habitat surveys in Reach 1. No cutthroats were documented using the upper reaches of Woodin 
Creek (Reaches 3-5). This is likely due to the culverted section (Reach 2 and lower portion of 
Reach 4) that acts as a fish passage barrier. 

In addition, King County personnel electrofished and dewatered a portion of lower Reach 1, 
prior to sediment blockage removal activities in early November 2003. Approximately 250 
cutthroat trout were removed and released upstream of the work area. 
Steelhead Trout
Wild winter steelhead are present within the Lake Washington system and are a distinct native 
stock.  No summer steelhead stock have been identified.  Spawn timing for winter steelhead 
within the Lake Washington system is generally from early March to mid-June (WDFW and 
WWIT, 1994).  While it is unlikely that adult steelhead spawn in Woodin Creek, juvenile 
steelhead may enter the system to rear. No spawner survey was performed by Adolfson during 
peak steelhead spawning, so no assessment can be made as to their presence or absence from the 
stream. 

Other Fish 
Along with salmonids, other species in Woodin Creek are typical of Lake Washington tributaries 
and include sculpins, three-spine stickleback, western brook lamprey, red-sided shiner, large-
scale sucker, peamouth, small mouth bass, long nose dace, and speckled dace (Wydoski and 
Whitney, 1979). In addition King County personnel electrofished and dewatered a portion of 
lower Reach 1, prior to sediment blockage removal activities, in early November 2003. 
Lampreys (Lampetra sp.) and sculpin (Cottus sp.) were removed and released upstream of work 
area.
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Aquatic Species 
Aquatic species such as insects, leeches, slugs, and other species typical of Lake Washington 
tributaries are also present within Woodin Creek.  During preliminary studies stonefly larvae,  
cadis fly larvae, and adult mayflies were observed by Adolfson staff during site surveys. 

Wildlife Habitat 
Woodin Creek basin habitat and wildlife surveys were conducted within five main stream 
reaches and the upper basin area.  Habitat type descriptions and opportunities for habitat 
improvements are summarized in Table 17.  Plant species observed in the stream reach areas are 
listed in Table 17.  Bird survey findings are provided in Table 18. 

Habitat Types 
Eight primary habitat associations are identified in the basin and mapped on an aerial 
photograph.  Seven habitat types occur in the study area.  These include in order of abundance:
High Density Commercial and Residential; Medium Density Residential; Upland Forest; 
Riparian-Wetlands; Upland Grassland; Herbaceous Wetland; and Open Water Pond.  In addition, 
Agricultural areas occur in King County just south of the study area (Figure 5). 

High Density Commercial and Residential 
The dominant habitat type of the basin along Reaches 1 and 2 is high density commercial and 
residential (Photo 12).  These areas consist of nearly 100 percent impervious surfaces.  Native 
vegetation communities are lacking, and invasive, non-native plants and animals such as lawn 
grasses, Himalayan blackberry, European starling, house sparrow, house mouse, and raccoon are 
abundant.

Medium Density Residential 
The dominant habitat type of the basin along Reaches 3, 4, and 5 is medium density residential 
(Photo 13).  Single-family housing is located within 100 feet (horizontal distance) of the stream.  
This habitat type is covered by 30 to 59 percent impervious surfaces.  Vegetation is mainly lawn 
grasses and ornamental trees and shrubs, with some remaining patches of native forest.  A few 
native and non-native wildlife species are abundant in these areas including American robin, 
black-capped chickadee, house finch, domestic cat, and the species listed above for high density 
commercial and residential. 
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Upland Forest 
The largest areas of upland forest are found in the upper basin and in steep ravines bordering 
Reaches 3, 4, and 5.  Dominant trees in upland forest areas include red alder, black cottonwood, 
Douglas fir, big leaf maple, and western red cedar  (Photo 14). Common understory shrubs and 
herbs include trailing blackberry, salmonberry, Indian plum, red elderberry, hazelnut, sword fern.
Non-native, invasive vines including Himalayan blackberry and English ivy are prevalent in 
some areas, especially near developed areas.  Most forest areas consist of small and medium 
trees (10 to 19” dbh) with one tree canopy layer.  The canopy layer is moderate (40 to 69 percent 
cover) near Reaches 4 and 5, and closed (more than 70 percent cover) in Reach 3 and the upper 
basin.  Scattered large Douglas fir, big leaf maple and black cottonwood (20 to 36 inches 
diameter at breast height [dbh]) are found near Reach 3. Habitat elements include herbaceous 
ground cover, shrub thickets, fruits, seeds, nuts, leaf litter, moss, and small deciduous snags.  
Wildlife species observed in this habitat type include a number of bird, mammal, and amphibian 
species as described in the wildlife survey sections below. 

Riparian Wetlands 
Riparian wetland habitats are found along all of the reaches except for Reaches 2a and 2b that 
are piped and in the upper basin.  This habitat type is dominated by shrubs in Reach 1 and by 
shrubs and trees in Reaches 3, 4, 5 and the upper basin.  Dominant shrubs include willow species 
and salmonberry, dominant trees include red alder, black cottonwood, and western red cedar.  In 
Reach 3, herbaceous cover includes skunk cabbage and youth-on-age (Photo 15).  Structural 
forest conditions are mostly small tree (10 to 14 inches dbh) with moderate canopy (40 to 69 
percent cover).  One tree canopy layer is present, with dense shrub thickets present between the 
stream and upland forest in some places.  Habitat elements include those listed above for upland 
forest and stream and herbaceous wetland habitats.  Wildlife species observed in this habitat type 
include Pacific chorus frog, song sparrow, American robin, common yellowthroat, white-
crowned sparrow, black-capped chickadee, myotis bats, and pileated woodpecker excavations in 
snags.

Upland Grassland 
Most of the upland grassland habitat is maintained on a regular basis by mowing and is found in 
Woodin Creek Park along Reach 1 and in the upper basin in agricultural fields.  Maintained 
grassland also includes residential lawns, too small to identify on the habitat map, in Reaches 4 
and 5.  Structures are limited to utility poles, buildings, and scattered trees.  Wildlife species in 
this habitat type include mostly American robin, European starling, and house sparrow. 

Herbaceous Wetland 
Herbaceous wetland habitat occurs adjacent to the stream and associated ponds along Reach 1 
and in storm drainage retention facilities at the downstream end of Reaches 4 and 5 (Photo 16).  
Dominant plants include reed canarygrass, bentgrass, creeping buttercup, and water cress.
Willows and red alders provide woody structure in adjacent riparian-wetland areas.  Habitat 
elements include seasonal and permanent open water, dense herbaceous cover, and adjacent 
shrubs and trees.  Wildlife species observed in this habitat type include common yellowthroat, 
red-tailed hawk, marsh wren, and song sparrow. 

Open Water Pond 
Permanent open water ponds occur mainly in Reach 1 (Photo 17), while seasonally ponded areas 
occur throughout the riparian-wetland area of Reach 3.  Ponds are situated adjacent to 
herbaceous wetland and riparian-wetland habitats and habitat structure and elements are similar 
to those listed for herbaceous wetland.  Wildlife species observed in the study area and expected 
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use open water areas include gadwall, mallard, red-winged blackbird, violet-green swallow, 
marsh wren, Pacific chorus frog, and others. 

Wildlife Surveys 
Results of the early morning bird surveys are provided in Table 18.  The most common species 
observed at most stations included American crow, American robin, Bewick’s wren, black-
capped chickadee, song sparrow, spotted towhee, and white-crowned sparrow.  These species are 
generally adapted to vegetated habitats located within an urban matrix.  Species closely 
associated with herbaceous wetland and open water wetland habitats were observed only at 
Station 1, and include red-winged blackbird, common yellowthroat, marsh wren, and gadwall. 

