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Contents of the 2007 State of the Waters Report
Volume I of the State of the Waters report focuses on Seattle watercourses. Volumes II and III discuss
the small lakes within the city, and the larger aquatic systems including large lakes, estuaries, and
marine systems.
7KLV¿UVWYROXPHFRQWDLQVWKHIROORZLQJPDMRUGLYLVLRQV

 Part 1, Introduction, explains the purposes of developing the State of the Waters report and the
importance of understanding both historical conditions and present conditions in Seattle’s water
bodies, and the underlying causes of changes that have occurred.

 Part 2, A Brief Primer on Stream Ecosystems, describes how hydrology, water quality, and physical
stream conditions work together to shape stream habitat and the plant and animal communities that
use it.

 Part 3, Assessing the State of the Waters, describes the methods used to evaluate conditions in
Seattle watercourses for the purposes of this report.

 Part 4, Conditions in Seattle Watercourses, describes the water quality and physical habitat conditions
in Seattle watercourses, along with the results of analyses to assess low-quality and high-quality
habitat areas. The discussions of existing information on water quality are less extensive than the
riparian and instream habitat components of this report.



Part 5, Seattle Watercourse Summary and Conclusions, summarizes and compares current
conditions throughout the city. Part 5 also provides conclusions about the overall state of Seattle
watercourses.

A map folio accompanying this report presents watershed maps, and appendices provide additional
technical detail about the methods and results of the analyses of aquatic conditions.

Mouth of Piper’s Creek at Puget Sound (photo by Bennett)
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Executive Summary
Seattle’s extensive urban development over the past 150 years has drastically altered the city’s watersheds.
Previously forested areas and wetlands have largely been converted to residential, industrial, and
commercial land uses, with some limited areas of open space. In the course of development, Seattle’s
watersheds have been covered by buildings, roads, parking lots, parks, and sidewalks. While urban
development has created a livable environment for humans, it has brought a decline in the health of
city watersheds, the water bodies that drain them, and their non-human inhabitants. By impairing the
ecological health of aquatic areas, increasing urbanization continues to degrade the water resources
SHRSOHGHSHQGXSRQIRUKXPDQKHDOWKUHFUHDWLRQDQGDHVWKHWLFEHQH¿WV
This State of the Waters report describes the current conditions of Seattle’s water bodies. Volume I
SURYLGHVDVQDSVKRWRIRYHUDOOZDWHUVKHGKHDOWKZLWKLQWKH¿YHPDMRUZDWHUFRXUVHVLQ6HDWWOH

 Fauntleroy Creek
 Longfellow Creek
 Piper’s Creek
 Taylor Creek
 Thornton Creek.
For clarity, the City of Seattle has adopted the word watercourse to refer to the network of pipes, ditches,
culverts, and open stream areas that deliver surface water from watersheds to receiving water bodies.
This report evaluates conditions in the stream portions (open channels with banks and a streambed) of
watercourses in particular.
This report focuses on stream hydrology, water quality, physical habitat, and biological communities, which
LQGLFDWHWKHDELOLW\RI6HDWWOHZDWHUVKHGVWRSHUIRUPFULWLFDOIXQFWLRQVDQGVHUYLFHVVXFKDV¿OWHULQJZDWHU
PRGHUDWLQJÀRRGVDQGFDSWXULQJVHGLPHQW7KHSXUSRVHRIWKLVUHSRUWLVWRFRQGHQVHDQGRUJDQL]HH[LVWLQJ
watercourse information to make it readily accessible to City of Seattle staff and interested citizens.
Identifying current conditions is a critical step for preserving and improving ecological conditions
within Seattle. Accurate knowledge of existing conditions helps to inform decisions about where current
improvement efforts should be continued and where efforts need to be refocused as new problems come
to light. It is hoped that the Seattle State of the Waters report will help us all be aware of the role we
play in protecting the health of our water bodies, and that awareness will lead to improved conditions
IRU¿VKZLOGOLIHSHRSOHDQGWKHOHJDF\ZHOHDYHIRUIXWXUHJHQHUDWLRQV
Volume I includes a detailed compilation of habitat and water quality data collected over the past several
years. The methods used to collect and evaluate this information are described in Part 3 of this volume.
The information collected and its implications are summarized in the individual watercourse sections
presented in Part 4. The habitat and water quality information is presented in a variety of formats,
including narrative descriptions, and charts and data tables. Summary graphics including watershed
graphics and associated maps are included in the map folio accompanying this report. Additional
technical information about the methods and results of the analyses of aquatic conditions is included in
a series of appendices.
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Key Findings
 Both riparian habitat and instream habitat conditions in Seattle’s urban watercourses range from
relatively good (for an urban area) to poor. There appears to be a high level of correlation between
the land use adjacent to a stream section and the quality of its riparian and instream habitat. Stream
bank armoring and encroachment into riparian areas by roads and buildings are correlated with
degraded habitat conditions on all watercourses, and particularly along Thornton Creek.

0LJUDWRU\¿VKFDQXVHRQO\DERXWRQHWKLUGRIWKHSRWHQWLDOKDELWDWLQ6HDWWOHZDWHUFRXUVHVGXHWR
SDVVDJHEDUULHUV7KHVHEDUULHUVSUHYHQW¿VKIURPUHDFKLQJVRPHRIWKHKLJKHVWTXDOLW\KDELWDW
particularly on Longfellow Creek and Taylor Creek.