During bat and owl surveys conducted in July, bat echolocations were detected at Stations 3, 5, 
and 6, and a family of western screech owls were observed perching and flying between trees 
and by their call at Station 5.  It is interesting to note that bats and owls were only detected at the 
stations that were located near medium to large conifer trees.  The owls were observed flying 
between conifer trees, between residential properties and the ravine.  Structure for bat roosting 
could be limited where conifer trees or other large trees are not present.  Smaller deciduous trees 
usually lack peeling bark and fissures that characterize medium to large conifer trees.  Peeling 
bark and fissures provide potential roost sites for bats. 

Other wildlife observations recorded during the habitat surveys included ruby-crowned kinglet, 
dark-eyed junco, mallard, pileated woodpecker excavations, eastern gray squirrel, Pacific chorus 
frog, mole and mountain beaver tunnels, raccoon, and Virginia opossum. 

Special Status Species 
Special status wildlife species include species designated by federal or state government agencies 
(USFWS, NMFS, and WDFW) as endangered, threatened, proposed, candidate, sensitive, and 
monitor species.  The USFWS also designates species of concern.  Habitat for several special 
status wildlife species occurs in the Woodin Creek basin.  The foraging sign, excavations in live 
and dead trees, of pileated woodpecker, a state candidate species, was observed during habitat 
surveys in Reach 3.  Foraging habitat for this species is especially prevalent in this reach.  
Potential nest sites for status species such as bald eagle, pileated woodpecker, and great blue 
heron are limited in the basin due to the lack of large trees within remaining forest habitats.  
However, foraging habitat is present for bald eagle and great blue heron, mostly along the 
Sammamish River.  Olive-sided flycatcher, a federal species of concern, was heard in the 
distance at Station 6 during an early morning bird survey.
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Table 18. Early Morning Bird Survey Results. 

Bird Species 29-Apr-03 23-May-03 12-Jun-03 

Stations Stations Stations

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

American crow x x x x x   x x    x x x x x  

American robin x x x x x x x  x x x x x x x x x x

Bewick's wren    x x x    x x    x x x x

Black-capped chickadee x x    x      x x x  x x x

Bullock's oriole             x      

California quail            x       

Canada goose       x            

Cedar waxwing        x           

Chestnut-backed chickadee   x   x     x      x  

Common yellowthroat x      x      x      

European starling       x      x x   x x

Gadwall       x            

Gull    x      x         

House finch x            x   x   

House sparrow        x  x    x     

Marsh wren x      x            

Northern Flicker       x          x  

Olive-sided flycatcher                  x

Red-breasted nuthatch   x  x              

Red-winged blackbird x      x      x      

Song Sparrow x x x  x x x x x x   x x x x x  

Spotted towhee x     x   x x x x x x x x x x

Stellar's jay   x x    x   x    x  x x

Swainson's thrush                 x  

Violet-green swallow              x     

White-crowned sparrow x x x x  x       x x  x   
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LIMITATIONS
All rights-of-entry for the purpose of conducting this study was granted by the City of 
Woodinville.  The boundaries of the study area were established based on maps provided by the 
City.  It should be recognized that stream surveys are inexact sciences; fisheries professionals 
may disagree on the characterization of habitat types, the relative value of certain habitat 
features, and stream classifications.  The final determination of stream classifications is the 
responsibility of the resource agencies that regulate activities in and around streams. 
Accordingly, all stream evaluations performed for this study, as well as the conclusions drawn in 
this report, should be reviewed by the appropriate regulatory agencies prior to any detailed site 
planning or construction activities.  Further, streams are dynamic systems; habitat types and 
riparian vegetation may change with time.   

Within the limitations of schedule, budget, and scope-of-work, we warrant that this study was 
conducted in accordance with generally accepted environmental science practices, including the 
technical guidelines and criteria in effect at the time this study was performed, as outlined in the 
Methods section.  The results and conclusions of this report represent the authors' best 
professional judgment, based upon information provided by the project proponent in addition to 
that obtained during the course of this study.  No other warranty, expressed or implied, is made. 
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City of Woodinville 

Woodin Creek Water Quality Data    

Collected by the City of 
Woodinville        

Date

Fecal
Coliforms

(org/100ml) 
Nitrate/Nitrite

(ug/l)
Total P 
(mg/l)

Total
Suspended 

Solids
(mg/l) Lead (mg/l) Zinc (mg/l) Copper (mg/l) 

                

Year 2000 

Oct 780.0 852 0.0849 19 0.00189 0.0158 0.00274 
Nov 580.0 975 0.0025 63 0.00295 0.0230 0.00497 

Year 2001 
Jan 0.5 1,170 0.0697 2 0.00050 0.0712 0.00176 
Feb 23.0 1,130 0.0367 2 0.00108 0.0050 0.00120 
Mar 310.0 941 0.0559 6 0.03680 0.0050 0.06460 
Apr 55.0 1,120 0.0450 7 0.00050 0.0050 0.00151 
May 27.0 668 0.0447 2 0.00050 0.0050 0.00106 
June 0.5 634 0.0600 5 0.00050 0.0050 0.00124 
July 200.0 540 0.0795 2 0.00050 0.0050 0.00149 
Aug 0.5 351 0.1450 13 0.00402 0.0257 0.00512 
Sept 2,800.0 769 0.0620 2 0.00050 0.0050 0.00050 
Oct 1,200.0 807 0.0660 4 0.00050 0.0050 0.00184 
Nov 0.5 764 0.0428 2 0.00050 0.0050 0.00120 
Dec 580.0 578 0.0803 14 0.00405 0.0262 0.00356 

Year 2002 
Jan 800.0 906 0.0529 6 0.00288 0.0227 0.00443 
Feb 170.0 1,340 0.0416 2 0.00116 0.0136 0.00195 
Mar 100.0 1,460 0.0316 2 0.00050 0.0050 0.00050 
Apr 300.0 1,120 0.0357 2 0.00050 0.0116 0.00126 
May 45.0 1,180 0.0387 2 0.00050 0.0050 0.00121 
June 2,000.0 1,200 0.1130 11 0.00239 0.0262 0.00382 
July 0.5 1,120 0.0740 2 0.00050 0.0050 0.00103 
Aug 500.0 957 0.0646 2 0.00050 0.0050 0.00128 
Sept 280.0 818 0.0519 4 0.00100 0.0100 0.00100 
Oct 660.0 900 0.0468 4 0.00100 0.0100 0.00100 
Nov 150.0 802 0.0456 2 0.00050 0.0050 0.00190 
Dec 300.0 943 0.0405 2 0.00050 0.0050 0.00118 
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Year 2003 
Jan 430.0 1,230 0.0378 2 0.00050 0.0050 0.00050 
Feb 160.0 1,130 0.0345 2 0.00050 0.0050 0.00050 
Mar 55.0 1,160 0.0327 2 0.00050 0.0050 0.00050 
Apr 140.0 879 0.0381 2 0.00050 0.0108 0.00200 
May 91.0 922 0.0472 2 0.00050 0.0050 0.00050 
June 350.0 0.926 0.0698 2 0.00050 0.0102 0.00050 
July 220.0 0.731 0.1090 2 0.00050 0.0162 0.00160 
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Project: Woodin Creek Water Quality Monitoring (Project #23007) 

Monitor: Deron Lozano; Adolfson Associates, Inc. 