 3K\VLFDO KDELWDW VWUHDP ÀRZ SDWWHUQV DQG ZDWHU FKHPLVWU\ FROOHFWLYHO\ DSSHDU WR EH KDYLQJ
DGYHUVHLQÀXHQFHVRQWKHDTXDWLFLQYHUWHEUDWHVSHFLHVLQKDELWLQJ6HDWWOHZDWHUFRXUVHV7KHUHVXOWV
of Seattle Public Utilities (SPU) monitoring show that in most stream reaches the aquatic
invertebrate communities are in poor condition compared with other Puget Sound streams. The best
habitat conditions appear to be capable of only supporting fair aquatic invertebrate communities.

)ORZVLQ6HDWWOHZDWHUFRXUVHVDSSHDUWREHÀDVK\ZLWKVXGGHQKLJKSHDNÀRZVDOWKRXJKDGGLWLRQDO
ÀRZGDWDDUHQHHGHGWRSURYLGHDPRUHDFFXUDWHSLFWXUHRYHUWLPH+LJKSHDNÀRZVDUHPDMRUFDXVHV
of poor instream habitat, and the adverse impacts are compounded by buildings and armoring
along stream banks.

 The available water quality information for Seattle watercourses indicates that many of the chemical
parameters generally meet Washington state water quality criteria for the protection of aquatic life
in Seattle watercourses. However, at least some of the time, the watercourses that have been tested
do not meet state criteria for fecal coliform bacteria, dissolved oxygen, and temperature. Fecal
coliform bacteria levels in particular are high and frequently exceed state water quality criteria.
Microbial source tracing indicates the main sources are pet and wildlife wastes.

 Metals concentrations in the urban watercourses generally meet state water quality criteria, based
on limited sampling conducted mostly during non-storm conditions.

 $FFXUDWHO\ FKDUDFWHUL]LQJ 6HDWWOH ZDWHUFRXUVH FRQGLWLRQV LV GLI¿FXOW GXH WR WKH OLPLWHG GDWD
DYDLODEOHSDUWLFXODUO\IRUZDWHUTXDOLW\DQGÀRZ,PSOHPHQWLQJDPRQLWRULQJSURJUDPWRWUDFN
VWDWXV DQG WUHQGV IRU ÀRZ ZDWHU TXDOLW\ DQG KDELWDW LQFOXGLQJ VWRUP DQG QRQVWRUP HYHQW
sampling, is important for understanding watercourses, the condition of their watersheds, and the
results of Seattle’s collective efforts to improve conditions.

3DUWRIWKLVUHSRUWSURYLGHVDFRPSDUDWLYHVXPPDU\RIUHODWLYHFRQGLWLRQVLQ6HDWWOH¶V¿YHPDMRU
watercourses (see also Figure 34 in Part 5). Conditions are categorized as good, moderate, or
poor based on primary indicators, which are discussed in more detail throughout the report.
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Factors Affecting Seattle Watercourses
Watercourse conditions are shaped by their upland watersheds, as well as by conditions immediately
surrounding their margins. Watershed characteristics such as topography, geology, soils, rainfall
SDWWHUQVDQGYHJHWDWLRQLQÀXHQFHKRZZDWHUVHGLPHQWZRRGDQGQXWULHQWVDUHPRYHGIURPODQGWR
streams or other watercourses. The hydrology and water quality of a watercourse depend heavily upon
watershed conditions.
A watercourse is also affected by local features, such as the riparian corridor, which serves as the
interface between the upland, terrestrial system and the aquatic environment in the watercourse. The
watercourse shapes and maintains habitat using materials supplied by the watershed and the riparian
zone, and provides a home for aquatic animals.

Piper’s Creek (photo by Bennett)

+XPDQ LQÀXHQFHV RQ ZDWHUFRXUVHV
and their watersheds affect the
interplay among watershed, riparian
habitat, and watercourse conditions,
resulting in changes in stream
habitat and stream communities.
Seattle’s watershed and watercourse
conditions, and their likely impacts
on the overall health of watercourses
within the city, are summarized
below.

Watershed-Scale Conditions

Hydrology
The conversion of forested watershed areas within Seattle to developed areas with impervious surfaces
has changed the processes by which upland areas deliver water to their watercourses. These impervious
surfaces—roads, buildings, and parking lots—cover more than 60 percent of the land in some Seattle
watersheds.
$OO 6HDWWOH ZDWHUFRXUVHV H[SHULHQFH KLJKYROXPH UDSLG SHDN ÀRZV LH ÀDVKLQHVV  DV VWRUPZDWHU
rapidly drains from impervious surfaces and enters constructed drainage systems for fast delivery to
ZDWHUFRXUVHVDQGRWKHUZDWHUERGLHV:KLOHWKH6HDWWOH3XEOLF8WLOLWLHVUHFRUGRIÀRZGDWDLVOLPLWHG²
it covers less than the past ten years and includes only a few locations—it illustrates dramatic changes
LQVWUHDPÀRZVFRPSDUHGWRH[SHFWHGQDWXUDOFRQGLWLRQVLQWKHZDWHUVKHG,QWKH¿YHPDMRU6HDWWOH
ZDWHUFRXUVHVFRPSXWHUPRGHOLQJLQGLFDWHVWKDWÀRZUDWHVDQGYROXPHVIURPDFRPPRQVWRUPHYHQW
GH¿QHGDVDUDLQIDOOHYHQWWKDWRFFXUVRQDYHUDJHHYHU\\HDUV KDYHLQFUHDVHGDSSUR[LPDWHO\IRXURU
¿YHWLPHVRYHUÀRZVH[SHFWHGXQGHUIRUHVWHGZDWHUVKHGFRQGLWLRQV
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+LJKYROXPHUDSLGSHDNÀRZV LHÀDVK\ÀRZV GDPDJHVWUHDPKDELWDWDQGWKDWGDPDJHLVDJJUDYDWHG
E\ VWUHDP EDQN DUPRULQJ DQG SURWHFWLRQ WKDW UHVWULFWV D VWUHDP IURP XVLQJ LWV ÀRRGSODLQ 7KH KLJK
ÀRZVWULJJHUHURVLRQRIXQDUPRUHGVWUHDPEDQNVZKLFKLQWURGXFHV¿QHVHGLPHQWLQWRWKHZDWHUFRXUVH
:LWKRXWDÀRRGSODLQWKHUHLVQRUHOHDVHYDOYHIRUVWUHDPVXQGHUVLHJHIURPKLJKÀRZVDQGDVDUHVXOW
WKH ÀRZV GLJ LQWR WKH VWUHDPEHG DQG HURGH WKH JUDYHOV DQG FREEOHV QHHGHG IRU ¿VK VSDZQLQJ DQG
LQVHFWSURGXFWLRQ7KLVFKDQJHLQVWUHDPÀRZVUHVXOWLQJIURPXUEDQGHYHORSPHQWLQWKHZDWHUVKHGLVD
PDMRUFDXVHRIGHJUDGHGDQGVLPSOL¿HGVWUHDPKDELWDWLQ6HDWWOH