Date:   May 30, 2003 

Weather: Sunny with scattered clouds 

Table 1.  Woodin Creek Water Quality Monitoring Results 

Water Quality Parameters Site / Location Sample 
Time Dissolved 

Oxygen 
(mg/l) 

Turbidity 
(Nephelometric 
Turbidity Units 

(NTUs)) 

pH Conductivity 
(µS/cm) 

Temp. 
( C)*

Site 1
Sammamish River 
Regional Park 

9:53 a.m. 10.52 1.50 7.2 298 13.5 

Site 2
Immediately west of 
140th Ave. NE 

10:30 a.m. 10.33 2.32 7.1 235 13 

Site 3
NE Woodinville-
Duvall Rd/178th Way 
NE intersection 

10:58 a.m. 10.93 4.65 7.1 255 12 

Site 4
NE 171st St./143rd Pl 
NE intersection 

11:28 a.m. 10.80 2.98 7.1 286 13.5 

*Temperature loggers were placed at each of the four sampling sites during the May 30 site visit.  Data was 
retrieved from the temperature loggers on June 6, 2003.  A graphical representation of the temperature in 
Woodin Creek and presented in the attached table.
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Project: Woodin Creek Water Quality Monitoring (Project #23007) 

Monitor: Deron Lozano; Adolfson Associates, Inc. 

Date:   August 29, 2003 

Weather: Sunny / Clear 

Table 1.  Woodin Creek Water Quality Monitoring Results 

Water Quality Parameters Site / Location Sample 
Time Dissolved 

Oxygen 
(mg/l) 

Turbidity 
(Nephelometric 
Turbidity Units 

(NTUs)) 

pH Conductivity 
(µS/cm) 

Temp. 
( C)*

Site 1
Sammamish River 
Regional Park 

8:53 a.m. 5.91 3.35 7.4 269 15 

Site 2
Immediately west of 
140th Ave. NE 

9:17 a.m. 4.97 4.34 6.9 277 15 

Site 3
NE Woodinville-
Duvall Rd/178th Way 
NE intersection 

9:32 a.m. 5.51 5.42 7.1 244 12.5 

Site 4
NE 171st St./143rd Pl 
NE intersection 

9:49 a.m. 9.58 4.93 7.1 302 13.5 

*Temperature data was retrieved from the temperature loggers placed within the stream sites June 6, 2003 
and is included in the attached table.
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Project: Woodin Creek Water Quality Monitoring (Project #23007) 

Monitor: Deron Lozano; Adolfson Associates, Inc. 

Date:   October 31, 2003 

Weather: Sunny / Clear 

Table 1.  Woodin Creek Water Quality Monitoring Results 

Water Quality Parameters Site / Location Sample 
Time Dissolved 

Oxygen 
(mg/l) 

Turbidity 
(Nephelometric 
Turbidity Units 

(NTUs)) 

pH Conductivity 
(µS/cm) 

Temp. 
( C)

Site 1
Sammamish River 
Regional Park 

11:04 a.m. 12.04 3.30 7.2 228 6.5 

Site 2
Immediately west of 
140th Ave. NE 

11:43 a.m. 11.72 3.52 7.1 277 8 

Site 3
NE Woodinville-
Duvall Rd/178th Way 
NE intersection 

12:15 p.m. 11.88 2.64 7.1 241 6.5 

Site 4
NE 171st St./143rd Pl 
NE intersection 

12:00 p.m. 12.06 3.05 7.2 219 6.5 



Woodin Creek Basin Habitat Assessment Preliminary Report 

Page A-16 Adolfson Associates, Inc.
April 2004 

This Page Intentionally Left Blank 



W
oo

di
n 

C
re

ek
 B

as
in

 H
ab

ita
t A

ss
es

sm
en

t P
re

lim
in

ar
y 

Re
po

rt
 

Ad
ol

fs
on

 A
ss

oc
ia

te
s, 

In
c.

Pa
ge

 A
-1

7 
 

Ap
ri

l 4
00

4

W
oo

di
n 

C
re

ek
 T

em
pe

ra
tu

re
 R

es
ul

ts
   

-  
 J

un
e 

6 
th

ro
ug

h 
Au

gu
st

 2
7,

 2
00

3

5.
0

10
.0

15
.0

20
.0

25
.0

30
.0

Date

6/8/03

6/10/03

6/12/03

6/14/03

6/16/03

6/18/03

6/20/03

6/22/03

6/24/03

6/26/03

6/28/03

6/30/03

7/2/03

7/4/03

7/6/03

7/8/03

7/10/03

7/12/03

7/14/03

7/16/03

7/18/03

7/20/03

7/22/03

7/24/03

7/26/03

7/28/03

7/30/03

8/1/03

8/3/03

8/5/03

8/7/03

8/9/03

8/11/03

8/13/03

8/15/03

8/17/03

8/19/03

8/21/03

8/23/03

8/25/03

8/27/03

D
at

e

Temperature (C)

Ai
r

Si
te

 1
Si

te
 2

Si
te

 3
Si

te
 4



W
oo

di
n 

C
re

ek
 B

as
in

 H
ab

ita
t A

ss
es

sm
en

t P
re

lim
in

ar
y 

Re
po

rt
 

Pa
ge

 A
-1

8 
Ad

ol
fs

on
 A

ss
oc

ia
te

s, 
In

c.
Ap

ri
l 2

00
4 

Th
is

 P
ag

e 
In

te
nt

io
na

lly
 L

ef
t B

la
nk



Woodin Creek Basin Habitat Assessment Final Report 

Adolfson Associates, Inc. Appendix B 
September 2004

APPENDIX B: STREAM SURVEY DATA SHEETS
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Habiat Inventory Summary
Woodin Creek - Reach 1

Reference
Number

(RF)

Stream
Stationing

Habitat
(HT)

Width
(W)

Depth
(D)

Length
(L)

Channel
Width
(CW)

Channel
Depth
(CD)

Primary
Substrate
(SBST)

Secondary
Substrate
(SBST)

1 00+18 22 10 10 18 12 22 3 6
2 00+41 2 6 3 23 6 15 6 3
3 00+59 24 6 8 18 8 20 3 2
4 00+99 14 7 10 40 8 28 2 3
5 01+31 16 6 5 32 8 23 4 3
6 01+51 22 8 12 20 8 3 3 6
7 01+72 22 10 15 21 12 27 5 3
8 01+91 1 4 2 19 7 14 4 3
9 02+15 17 12 13 24 15 25 3 6

10 03+30 1 4 2 115 8 23 4 3
11 04+03 14 4 8 73 6 32 3 4
12 04+55 1 4 3 52 4 27 4 3
13 04+90 14 4 6 35 4 30 4 3
14 05+20 17 15 8 30 20 32 3 4
15 07+79 14 5 3 259 8 21 3 3
16 08+64 23 5 85
17 09+25 1 5 4 61 6 19 3 4
18 09+61 14 5 5 36 6 26 3 4
19 09+75 17 5 8 14 10 26 3 4
20 10+00 1 4 2 25 6 14 4 3
21 10+16 17 4 6 16 6 21 4 3
22 10+32 1 4 3 16 6 15 4 3
23 10+60 22 6 8 28 8 23 4 3
24 10+91 1 4 3 31 6 27 3 3
25 11+36 23 5 45
26 11+46 9 5 4 10 10 12 4 5
27 13+04 1 3 6 158 4 30 4 3
28 13+65 14 3 6 61 5 30 4 3
29 14+88 1 3 6 123 4 30 4 3
30 15+07 22 3 8 19 4 30 4 3
31 15+17 9 4 6 10 4 30 3 4
32 15+70 1 5 3 53 7 15 3 3
33 15+91 17 3 10 21 4 21 3 3
34 16+39 14 3 6 48 4 20 3 4
35 16+62 1 4 2 23 6 14 4 3
36 16+77 9 9 12 15 12 24 3 6
37 16+83 9 10 14 6 10 26 3 6
38 16+94 24 5 10 11 6 22 3 3
39 17+34 1 6 3 40 7 15 4 3
40 18+57 14 3 4 123 4 12 4 3
41 18+65 9 7 6 8 7 21 4 3
42 18+76 22 4 6 11 4 21 4 3
43 19+18 1 4 3 42 5 18 4 3
44 19+70 14 4 5 52 4 20 4 3
45 19+93 1 4 2 23 5 14 4 3
46 20+01 22 5 8 8 5 20 4 3
47 20+31 14 3 6 30 4 21 4 3
48 20+39 22 5 12 8 7 27 3 4