Water Quality
King County has monitored water quality in three of Seattle’s major watercourses: Longfellow Creek,
Piper’s Creek, and Thornton Creek. Long-term records (covering ten years or more) are generally
available for most conventional water quality parameters (i.e., temperature, dissolved oxygen, total
suspended solids, turbidity, pH, and fecal coliform bacteria), but information on toxic pollutants such
as metals and organic chemicals is fairly limited. The Washington Department of Ecology has also
recently begun routine monitoring in Fauntleroy Creek. However, no data are available for other urban
watercourses in Seattle (e.g., Taylor Creek and other small watercourses).
The available information indicates that Fauntleroy, Longfellow, Piper’s, and Thornton creeks
generally meet Washington state water quality criteria for ammonia, suspended solids, turbidity, and
metals. However, temperature, dissolved oxygen, fecal coliform bacteria, and nutrients (i.e., phosphorus
and nitrogen) can be problematic.
Fecal coliform bacteria levels are high and frequently exceed the state water quality standard in all
four of the urban watercourses that have been tested (Thornton, Piper’s, Longfellow, and Fauntleroy).
%DFWHULD OHYHOV LQ 6HDWWOH ZDWHUFRXUVHV DUH W\SLFDOO\ KLJKHU XQGHU VWRUP ÀRZ FRQGLWLRQV WKDQ XQGHU
QRQVWRUPÀRZ FRQGLWLRQVUHÀHFWLQJFRQWULEXWLRQV IURP XUEDQ VWRUPZDWHU UXQRII DQG WKH HIIHFWV RI
nonpoint source pollution. Microbial source tracing conducted in Thornton Creek and Piper’s Creek
shows that pets and urban wildlife (e.g., rodents and waterfowl) are the largest sources of fecal coliform
bacteria. Human sources (e.g., leaking sanitary sewer systems) appear to be minor contributors to high
fecal coliform levels.
:DWHUWHPSHUDWXUHLVDFULWLFDOZDWHUTXDOLW\YDULDEOHLQÀXHQFLQJ¿VKPHWDEROLVPDVZHOODVGLVVROYHG
oxygen concentrations. Dissolved oxygen concentrations and water temperature exhibit distinct seasonal
patterns. For example, temperatures are generally higher in the summer and lower in the winter, while
dissolved oxygen levels decrease in summer months and rise in the winter. During the summer, the
ODFN RI ULSDULDQ YHJHWDWLYH FRYHU DQG OLPLWHG EDVH ÀRZ OLNHO\ DFFRXQW IRU KLJKHU WHPSHUDWXUHV DQG
lower dissolved oxygen concentrations, particularly in Longfellow Creek and Thornton Creek, which
frequently fail to meet state water quality criteria for temperature and dissolved oxygen during the
summer months. In comparison, Piper’s Creek and Fauntleroy Creek, which pass through steep forested
ravines with tree canopies that are largely protected from development, do not experience temperature
and dissolved oxygen problems.
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No state water quality criteria have been established for nutrients. However, total nitrogen and total
phosphorus concentrations in Longfellow Creek, Piper’s Creek, and Thornton Creek frequently
exceed established U.S. Environmental Protection Agency criteria. Exceedances in Longfellow Creek
DQG 3LSHU¶V &UHHN JHQHUDOO\ RFFXU PRUH IUHTXHQWO\ GXULQJ VWRUP ÀRZ FRQGLWLRQV  7KRUQWRQ &UHHN
H[SHULHQFHVRFFDVLRQDOH[FHHGDQFHVRIWKHQXWULHQWEHQFKPDUNVXQGHUQRQVWRUPÀRZFRQGLWLRQVQR
GDWDDUHDYDLODEOHIRUVWRUPÀRZFRQGLWLRQV
Data on metals and organic pollutants are very limited and have been collected primarily under non-storm
ÀRZFRQGLWLRQV7KHDYDLODEOHGDWDLQGLFDWHWKDWPHWDOVFRQFHQWUDWLRQVLQ6HDWWOHXUEDQZDWHUFRXUVHV
generally meet state water quality criteria. Similar to fecal coliform bacteria patterns, most metals
FRQFHQWUDWLRQVDUHKLJKHULQVWRUPÀRZVDPSOHVWKDQLQQRQVWRUPÀRZVDPSOHVGXHWRFRQWULEXWLRQV
from urban stormwater runoff. An exception is zinc, which exhibits comparable concentrations in
storm and non-storm samples.
Pollutants in watercourses have larger direct effects on the plants and animals than on physical stream
conditions. Pollutants can trigger growth in bacteria or algae, or injure or kill plants and animals.
For example, too much of a nutrient such as phosphorus can cause algal blooms, which can reduce
dissolved oxygen levels and affect the lower levels of the food web, with spiraling consequences to
all species in the web. Heavy metals, on the other hand, can injure aquatic life when present in lower
concentrations, or can cause death at higher concentrations. Metals can also be ingested or absorbed
by animals at the base of the food web and accumulate in larger animals higher in the food web. Water
pollution ultimately results in a less diverse aquatic community and could affect human health.