Reach 1 Summary.xls
ANALYZE



Woodin Creek - Reach 1
Reference
Number

(RF)

Stream
Stationing

Habitat
(HT)

Width
(W)

Depth
(D)

Length
(L)

Channel
Width
(CW)

Channel
Depth
(CD)

Primary
Substrate
(SBST)

Secondary
Substrate
(SBST)

53 21+54 17 4 12 10 5 24 4 3
54 21+76 1 3 1 22 8 15 4 3
55 21+89 22 6 8 13 6 20 4 6
56 22+47 14 4 6 58 5 18 3 4
57 23+15 1 6 2 68 10 12 3 4
58 23+78 14 5 4 63 7 14 3 4
59 25+43 1 6 2 165 8 14 4 3
60 25+82 23 3 39
61 26+80 1 4 2 98 6 14 4 5
62 27+22 23 3 42
63 27+79 2 4 3 57 5 27 6 4
64 28+02 9 6 18 23 6 54 3 4
65 28+39 14 4 4 37 5 19 4 3
66 29+04 1 4 3 65 5 18 4 4
67 29+69 1 4 3 65 5 15 4 4
68 29+80 22 8 6 11 12 24 3 4
69 30+33 1 5 2 53 7 17 4 3
70 30+58 17 6 8 25 9 23 4 3
71 32+27 1 6 8 169 9 23 4 3
72 32+52 23 5 25
73 33+17 1 6 2 65 12 14 5 4
74 33+27 22 5 6 10 12 18 5 4
75 35+19 1 5 2 192 10 14 4 5
76 23

Reach 1 Summary.xls
ANALYZE
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Habiat Inventory Summary
Woodin Creek - Reach 3

Reference
Number

(RF)

Stream
Stationing

Habitat
(HT)

Width
(W)

Depth
(D)

Length
(L)

Channel
Width
(CW)

Channel
Depth
(CD)

Primary
Substrate
(SBST)

Secondary
Substrate
(SBST)

78 00+08 1 4 2 8 4 24 4 6
79 00+12 7 6 2 4 9 36 3 4
80 00+34 1 3 3 22 6 24 4 3
81 00+40 9 7 2 6 7 48 3 3
82 01+58 1 3 1 118 10 60 3 4
83 01+61 7 5 4 3 9 72 3 3
84 01+97 1 7 1 36 7 48 3 4
85 02+02 9 5 10 5 7 60 3 3
86 02+82 1 4 1 80 15 48 4 3
87 03+32 2 3 1 50 10 48 4 3
88 04+27 1 3 1 95 18 60 5 3
89 04+32 9 2 2 5 18 72 3 3
90 05+97 1 4 2 165 20 84 5 3
91 06+27 1 7 1 30 30 84 3 4
92 06+65 1 3 1 38 10 12 5 3
93 06+68 9 4 3 3 20 24 3 3
94 08+24 1 3 1 156 15 36 3 4
95 08+26 17 4 8 2 15 36 3 3
96 09+96 1 3 1 170 10 36 3 5
97 09+99 9 3 2 3 6 24 3 4
98 13+49 1 3 1 350 10 48 4 5
99 13+75 1 3 1 26 20 6 5 4
100 13+78 13 4 5 3 10 8 3 4
101 14+21 1 3 1 43 6 16 5 4
102 14+25 13 3 4 4 5 10 3 5
103 15+58 1 3 1 133 10 10 3 4
104 15+68 3 4 1 10 4 24 3 3
105 15+85 1 4 1 17 6 24 3 4
106 15+91 9 3 10 6 5 26 3 4
107 16+84 1 4 1 93 4 20 5 3
108 16+88 13 6 6 4 6 26 3 5
109 17+15 1 4 1 27 5 12 4 5
110 17+21 13 8 4 6 8 18 2 2
111 19+53 1 3 1 232 5 28 4 5

Reach 3 Summary.xls
ANALYZE









Habiat Inventory Summary
Woodin Creek - Reach 4

Reference
Number

(RF)

Stream
Stationing

Habitat
(HT)

Width
(W)

Depth
(D)

Length
(L)

Channel
Width
(CW)

Channel
Depth
(CD)

Primary
Substrate
(SBST)

Secondary
Substrate
(SBST)

112 01+25 1 4 2 125 4 24 3 4
113 01+52 2 3 1 27 3 24 4 5
114 08+44 1 6 2 692 8 24 4 3
115 08+50 9 2 3 6 4 6 3 4
116 13+31 1 4 2 481 5 14 4 3

Reach 4 Summary.xls
ANALYZE





Habiat Inventory Summary
Woodin Creek - Reach 5

Reference
Number

(RF)

Stream
Stationing

Habitat
(HT)

Width
(W)

Depth
(D)

Length
(L)

Channel
Width
(CW)

Channel
Depth
(CD)

Primary
Substrate
(SBST)

Secondary
Substrate
(SBST)

05_1 23 2
05_2 03+10 1 4 4 310 7 12 6 5
05_3 03+30 3 3 2 20 6 24 7 4
05_4 05+01 1 2 2 171 4 6 7 5
05_5 05+91 23 2 90
05_6 06+66 1 2 1 75 2 6 2 3

Reach 5 Summary.xls
ANALYZE
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Photo 1.  Mouth of Woodin Creek at the Sammamish River beginning of Reach 1 (0+00). 

Photo 2.  Sammamish River downstream of Woodin Creek below the beginning of Reach 1.
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Photo 3.  Sand substrate within the mainstem of Reach 1 of Woodin Creek below   
NE 171st Street adjacent to Woodin Creek Park (~7+00). 

Photo 4.  Sand substrate and visible sediment at depth within Reach 1 of Woodin Creek  
along the north side of NE 171st Street and south of Canterbury Square (~9+50). 
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Photo 5.  Stream channel Reach 3 of Woodin Creek upstream from the culvert  
on NE 171st Street (~2+50). 

Photo 6.  Large woody debris within Reach 1 upstream from the mouth of Woodin Creek (~2+00). 
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Photo 7.  Pools within Reach 1 of Woodin Creek created by log weirs (~16+50). 

Photo 8. Root wad secured on the left bank of Reach 1 of Woodin Creek (~18+57).
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Photo 9.  Riffle habitats in Reach 3 (~5+97). 

Photo 10.  Off Channel Pond in Reach 1 (3+30). 



Adolfson Associates, Inc.  Page C-6 
April 2004

Photo 11.  Chinook Carcass on LB of Woodin Creek (9/23/03) (~9+50) 

Photo 12. High density residential land use adjacent to Reach 1 (March 21, 2003). 
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Photo 13.  Medium density residential land use between Reaches 4 and 5 (March 21, 2003). 

Photo 14. Upland forest in Reach 5 (March 21, 2003). 
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Photo 15. Riparian-wetland forest in Reach 3 (March 21, 2003). 

Photo 16. Herbaceous wetland habitat in a storm drainage retention area at the downstream end of 
Reaches 4 and 5 (~0+00) (March 21, 2003). 
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Photo 17. Open water pond habitat adjacent to Reach 1 and Woodin Creek Park (May 23, 2003) 
(~3+30).
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ADOLFSON ASSOCIATES, INC.  5309 Shilshole Avenue NW, Suite 200 Seattle, WA  98107 
 Tel  206 789 9658 www.adolfson.com Fax  206 789 9684 

MEMORANDUM

DATE: April 12, 2004 

TO: Yoshihiro Monzaki, P.E. 