Stream-Scale Conditions

Riparian Habitat

Riparian corridor along Piper’s Creek (photo by Bennett)

xviii

Riparian conditions along Seattle’s major
ZDWHUFRXUVHV DUH KHDYLO\ LQÀXHQFHG
by land use. Almost all high-quality
riparian areas within the city are found
within park areas, where deciduous and
coniferous trees provide stream canopy,
and where native plants help to stabilize
stream banks. These riparian areas are
often wide, extending more than 200
feet from the stream. The riparian zones
along Piper’s Creek and Taylor Creek are
dominated by high-quality habitat (along
65 percent or more of these watercourses)
located almost exclusively within city
parks. However, these riparian areas face
challenges from invasive plant species like
English ivy and Himalayan blackberry.
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Low-quality riparian areas are dominated by grass, invasive plants, and the absence of trees to provide
shade and bank stability. These low-quality riparian areas are found near residential and commercial
land uses where invasive plants are either allowed to take over or where land owners replace native
plants with ornamental species. For example, Thornton Creek, which has the highest percentage of its
watershed in residential and transportation uses, also has less than 10 percent of its riparian area in good
condition. Low-quality riparian areas, which are more susceptible to stream bank erosion (where banks
are not armored), allow sunlight to heat the stream, and disrupt the connections between riparian and
instream processes and habitats.

Instream Habitat
Instream habitat quality varies widely among Seattle watercourses and within individual watercourses.
,QJHQHUDOKDELWDWTXDOLW\LVFKDOOHQJHGE\KLJKYROXPHUDSLGSHDNÀRZV ÀDVK\ÀRZV WKHODFNRI
ÀRRGSODLQFRQQHFWLRQVWRUHOLHYHKDELWDWGDPDJHFDXVHGE\KLJKÀRZVDQGDVFDUFLW\RIODUJHLQVWUHDP
wood to create diverse habitat and scour pools. These factors lead to simple, uniform stream conditions,
where gravel and cobble sediments that support instream biota are scarce and pools are sparse.
Immediately adjacent land uses appear to have substantial effects on instream and riparian conditions.
High-quality instream habitat typically is found in open spaces, such as in Carkeek Park in the Piper’s
Creek watershed, and in Lakeridge Park in the Taylor Creek watershed. Most park areas have limited
bank armoring, and buildings and roads are located at a distance from open stream channels, promoting
stream and riparian processes that maintain habitat. However, even areas with higher-quality habitat
tend to lack the number and quality of pools and woody debris that would be expected in less intensively
used watersheds.
Lower-quality instream habitats
suffer from bank armoring,
nearby
encroachment,
and
degraded riparian areas, which
often coincide with adjacent
residential and commercial land
uses. Both Longfellow Creek
and Thornton Creek, which
have development along most
of the length of the watercourse,
have large percentages of lowerquality habitat and rather small
percentages of high-quality
instream habitat.

Executive Summary
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Biological Communities
To help evaluate the biological health of Seattle
watercourses, Seattle Public Utilities routinely
H[DPLQHV VWUHDPGZHOOLQJ ¿VK DQG EHQWKLF
LQYHUWHEUDWHVZLWKLQWKH¿YHPDMRUZDWHUFRXUVHV
of Seattle.

Chinook salmon (photo courtesy Seattle Municipal
Archives)

7KH W\SHV RI ¿VK XVLQJ 6HDWWOH¶V PDMRU
watercourses vary by watercourse and receiving
water body (e.g., Puget Sound, Lake Washington,
RUWKH'XZDPLVK5LYHU &RPPRQ¿VKVSHFLHV
include cutthroat trout, salmon, stickleback,
VFXOSLQODPSUH\DQGQRQQDWLYHVVXFKDVVXQ¿VK
Fish within Seattle watercourses are limited by
passage barriers such as culverts and weirs.
Migratory salmon and trout can access about
one-third of the potential stream habitat in the
¿YH PDMRU V\VWHPV  6RPH RI WKH LQDFFHVVLEOH
habitat is of the highest quality, particularly in
Longfellow Creek and Taylor Creek.

6HDWWOH ZDWHUFRXUVHV DUH QRW LQ VXI¿FLHQWO\ JRRG FRQGLWLRQ WR VXSSRUW GLYHUVH RU DEXQGDQW ¿VK
communities. Many coho salmon die before they are able to spawn, a phenomenon known as coho
prespawn mortality. Average coho prespawn mortality rates have ranged annually between 39 and
79 percent, although rates can vary widely from year to year and from watercourse to watercourse.
$ VSHFL¿F VLQJOH FDXVH RI FRKR SUHVSDZQ PRUWDOLW\ KDV QRW \HW EHHQ GHWHUPLQHG LW LV SRVVLEOH WKDW
many factors, including water pollutants, work in combination to cause prespawn mortality. Habitat
conditions, such as the lack of pools and woody debris in streams, limit rearing opportunities for
MXYHQLOHVDOPRQDQGRWKHU¿VK
Because benthic invertebrates are sensitive to human disturbance, as well as being abundant, easy to
collect, and nonmigratory, they are used as an indicator of biological integrity in streams. The benthic
invertebrate communities of Seattle watercourses are typically dominated by species that can tolerate
degraded conditions, such as aquatic worms and midges, and have low diversity. Seattle Public Utilities
uses the benthic index of biotic integrity (B-IBI) to measure the health of a watercourse based on the
numbers and kinds of stream-dwelling insects present. A comparison of the benthic index results for
Seattle watercourses with other streams in the Puget Sound region shows that most Seattle watercourses
are in poor condition. Fauntleroy Creek, which is considered to be in only fair condition, received
WKHKLJKHVW EHVW VFRUHVDPRQJWKH¿YHPDMRUZDWHUFRXUVHV7KRUQWRQ&UHHNDQG/RQJIHOORZ&UHHN
received the lowest scores.

xx
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State of the Waters 2007
Part 1 Introduction
Understanding the State of Seattle Waters
The State of the Waters report, prepared by Seattle Public Utilities (SPU), describes the current
hydrologic, chemical, physical, and biological conditions in watercourses, lakes, and shorelines located
ZLWKLQWKHFLW\OLPLWVRI6HDWWOH7KHVHFRQGLWLRQVGH¿QHWKHRYHUDOOZDWHUVKHGKHDOWKDQGWKHDELOLW\RI
FLW\ZDWHUVKHGVWRSHUIRUPFULWLFDOIXQFWLRQVDQGVHUYLFHVVXFKDV¿OWHULQJZDWHUPRGHUDWLQJÀRRGV
and capturing sediment. Based on a number of research, monitoring, and assessment reports, this
LQIRUPDWLRQKDVEHHQFROOHFWLYHO\FRPSLOHGDQGRUJDQL]HGIRUWKH¿UVWWLPHWREHUHDGLO\DFFHVVLEOHWR
City of Seattle staff and interested citizens.
Interconnectedness between terrestrial and aquatic environments is among the most important
concepts for managing watercourses, lakes, estuaries, and marine environments. Evolving watershed
characteristics can lead to impacts in nearby and not-so-nearby areas, sometimes with unintended or
XQH[SHFWHGFRQVHTXHQFHV7KHXQSUHGLFWDELOLW\RILPSDFWVRQWKHVHFRQQHFWLRQVRIWHQFUHDWHVGLI¿FXOW
challenges in managing land, drainage, development, and other watershed uses without leading to
adverse effects on the ecosystem as a whole. Hence, there is a need to integrate management and
stewardship across a watershed at many levels of action—from pesticide use in residential landscaping
to stormwater management in large shopping malls. For water resources, this means looking at our
actions on land and understanding how those actions affect conditions in our streams, lakes, and Puget
Sound. Within Seattle, integrated watershed management is a delicate balance between desired human
land uses and equally desired ecological health.
The City of Seattle is committed to restoring, protecting, and enhancing its water bodies, and inspiring
citizens and businesses to do likewise. In 2004, Mayor Greg Nickels issued an executive order to create
DFLW\ZLGHSURJUDPWKDWZRXOGEDODQFHXUEDQJURZWKDQGGHYHORSPHQWZLWKWKHEHQH¿WVRIUHVWRULQJ
critical water resources. The Restore Our Waters initiative is a long-term effort to protect and restore
aquatic habitat, improve water quality, and manage stormwater drainage. Seattle’s investments under
this program are to be guided by clear goals that are based in science and tracked through time to
VKRZSURJUHVV7KLVUHSRUW6WDWHRIWKH:DWHUVLVDFULWLFDO¿UVWVWHSLQVHWWLQJWKHVHJRDOVE\
documenting the baseline conditions of Seattle’s surface water bodies.
In addition to documenting Seattle’s current, or baseline, conditions, this report serves as an important
foundation step for other city efforts and activities that will affect the health of Seattle watercourses in
the coming years. The assessment provided in this document was used to develop a companion report,
A Science Framework for Ecological Health in Seattle’s Streams (Seattle Public Utilities and Stillwater
6FLHQFHV ZKLFKRXWOLQHVZKDWKHDOWK\XUEDQZDWHUFRXUVHVFRXOGORRNOLNHLGHQWL¿HVSRWHQWLDO
SDWKZD\VIRULPSURYHPHQWDQGGH¿QHVDVWUXFWXUHIRUPHDVXULQJHFRORJLFDOKHDOWKEDVHGRQWKHEHVW
VFLHQWL¿FLQIRUPDWLRQDERXWXUEDQZDWHUFRXUVHV
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Downtown Seattle from across Lake Union (photo by Bennett)

The actions of the City of Seattle, citizens, and businesses, individually and collectively, have a large
LQÀXHQFHRYHUWKHVWDWHRIWKHZDWHUVLQDQGDURXQG6HDWWOH,WLVKRSHGWKDWWKH6WDWHRIWKH:DWHUV
report will enhance public awareness of the role we play in protecting the health of our water bodies,
SURYLGLQJDIRXQGDWLRQIRUGHWHUPLQLQJHIIHFWLYHDQGHI¿FLHQWDTXDWLFUHVWRUDWLRQLQYHVWPHQWVDQGIRU
integrated management of Seattle’s urban watersheds.