FROM: Benn Burke 

RE: Woodin Creek Habitat Assessment 
 Summary of Results, Discussion, and Recommendations 

The discussion of the results, conclusions, and recommendations of the Woodin Creek Habitat 
Assessment (the study) prepared by Adolfson Associates, Inc. are summarized in the following 
technical memorandum.  Specific results and findings are presented detail in the main body of the 
report. 

RELATIONSHIP TO BEST AVAILABLE SCIENCE CRITERIA 

Washington State has state adopted procedural criteria to assist with the implementation of the State’s 
Growth Management Act (GMA).   The State requires that cities consider “best available science” in 
developing land use management policies.  As described in the study, the primary purpose of the 
Woodin Creek Basin Habitat Assessment is to provide baseline information on fish and wildlife habitat 
conditions and identify factors that may be limiting to fish and wildlife, with particular attention provided 
to anadromous fisheries as directed by the State criteria. These data could be used to support the City 
of Woodinville’s efforts to develop regulations and policies to comply with the GMA as well as provide 
a baseline for ongoing management activities within the basin.  

There are three levels of assessment presented in the study relative to “best available science.”  The 
first level of information is data collected in the field that is specific to Woodin Creek in 2003.   The 
study followed King County’s stream habitat assessment methodology (King County, 1991).   This is a 
semi-qualitative method used to document channel characteristics, in-water habitat conditions, riparian 
habitat conditions, substrate, and large woody debris.  The second level of evaluation discussed in the 
study is related to assessing the general condition of Woodin Creek by comparing it to a hypothetical 
“properly functioning” stream system as currently defined by National Oceanic and Atmospheric 
Administration (NOAA) Fisheries in the document titled: Making Endangered Species Act 
Determinations of Effect for Individual or Grouped Actions at the Watershed Scale (NOAA Fisheries, 
1996) and United States Department of the Interior Fish and Wildlife Service (USFWS) in a parallel 
document titled: A Framework to Assist in the Making of Endangered Species Act Determinations of 
Effect for Individual or Grouped Actions at the Bull Trout Subpopulations Watershed Scale (Draft)
(USFWS, 1998).  This level of assessment is comparable to what would be required in support of a 
Biological Assessment that might be prepared as part of a permit application or in support of a federal 
grant for a capital project.  The King County stream habitat assessment methodology used for this 
inventory does not include all of the same parameters used by NOAA Fisheries and USFWS relative 
to a “properly functioning” stream system.  Because of this, it is necessary to consider indirect factors 
related to the overall condition of the drainage basin in combination with best professional opinion and 
make judgments on whether or not Woodin Creek meets “properly functioning” criteria. 

The third level of assessment is a discussion of the findings in an attempt to step beyond the empirical 
data and provide forward-looking observations and offer hypothesis for why a particular condition 
occurs in Woodin Creek.  Where hypothesis serves as the basis for the discussion, we have 
recommended potential future studies or monitoring so that better information may become available.    
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It should be recognized that stream surveys are inexact sciences and fisheries professionals may 
interpret the conclusions and recommendations differently based on the same data.  Therefore, the 
second and third levels of assessment are less objective than the simple reporting of results.  To 
assist with the delineation between data types related to “best available science” the following 
summaries of these report findings are delineated into Summary of Findings and Discussion.  These 
sections are followed by two sets of recommendations:  1) recommendations for continued or future 
monitoring and study and 2) recommendations for potential projects or programs to further assess or 
attempt to mitigate for a known or assumed limiting factor. 

WATERSHED CONDITIONS AND FLOW AND HYDROLOGY 

NOAA Fisheries (1996) and USFWS (1998) discuss Watershed Conditions and Flow and Hydrology 
as the last two factors relative to their parameters for a properly functioning stream.  This is largely 
because these assessment methods were developed for watersheds within forests areas proposed for 
timber harvest.  Following harvest these areas would generally be replanted and would continue to be 
used for forest production.  Neither agency had developed assessment criteria at the time of the study 
that reflects urban stream conditions.  Many authors that study urban systems argue that watershed 
conditions that affect flow and hydrology should be the primary factor considered when assessing the 
health of urban systems.  As a result, these parameters are discussed first here because watershed 
conditions and flow and hydrology within the Woodin Creek basin appear to be closely related to many 
other parameters. 

Summary of Findings 

The study included an indirect assessment of conditions and past actions that have occurred in the 
basin that affect flow and hydrology.  During the study, biologists reviewed drainage maps provided by 
the City and conducted an assessment of the level of impervious surface associated with the various 
land uses within the basin. These assessments found that Woodin Creek has a high level of 
impervious surface.  Approximately 41 percent of the total basin area of approximately 400 acres is 
covered by some type of impervious surface (roads, buildings, parking lots).  The highest level of 
impervious surface within the basin was associated with road rights-of-way.  The second highest level 
of impervious surface was associated with large parking lots for commercial, retail, and multifamily 
residential development.  These two sources account for over half of the total impervious surface with 
the basin.  Roadways and parking lots also impact flow and hydrology in Woodin Creek as a result of 
culverts.  Approximately 20 percent of the total length of stream within the Woodin Creek basin is 
enclosed in culverts or pipes under roadways and parking lots.  The most significant amount of 
alternation is the piping of the entirety of Reaches 2a and 2b (approximately 3,200 feet).  In addition to 
these pipes, flow and hydrology within the basin are affected by the use of much of Reach 1 for 
conveyance of stormwater from developed areas.  Flow enters the stream through a series of pipes 
and is conveyed downstream until it reaches a high flow bypass upstream of NE 171st Street where 
flow re-enters the piped storm conveyance network near station 9+25.    

Discussion 

Impervious surface in urban stream basins is a 
concern for three primary reasons:  1) It can 
increase the quantity of water that flows into a 
stream by decreasing the amount of water 
absorbed and/or retained by the landscape; 2) It 
can decrease the quality of runoff as a result of oil, 
grease, metals, nutrients, and particulate material 
(and other items) that are deposited on roadways 
and parking areas, and 3) It decreases groundwater 
infiltration that might reduce the recharge of springs, 
wetlands, and seeps that provide base flows to the 
stream during the summer.  In addition piping and 
culverts cause constrictions in the channel, that and Photo 1:  New culvert under 133rd Avenue NE 
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affect flow rates and discharge, particularly if a culvert is undersized.   

There are five road culverts within Reach 1: 131st Avenue NE, 133rd Avenue NE, a private road at 
approximately station 25+82, a private road at approximately 27+22, and a private driveway at 
approximately 32+52 near Molbaks.  Based on field observations, two culverts, the one at 131st

Avenue NE and the one at approximately 32+52 appear to be undersized.  This observation is based 
on the fact that they both appear to create large sediment deposits above the inlet and scour was 
observed below the outlet as might be expected if water was constructed by the culvert and a head 
developed that increased water velocities within downstream reaches.  This appears to occur to the 
extent that water velocities may be creating scour in downstream habitats.  The culvert at 133rd

Avenue NE appears to be new and constructed to current standards (Photo 1).  The two private road 
culverts appear to have been recently upgraded.   

Open channel portions of Woodin Creek within Reach 1 and Reach 3 are also constrained by 
roadways.  Approximately 1,500 feet of Reach 1 and 2,000 feet of Reach 3 parallels NE 171st Street.
The portion of stream in Reach 1 north of NE 171st Street appears to have been relocated during the 
reconstruction and widening of the road.  As a result, the stream corridor is artificially straight and 
confined relative to its position in the watershed.  Given the location of this stream along the valley 
floor, a stream with a wide channel and broad meanders would be expected to be present under 
natural conditions. 

Based on the high level of impervious surface within the basin, the fact that roads and parking areas 
account for over half of the impervious surface, and the fact that extensive portions of Woodin Creek 
are piped and/or are used to provide stormwater conveyance above normally expected base flows, the 
basin is “not properly functioning” for both watershed conditions and flow and hydrology criteria. 