Overview of Seattle-Area Water Bodies
Seattle contains four types of aquatic ecosystems that differ in their physical characteristics, the habitat
they provide, and the species and human uses they support:

 Watercourses and streams
 Lakes
 Estuaries
 Marine waters.
Watercourses and Streams
Surface water in Seattle is transported to receiving water bodies by a complex system of pipes, ditches,
culverts, and open stream areas. For clarity, the City of Seattle has adopted the word “watercourse” to
refer to this network. “Watercourse” means the route, constructed or formed by humans or by natural
SURFHVVHVJHQHUDOO\FRQVLVWLQJRIDFKDQQHOZLWKEHGEDQNVRUVLGHVLQZKLFKVXUIDFHZDWHUVÀRZ
:DWHUFRXUVHVLQFOXGHVPDOOODNHVERJVVWUHDPVFUHHNVDQGLQWHUPLWWHQWDUWL¿FLDOFRPSRQHQWV LQFOXGLQJ
ditches and culverts) but do not include receiving waters (Seattle Municipal Code 22.801.240).
2

Part 1

Introduction

City of Seattle State of the Waters 2007

Volume I: Seattle Watercourses

This report focuses on those parts of watercourses that are not in culverts, in particular, on watercourse
segments where there is an open stream channel with natural habitat.
6SHFLHV WKDW OLYH LQ RU DORQJ VWUHDP HFRV\VWHPV DUH DGDSWHG WR FKDQJLQJ ZDWHU ÀRZV WKDW SURGXFH
KLJKO\YDULDEOHDQGG\QDPLFKDELWDWV7KH&LW\RI6HDWWOHFRQWDLQV¿YHPDMRUZDWHUFRXUVHVVKRZQLQ
Figure 1:

 Fauntleroy Creek
 Longfellow Creek
 Piper’s Creek
 Taylor Creek
 Thornton Creek.
7KHVH¿YHZDWHUFRXUVHVKDYH\HDUURXQGÀRZDQGVXSSRUWVDOPRQDQGWURXW7KHUHDUHDOVRQXPHURXV
VPDOOHUZDWHUFRXUVHVWKDWGRQRWVXSSRUWVDOPRQDQGPD\KDYHRQO\LQWHUPLWWHQWÀRZLQFOXGLQJ0DSHV
Creek, Puget Creek, Yesler Creek, Fairmount Creek, Madrona Creek, Frink Creek, Arboretum Creek,
Wolfe Creek, Blue Ridge Creek, Ravenna Creek, Schmitz Creek, Licton Springs, and 25 other small
watercourses.
Seattle watercourses are fed not only from surface water runoff and ground water but also from drainage
pipes that convey stormwater from impervious surfaces such as rooftops, roads, and parking lots. A
number of Seattle’s historical streams are no longer present today as open watercourses, since they
KDYHEHHQHOLPLQDWHGIURPWKHODQGVFDSHRUHQWLUHO\FRQ¿QHGLQFRQVWUXFWHGGUDLQDJHV\VWHPVGXULQJ
development of the city.

Lakes
/DNHVDUHIRUPHGLQWRSRJUDSKLFGHSUHVVLRQVWKDWUHWDLQIUHVKZDWHU/DNHVUHFHLYHLQÀRZIURPWKHLU
VXUURXQGLQJZDWHUVKHGVWKURXJKULYHUVZDWHUFRXUVHVRYHUODQGDQGVXEVXUIDFHÀRZDQG²LQGHYHORSHG
areas—from drainage pipes. Water typically exits a lake through a watercourse or river, although
WKHRXWÀRZVRIPRVWODNHVLQ6HDWWOHKDYHEHHQFKDQQHOHGLQWRFRQVWUXFWHGGUDLQDJHV\VWHPV/DNHV
can range in size from a few acres to many square miles. Plants and animals that depend on lake
environments inhabit shallow-water and deep-water areas and interact in a complex food web.
Seattle contains three small lakes: Haller Lake, Bitter Lake, and Green Lake (described in State of the
Waters Volume II). The city also contains two larger lakes, Lake Union and parts of Lake Washington.
Lake Washington is the second largest natural lake in Washington state.
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Figure 1. Major Seattle watercourses and regional water bodies.
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Estuaries
Estuaries are areas where freshwater and marine water mix, on the interface between an ocean and a
ZDWHUFRXUVHRUULYHU7KHVHHFRV\VWHPVDUHVKDSHGE\VDOWZDWHUWLGDOÀXFWXDWLRQVDQGIUHVKZDWHUÀRZV
Plants and animals that inhabit these environments must respond to rapidly changing salinity levels and
ÀRZFRQGLWLRQV(VWXDULHVDUHQXUVHU\DUHDVIRUPDQ\¿VKDQGELUGVSHFLHV
The Duwamish River estuary, which serves as the meeting point for Puget Sound and the Green/
Duwamish river system, lies within the City of Seattle. The city also contains the estuary of the Lake
Washington watershed at the Hiram M. Chittenden Locks (the Ballard Locks), which was created by
redirecting the lake outlet in the early 1900s. The Lake Washington estuary, created by manmade
changes, provides limited estuarine habitat.

Marine Ecosystems
Marine waters are areas of saline water, typically connected to or part of the ocean. Marine systems
DUH VKDSHG E\ WLGHV FXUUHQWV VHD ÀRRU VKDSH DQG VXQOLJKW  3ODQWV DQG DQLPDOV WKDW LQKDELW PDULQH
environments are adapted to high-salinity conditions, and their use of habitats can vary across water
GHSWKV0DQ\VSHFLHVDUHDGDSWHGWRSHULRGVRILQXQGDWLRQDQGH[SRVXUHZLWKÀXFWXDWLQJWLGHV
Seattle sits along 30 miles of Puget Sound marine shoreline. While Puget Sound is a saltwater body,
it is actually considered an estuary because of the numerous tributary rivers that dilute salinities in the
VRXQGWRORZHUOHYHOVWKDQW\SLFDOO\IRXQGLQWKH3DFL¿F2FHDQ+RZHYHUWKLVUHSRUWUHIHUVWR3XJHW
Sound as a marine ecosystem, to distinguish it from the smaller freshwater/saltwater interfaces of the
Duwamish River and the locks.
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State of the Waters 2007
Part 2 A Brief Primer on Stream Ecosystems
Stream ecosystems (in Seattle, those portions of watercourses that are not ditches, pipes, or culverts) are
shaped by a number of physical, chemical, and biological processes. These processes operate over short
and long time frames, as well as over small and large areas. Over the past millions of years, long-term
DQGODUJHVFDOHJODFLHUVHDUWKTXDNHVDQGYROFDQRHVLQWKH3DFL¿F1RUWKZHVWKDYHFUHDWHGWKHSK\VLFDO
landscape upon which all aquatic systems are based. These factors have shaped watershed characteristics
VXFK DV WRSRJUDSK\ JHRORJ\ DQG ORFDO FOLPDWH ZKLFK LQ WXUQ KDYH LQÀXHQFHG YHJHWDWLYH FRYHU DQG
watershed soils. Collectively, these features determine how water, sediment, wood, and nutrients are
moved from land to rivers and streams (Figure 2; Spence et al. 1996), with riparian corridors serving as
the interface between upland terrestrial systems and aquatic environments (Gregory et al. 1991).
Using water, sediment, wood, and nutrients
from the watershed, a stream is subject to
processes both within the stream and in the
surrounding riparian corridor that shape its
habitat (Naiman et al. 1995). For example,
the rate at which surface and subsurface water
UHDFKHVWKHVWUHDPGLFWDWHVWKHÀRZUHJLPHLQ
the stream. The contents of that source water
determine the quality of water in the stream.
The riparian zone also has many roles that
affect a stream, including the following:

Fauntleroy Creek (photo by Bennett)

 Supplying shade that moderates water temperatures
 Providing bank stability by means of plant roots
 Contributing organic litter and large woody debris from vegetation
0HGLDWLQJWKHÀRZRIQXWULHQWV
&RQWUROOLQJVHGLPHQWLQSXWVWRWKHVWUHDPE\WUDSSLQJVHGLPHQWDQG¿OWHULQJVXUIDFHUXQRII 6SHQFH
et al. 1996).
3URFHVVHV RFFXUULQJ LQ WKH VWUHDP DQG ULSDULDQ FRUULGRU LQWHUDFW ZLWK RQH DQRWKHU VKDSLQJ WKH ÀRZ
regime, water quality, riparian habitat, and instream habitat. These stream and riparian characteristics
FROOHFWLYHO\LQÀXHQFHWKHELRORJLFDOFRPPXQLWLHVIRXQGLQKDELWLQJVWUHDPHQYLURQPHQWVLQFOXGLQJ¿VK
wildlife, and benthic invertebrates. For these animals, all of the features of the stream are important.
Biological processes such as organic decay, respiration, and feeding also affect physical and chemical
processes and characteristics in the stream, such as water temperature and nutrient cycling.
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7KHZRUNLQJGH¿QLWLRQRIDQHFRORJLFDOO\KHDOWK\XUEDQVWUHDPLVDVWUHDPWKDWH[KLELWVWKHHFRORJLFDO
functions and features necessary to support diverse, native, self-sustaining aquatic and riparian
communities. This means that ecologically healthy urban streams have the habitat necessary to support
EHQWKLFLQYHUWHEUDWHVDQGQDWLYH¿VKLQFOXGLQJVDOPRQDQGWURXWGXULQJDOOOLIHVWDJHV
Stream conditions are subject to processes operating at different spatial scales and are also dynamic,
changing through time. In some cases, a stream can be altered by large disturbances such as forest
¿UHVDQGÀRRGVZKLFKFDXVHWKHVWUHDPWRUHVSRQGWRQHZLQWURGXFWLRQVRIVHGLPHQWH[FHVVZDWHU
or changes in the riparian forest. Streams can also be disturbed by local events such as landslides.
While disturbances such as these create problems for people, they can contribute to healthier aquatic
ecosystems because they create and maintain habitat at different places and different times in a stream
system, prompting a continuous renewal of habitat (Naiman et al. 1992).
+XPDQLQÀXHQFHVRQVWUHDPVDQGWKHLUZDWHUVKHGVDOVRFDQGUDPDWLFDOO\DOWHUWKHZD\VLQZKLFKVWUHDP
ecosystems behave (see Figure 2). People often change the land uses in the watershed. In the Puget
Sound lowland, watersheds were once mostly forested, with wetlands and bogs on upper plateaus.
Today, the urban watersheds are extensively covered in impervious surfaces like roads, buildings,
DQG SDYHG DUHDV WKDW SUHYHQW ZDWHU IURP LQ¿OWUDWLQJ WKH JURXQG  7KHVH DQG RWKHU W\SHV RI KXPDQ
induced land use changes cumulatively affect many chemical and physical processes that shape stream
environments.
Local changes, like constructing dams or installing stream bank armoring, can also affect stream
FRQGLWLRQV7KHVHORFDOFKDQJHVFDQLQÀXHQFHDOODUHDVGRZQVWUHDPRUEHFRPHHYHQPRUHSUREOHPDWLF
when they extend throughout much of a stream system (e.g., bank armoring).
Understanding how stream environments are shaped and maintained is rather complex. An informative
description of ecosystem processes and how they shape stream characteristics and biological
communities can be found in Spence et al. (1996). The following text highlights those processes and
VWUHDPIHDWXUHVWKDWDUHLPSRUWDQWWRXQGHUVWDQGLQJWKHFRQGLWLRQVVSHFL¿FWR6HDWWOH¶VXUEDQZDWHUFRXUVH
environment.
7KLV6WDWHRIWKH:DWHUVUHSRUWIRFXVHVRQ¿YHPDMRUIHDWXUHVRIZDWHUFRXUVHHQYLURQPHQWV