Recommendations 

Study and Monitoring
The study calculated a gross area of impervious surface within the basin; however, the study did not 
separate out what amount of this is “effective impervious surface,” meaning what amount is not 
effectively treated by stormwater detention and water quality treatment facilities.  To better ascertain 
the degree of impact from impervious surface, a study could be conducted that identifies those parcels 
or road segments that have stormwater control facilities and, if they do, what level of treatment they 
provide.  It is likely that even those parcels that have stormwater facilities do not provide completely 
effective treatment based on current standards. 

The City might consider a study to identify potential areas to retrofit existing development or roadways 
with stormwater management facilities.  A priority could be those parcels that currently have no 
stormwater detention or treatment and that discharge directly to the stream.  Other studies may be 
appropriate to address issues with the location and configuration of the channel.  These are described 
below under the Habitat Elements and Channel Condition and Dynamics section. 

Projects for Consideration
At this time, there does not appear to be sufficient information available to recommend a specific 
project that would result in significant improvements within the basin related to watershed condition or 
flow and hydrology issues.  But as a general recommendation there appears to be opportunity for 
improvement through redevelopment in the basin.  Based on the City’s comprehensive planning 
efforts, many of the properties along Woodin Creek adjacent to Reaches 1, 2a, and 2b are planned for 
redevelopment or could be redeveloped in the future.  The redevelopment of parcels adjacent to 
Reaches 1, 2a, and 2b, should be viewed as significant opportunities to restore a measure of 
functionality to the stream corridor through the reduction of effective impervious surface and the 
removal or upgrade of piped streams and culverts.   Specifically the culverts at 131st Avenue NE and 
the one at approximately 32+52 should be priorities for replacement. 
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HABITAT ACCESS 

Summary of Findings 

The scope of the Woodin Creek Habitat Assessment included a fall and winter survey to identify use 
by adult salmon and to identify potential migration barriers based on fish-use.  One adult Chinook 
salmon (carcass) was observed during the first day of the fall spawning survey upstream from NE 
171st Street.  No other adult salmon were observed at any other time during the spawning survey.  
Local neighborhood groups have reported observations of occasional large fish (unidentified species) 
within the stream during the fall and winter.   The study did not include sampling for fish use during 
other times of the year.  King County relocated approximately 250 juvenile cutthroat trout and two sub 
yearling coho salmon from Reach 1 in November 2003 prior to conducting in-water work in the stream.   
Juvenile salmonid fish (unidentified species) were observed throughout the entire length of Reach 1 
during the summer habitat inventory.  Two adult cutthroat trout were observed downstream of NE 
171st Street within Reach 1.  In addition to salmonid fish, larval lamprey (unidentified species) and 
sculpin (unidentified species) were also seen in the stream.  No adult or juvenile fish of any species 
were noted in Reaches 3, 4, or 5. 

Discussion 

It appears that the piping and modifications within Reaches 2a and 2b have resulted in the elimination 
of fish use from the upper sections of the stream (Reaches 3, 4, and 5).  Based on the length of pipe 
within Reach 2a and 2B, it is assumed that fish are precluded from migrating up past Reaches 2a or 
2b.  Fish were only observed within Reach 1.   

In addition to the culverts discussed above, there were three habitat features in Reach 1 that biologists 
identified as potential partial blockages.  These included a riprap section of channel underneath the 
Sammamish River Trail bridge immediately upstream of the mouth (Photo 2) that may block adult 
salmon during periods of low base flows.  A debris jam within Woodin Creek Park near station 3+50 
and a waterfall that is part of a stream beautification feature within the mobile home park at 
approximately station 28+02 (Photo 3) may also be barriers.  

Based on the abundant numbers of juvenile fish throughout Reach 1 and the observed presence of 
juvenile and adult salmon within this reach, it does not appear that there are any absolute migration 
barriers within Reach 1; however, it does appear that one or more of these features could represent a 
migration barrier during certain flow levels.  As a result Woodin Creek system is not likely “properly 
functioning” based on the stated criteria.  

The assessment of potential barriers within the Woodin Creek system are based on incidental 
observations of juvenile fish during the habitat inventory, one adult salmon carcass observed during 
one spawning season, one fish salvage operation in Reach 1 by King County in November of 2003, 
and anecdotal observations of large unidentified fish in the stream by neighbors.  This is not a 
definitive set of data.  It is possible that a few other adult fish did access Woodin Creek but were not 

Photo 2: Ripraped channel near mouth. Photo 3: Man-made waterfall. 
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observed.  It is possible that because 2003 was a dry year and fall rains were delayed, the riprap 
below the Sammamish River Trail bridge (approximately station 0+18) was a more significant 
blockage than it would be under more normal circumstances.  The few carcasses that have been 
observed in the stream could be a result of being drug up from the Sammamish River by a raccoon or 
other animal.  The level of juvenile fish observed in the channel could be supported by resident 
cutthroat and/or could be a result of juvenile coho salmon out plants from local school groups, 
sportsman groups, or tribes. 

Recommendations 

Study and Monitoring
Because of the significant number of unknowns related to fish passage within the system, two courses 
of study and monitoring are recommended.  The first is to augment the data set related to adult and 
juvenile salmon use.  The City might choose to repeat the spawner surveys in a year with more normal 
rainfall patterns. The City is currently involved in the King County Salmon Waters Program.  An 
alternate to a formal study would be coordinate with the King County program to additional training 
and organizational support for neighborhood groups to the extent that observations are conducted 
regularly and that any fish that are observed can be identified with a high degree of certainty.  The City 
might also consider commissioning a study to attempt to trap out-migrating salmon smolts from 
various locations within Reach 1.  Such a study would have to be closely coordinated to insure that the 
results were not compromised by juvenile out planting by third party groups.  The second course of 
study could be to conduct specific evaluations of the potential habitat barriers identified herein based 
on State fish passage criteria. 

Projects for Consideration
Assessment and potential correction of the passage barriers under the Sammamish River Trail bridge, 
the debris jam in Woodin Park, and the man-made waterfall within the mobile home community are all 
potential projects that could benefit fisheries within the basin.  Even if these features are not absolute 
barriers, they could all impede migration of some fish under normal base flow conditions. 

Several of the culverts within the basin appear to 
have been recently replaced or enlarged to 
improve water flow and improve fish passage.  
Culverts that should be considered priorities to 
assess as potential fish barriers include the 
culvert under 131st Avenue NE upstream of 
Woodin Creek Park and the culvert at the 
upstream extent of the Molbaks parcel at 
approximately station 32+52 (Photo 4).  The 
capacity of the culvert at 131st Avenue NE 
appears have been decreased by sediment.  
Although this culvert appeared to be passable 
during the study, but additional decrease in 
capacity could create problems.   The culvert at 
Molbaks appears to be undersized based on 
observations of sediment deposition upstream and scour downstream of the culvert.  These conditions 
could result in high velocities within the culvert during high flows that could limit fish passibility.

WATER QUALITY 

Summary of Findings 

Woodin Creek did not meet all required State of Washington water quality parameters for Class AA 
waters during the study period.  Woodin Creek is characterized as a Class AA water per WAC 173-
201A.  Temperature, dissolved oxygen, and pH are the water quality parameters included in the data 

Photo 4:  Culvert inlet near station 32+52. 
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provided to Adolfson for this study that were most often exceeded that relate to fish and wildlife habitat 
support.  Temperature and dissolved oxygen values were most limiting during the summer; pH 
readings were lowest during the fall and winter.  Woodin Creek also does not provide “properly 
functioning” water quality parameters considered necessary to support healthy self-sustaining 
populations of salmonid fish per NOAA Fisheries and USFWS parameters (NOAA Fisheries, 1996; 
USFWS, 1998).  Summer temperatures recorded in Woodin Creek indicate that the primary concern is 
in relation to supporting rearing and migration habitat for salmonid fish. 

Discussion 

Woodin Creek is limited for many water quality parameters based on the current State water typing 
criteria; however, it should be noted that State water quality standards are not specifically intended to 
measure the ability of a water to support healthy populations of fish and wildlife.  Water quality 
exceedances, while common, do not appear to preclude rearing for some salmonids, particular 
cutthroat trout.  It is unknown if high temperatures result in an underutilization of some habitats or if 
temperatures result in limitations to other species of salmonids. None of the levels observed in the 
stream appear to indicate the presence of lethal conditions to fish.  Low pH values during winter 
exceed state water quality standards, but further study would be needed to determine if this was a 
result of a particular point source or is a natural condition.  Based on the level of wildlife use with the 
basin, water quality does not appear to limit many types of wildlife, particularly birds and small 
mammals habituated to urban environments.  It is unknown if water quality is particularly limiting on 
other wildlife, such as reptiles or amphibians since the wildlife inventory did not specifically target 
those species. 

Recommendations 

Study and Monitoring
Ongoing water quality monitoring is recommended to insure that long-term deleterious conditions do 
not develop.  It would be particularly beneficial to continue monitoring those parameters that might 
attribute to low dissolved oxygen levels (temperature, nutrients, and BOD). Although dissolved oxygen 
levels can often times be interpolated from temperature data (lowest during the day when 
temperatures are highest), night dissolved oxygen levels might be a concern for Woodin Creek 
because of occasional high levels of nutrients in the stream.  High nutrient levels might increase the 
use of oxygen used by algae and bacteria during the night.   The addition of occasional night sampling 
of dissolved oxygen levels could help determine the extreme lows of dissolved oxygen within the 
within the system.  The lowest levels of dissolved oxygen commonly occur just before dawn in late 
summer.

The scope of the study did not include a statistical assessment of the City’s water quality data.  Further 
analysis of the data could show relationships to help pinpoint potential problems.  For example, a 
leaking sanitary sewer might be indicated by a correlation between nutrients (nitrite and nitrate) and 
fecal levels.  A high correlation between nutrients and metals could indicate that runoff from parking 
lots or roads are a concern. 

Low levels of pH have been known to affect spawning success for some salmonid species.  If 
continued monitoring indicates that pH levels continue to be low (6.5 or less), as observed in 2003, 
additional examination of the data could be warranted to determine if the condition were natural or a 
result of a specific source.  Natural sources of low pH may be runoff from decomposing forest litter or 
discharge from some types of wetlands.  In addition, basin soils may have low buffering capacity.  If 
additional analysis of the data does not identify a situation that can be explained by a natural 
condition, the current sampling program could be extended to include additional stations or monitoring 
at outfalls to determine if there is a specific man-made source of the low pH values. 

Water quality monitoring provides a quick assessment of potential acute issues with a stream’s water.  
An alternative to extensive water quality monitoring could be to incorporate an evaluation of benthic 
macroinvertebrate into the sampling program.  The addition of benthic monitoring would help identify if 
there were chronic water quality problems within a stream that might be missed by traditional event 
sampling. 
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Projects for Consideration
Temperature (and indirectly dissolved oxygen) has been identified as a potential limiting factor in 
Woodin Creek.  Forested riparian areas with closed canopies provide shade to the stream that limit the 
potential increase in temperature as a result of direct sunlight. In natural systems, a dense, 
multilayered, riparian forest may create a cool, high humidity microclimate around the stream that 
reduces evaporation and might have an actual cool effect on the stream.  The establishment of these 
conditions is likely to require significantly more riparian forest than is possible in Woodin Creek given 
the high levels of development and limited riparian corridor adjacent to the stream. 

Although the establishment of a natural, functioning riparian forest adjacent to Woodin Creek is 
unlikely due to constraints of the landscape, riparian enhancement is a viable opportunity in the basin.   
Riparian plantings would benefit many habitats within Reach 1 and lower portions of Reaches 4 and 5.  
Even areas that are presently forested could be under-planted to help establish as much of a multi-
layered forest canopy as possible. 

Areas that would specifically benefit from riparian enhancement to provide shade include the reach 
from station 29+57 to station 32+52 adjacent to Molbaks (Photo 5) and areas within Woodin Creek 
Park between stations 4+03 and 7+79.  In both these areas stream bank vegetation is primarily non-
native invasive species (blackberry) and/or immature deciduous forest.  Opportunities for shading 
could also be considered in lower portions of Reaches 4 and 5 adjacent to the existing stormwater 
facilities and in Reach 1 between station 9+25 and 23+15 where the stream parallels the roadway and 
there are many south-facing exposures and open canopies (Photo 6). 

HABITAT ELEMENTS AND CHANNEL CONDITION AND DYNAMICS 

These parameters can be discussed separately, however habitat elements and channel condition and 
dynamics within Woodin Creek appear to be closely related so they are described here as a single 
topic.

Summary of Findings 

Woodin Creek is limited in relation to the following habitat elements:  Substrate, Large Woody Debris, 
Pool Frequency, Pool Quality, Off-Channel Rearing Habitat, and Refugia.  Small gravel was the 
dominant substrate type in Reaches 1, 3, and 4.  The only reach where cobble or large gravel were a 
significant component of the substrate was in Reach 5.   Substrates in Reach 1 where fish are present 
were small gravel or finer (sand, silt, or organic materials).  No naturally occurring large woody debris 
was observed in Reach 1.  The large woody debris that was observed was associated with 
constructed log weirs or root wads installed and secured to the streambed and/or bank with cables.  
Pool frequency within Reach 1 was approximately a third of that which NOAA Fisheries (1996) and 
USFWS (1998) identify as “properly functioning.” Pool quantity was generally low or moderate.  There 

Photo 5: Dense blackberry in riparian corridor. Photo 6: Open riparian areas in Reach 1. 
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were few deep pools (over 3 feet deep) and dense woody cover was generally lacking in association 
with pools.     

Riparian habitat widths in Reach 1 were commonly 100 feet or less and few habitats were adjacent to 
riparian areas that had a mature forest component.  The narrow riparian area constrained by roads 
and development limits the abundance of off-channel rearing opportunities and significant areas for 
refugia.   The few off-channel wetlands or side channels that are present have largely been impacted 
by conversion to landscape amenities (ponds)(Photos 7 and 8).

Discussion 

Bank erosion, scour, and sedimentation are natural and necessary process in streams.  These 
processes provide a continuous supply of spawning gravel and create habitat diversity, particularly 
when combined with the presence of large woody debris.  However, when these processes are 
unbalanced the opposite can occur:  spawning substrate and habitat diversity are degraded or lost 
entirely.  The latter appears to be the current situation in Woodin Creek.  The data collected during the 
study documents that most of Woodin Creek, and the entirety of fish accessible reaches, are 
dominated by deposits of small gravels or finer particles.  Sand is largely a dominant substrate type in 
lower habitats of Reach 1 downstream of 131st  Avenue NE to the extent that sand appears to have 
filled in most pools between stations 0+18 and 7+79 resulting in monotypic glide habitat. 

The study did not identify one specific cause for these substrate conditions (such as a landslide, 
massive bank failure, or a man-made source).  As a result, the data and observations point to a series 
of factors that may be contributing to excessive sedimentation in the lower reach of stream.   The first 
factor is the geography of the basin with steep upper reaches draining valley slopes and a flat lower 
reach that flows through a remnant floodplain.  The second factor is the erosive soil type along the 
valley slopes.  The third factor is the extensive alteration of Reaches 2a and 2b and the creation of 
high levels of impervious surface within the basin.  The fourth factor is that the reconstructed stream 
channel of Reach 1 relocated by the construction of NE 171st Street did not appear to be sufficient to 
accommodate the current sediment load.  And the fifth factor is the high flow bypass with its inlet 
upstream of 131st Avenue NE at approximately station 9+25. 

The most exacerbating factor appears to be the historic modification of Reaches 2a and 2b and the 
high level of impervious surface within the basin.  Much of the development surrounding Woodin 
Creek and the piping of surface flows through Reaches 2a and 2b occurs at a location in the 
landscape where an active alluvial fan would normally occur.  Sediments that would typically be 
deposited in the alluvial fan appear to be collected in man-made sediment traps or transported 
downstream into the lower, flatter Reach 1.  The sediment traps appear to keep most of the larger 
gravels and cobble from migrating down the basin, but they do not appear to retain all the small gravel 
and sand.  As a result of an artificially narrow and constrained stream channel and increased flow 
velocities and discharge from impervious surface, these finer materials appear to be carried 
downstream where they appear to settle out as flow velocities diminish.  This appears to be 
particularly significant downstream of the high flow bypass at NE 171st Street.  The deposition of 

Photo 7: Pond near station 3+30. Photo 8: Pond near station 23+15. 
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sediments decreases the conveyance capacity within the artificially narrow stream channel, resulting 
in flooding and degradation of in-stream habitats. 

Similar factors appear to affect large woody debris within the basin.  In natural streams of a similar 
configuration, upslope forests provide a source of debris for reaches lower in the basin.  Large woody 
debris recruitment potential is limited from Reach 1 as a result of past development and the piping in 
Reaches 2a and 2b combined with other channel constrictions like culverts.   Both the high sediment 
load and the lack of woody debris appear to be reflected in the quality of pools.  A preponderance of 
the pools studied within Reach 1 appear to be a result of habitat enhancement features installed within 
the stream.  Where installed habitat features are absent, the stream was primarily glide or low gradient 
riffle habitat.  While the installation of these features appears to have increased level of habitat 
diversity, it does not appear to be a self-sustaining condition.  Several of the log weirs appear to be 
failing and the liner used to construct the weirs was exposed in many areas. 

Recommendations 

Study and Monitoring
The current habitat conditions relative to substrate, large woody debris presence and recruitment, and 
pool frequency are largely a result of the level of historic modifications of both the channel of Woodin 
Creek and wider scale development within the basin.   

These problems will not be easily solved; however, there does appear to be significant opportunities 
within the basin to correct or significantly improve these conditions.  These opportunities include:  The 
relatively undeveloped nature of the area south of NE 171st Street compared to areas north of the road 
within the City, the potential high cost and liability of managing flooding within the basin under the 
status quo, and the extent of planned redevelopment within the basin.  

The most appropriate recommendation for additional study for this basin would be an assessment of 
the feasibility of reconstructing all or parts of Reaches 1, 2a, and 2b for the purpose of creating new 
stream habitats, improving sediment transport, addressing fish passage issues, and correcting or 
improving the condition of limited riparian corridor width.  This study could include a wide range of 
alternatives ranging from an evaluation of the status quo to the full reconstruction of the stream 
channel downstream of Reach 3.  Additional alternatives should also be evaluated to guide potential 
redevelopment in the event that the larger-scale solution is not feasible. 

Projects for Consideration
The purpose of the level of study recommended in the previous section is to identify potential long-
term solutions for known problems within the Woodin Creek basin.  There are, however, several 
interim measures that should be considered that would build on past stream restoration actions or 
leverage existing features within the present land use setting of the basin to provide for more 
opportunities for off-channel rearing habitat and refugia.  A measure for consideration would be to 
continue sediment removal from existing sediment ponds in Reaches 1, 4 and 5.  In addition, a 
sediment trap might be considered for Reach 3.  Although it would be more beneficial to return the 
system to balance related to sediment deposition and transport, the current condition of Reach 2 likely 
necessitates ongoing and future sediment management to retain balance in the system until longer-
term solutions can be implemented. 

 There are four areas that appear to be good opportunities for this type of targeted enhancement.  The 
first is the existing pond located at approximately station 3+30 in Reach 1. A similar off-channel pond 
occurs in Reach 1 at approximately station 15+25.  Both of these ponds are currently adjacent to the 
stream, but both occur above the elevation of the stream channel and neither appears to have a fish 
passable connection to the stream. The potential may exist to provide fish access to these ponds for 
additional rearing.  This should only be done with advanced planning and input from the Washington 
State Department of Fish and Wildlife who can provide technical expertise to accomplish this while 
minimizing potential negative effects from stranding or predation.  A third off-channel pond is located 
at approximately station 23+15.  This pond is currently accessible to fish but lacks significant cover to 
provide quality refugia or off channel rearing potential.  Plantings of native vegetation and/or in water 
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enhancement thought the addition of woody debris might increase the functionality of this feature.  The 
forth opportunity area is the segment of Woodin Creek within Woodin Creek Park.  The proximity to 
the Sammamish River and quantity of available open space north and west of the stream channel 
between stations 3+30 and 7+79 make this an attractive area to create additional off-channel habitat 
refugia in addition to, or in conjunction with, opportunities related to the pond on the east side of the 
stream at station 3+30. 

WILDLIFE HABITAT 

Management of upland wildlife habitat is not a specifically mandated element for inclusion within a 
basin habitat assessment; however, the City desired to include an inventory of wildlife habitat and 
wildlife usage within the basin as part of this assessment to better understand the broad range of 
habitat conditions associated with Woodin Creek. 

Summary of Findings 

Seven habitat types occur in the study area.  These include in order of abundance:  High Density 
Commercial and Residential; Medium Density Residential; Upland Forest; Riparian-Wetlands; Upland 
Grassland; Herbaceous Wetland; and Open Water Pond.  In addition, Agricultural areas occur in King 
County just south of the study area. 

Songbirds were the most abundant wildlife identified by the study both in numbers of individuals and 
numbers of species. The most abundant species of birds were those generally adapted to habitats 
located within urban environments.  The study attempted to identify species that might not be 
commonly observed by residents, as a result night surveys were conducted and identified the 
presence of significant numbers of bats and one group of western screech owls.  Bats and owls were 
observed in the forested areas of the watershed, generally adjacent to Reaches 3, 4, and 5.  Other 
wildlife observations recorded during the habitat surveys included waterfowl (mallard), pileated 
woodpecker excavations, eastern gray squirrel, Pacific chorus frog, mole tunnels, and Virginia 
opossum. 

Discussion 

It is interesting to note that bats and owls were only detected at the stations that were located near 
medium to large conifer trees.  Structure for bat roosting could be limited to where conifer trees are 
present.  Peeling bark and fissures provide potential roost sites for bats.  Smaller deciduous trees 
usually lack peeling bark and fissures that characterize medium to large conifer trees. Songbirds were 
common throughout the basin.  It should be noted that nocturnal mammals and amphibians may be 
under represented by the study methods.  It is likely that additional species of amphibians and 
mammals occur within the Woodin Creek basin.  

Recommendations 

Study and Monitoring
If wildlife habitat management is determined to be a priority, additional studies could be conducted that 
target both amphibians and nocturnal mammals.  Studies that target these animals would provide a 
more complete data set relative to which animals live in the Woodin Creek basin.   Such studies could 
also include the location and mapping of specific, high valued wildlife habitat such as snags or stands 
of mature conifers. 

Projects for Consideration
The area of Woodin Creek Park actively maintained as lawn could be reduced to provide additional 
upland habitat for wildlife adjacent to Reach 1.  Enforcement and/or education related to maintaining 
native growth protection areas adjacent to Reaches 4 and 5 could be considered.  There were 
observations of yard waste and litter being disposed of in these areas.  In addition, control and 
removal of invasive/non-native/obnoxious riparian species along the stream, and planting of riparian 
native species, as described in the Stream Habitat Elements section, would also benefit wildlife.  
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