 Hydrology (important at the watershed scale)
 Water quality (important at the watershed scale)
 Riparian habitat (important at the stream scale)
 Instream habitat (important at the stream scale)
 Biological communities (important at the stream scale or smaller).
7KHIROORZLQJGLVFXVVLRQJHQHUDOO\GHVFULEHVXQGHYHORSHGFRQGLWLRQVIRUWKHVH¿YHPDMRUIHDWXUHVDV
ZHOODVWKHXUEDQLQÀXHQFHVRQWKHVHVWUHDPFRQGLWLRQV
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Figure 2. Conceptual model of a stream ecosystem functioning in an urban environment.
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Note that there are many connections between elements within and among the boxes shown here. Only large arrows between categories are shown, individual arrows have been omitted for simplicity. See Spence et al. (1996)
for a good discussion of physical, chemical and biological processes in stream systems.
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Important ecosystem principles to keep in mind when reading this report include the following:

 The importance of physical, chemical, and biological processes in maintaining healthy stream
environments

 The spatial and time scales at which human impacts occur and at which stream consequences occur
 The connections between all components of the stream ecosystem and its watershed.
Conditions at the Watershed Scale
The watershed scale refers to the overall watershed, that is, looking beyond the watercourse corridor
WR HYDOXDWH XSODQG DFWLYLWLHV DQG HQYLURQPHQWDO IHDWXUHV WKDW FDQ LQÀXHQFH FRQGLWLRQV IRXQG ZLWKLQ
WKHVWUHDPFKDQQHO7KLVVHFWLRQH[SODLQVKRZZDWHUVKHGFRQGLWLRQVFDQLQÀXHQFHVWUHDPK\GURORJ\
and stream water quality, and in turn, how characteristics at the watershed scale can be used to predict
conditions at the stream scale.
The next section then discusses how conditions along
or within the watercourse corridor—i.e., stream-scale
FRQGLWLRQV²FDQ DOVR LQÀXHQFH VWUHDP FKDQQHO FRQGLWLRQV
It is the combination of watershed-scale and stream-scale
conditions that ultimately determines the overall condition
of a given watercourse; hence these conditions are the focus
of typical watercourse assessment efforts.

“Watercourse” means the route,
constructed or formed by humans
or by natural processes, generally
consisting of a channel with bed,
banks, or sides, in which surface
ZDWHUVÀRZ

Stream Hydrology
Surface water hydrology generally refers to the relation between precipitation and stormwater runoff,
and in particular, the conveyance of stormwater runoff through natural or manmade systems to
downstream receiving water bodies (e.g., streams, watercourses, rivers, canals, lakes, ponds, wetlands,
and saltwater bodies). This includes evaluation of the physical processes that affect a droplet of water
from the moment it reaches the surface of the earth to the transport of that water over land (including
losses to ground water); through pipes, ditches, and streams; to large downstream water bodies.

Stream Hydrology Prior to Urban Development
Stream hydrology is determined by the shape, size, topography, geology, and vegetation of a stream’s
ZDWHUVKHG RU GUDLQDJH DUHD  :DWHUVKHG JHRORJ\ DIIHFWV   WKH LQ¿OWUDWLRQ RI SUHFLSLWDWLRQ DQG WKH
UHVXOWLQJLQÀXHQFHRQVWUHDPÀRZDQG WKHDPRXQWDQGW\SHRIHURVLRQZKLFKGHWHUPLQHVVWUHDP
channel shape and substrates.

10

Part 2

A Brief Primer on Stream Ecosystems

City of Seattle State of the Waters 2007

Volume I: Seattle Watercourses

5DLQIDOOLVWKHPDMRUIRUPRISUHFLSLWDWLRQLQ6HDWWOHZDWHUVKHGV5DLQIDOOHLWKHULQ¿OWUDWHVWKURXJKVRLOV
and becomes ground water, or is taken up into vegetation and released back to the atmosphere through
transpiration. Very little rainfall runs off the land surface in undeveloped areas. Surface water runoff
GXULQJVWRUPVPD\HOHYDWHVWUHDPÀRZVWHPSRUDULO\KRZHYHUWKRVHLQFUHDVHVDUHJUDGXDODQGÀRZ
UHGXFWLRQVIROORZLQJWKHVWRUPHYHQWDUHJUDGXDODVZHOO0RUHRYHUWKHÀRRGSODLQRIDVWUHDPDQGLWV
ULSDULDQFRUULGRUKHOSWRPRGHUDWHDQGFRQWDLQKLJKÀRZV
The majority of water in surface streams is supplied by
VXEVXUIDFH ÀRZ IURP JURXQG ZDWHU VHH )LJXUH  XSSHU
SDQHO   7KLV VXEVXUIDFH ÀRZ SURYLGHV D FRQVLVWHQW DQG
JUDGXDO LQÀRZ RI IUHVK FRRO ZDWHU WKURXJKRXW PRVW RI
the year. This region of the stream where ground water
and surface water mix is called the hyporheic zone. The
hyporheic zone is important for stream hydrology and
biological processes as well (Edwards 1998).

The hyporheic zone is a region
beneath and lateral to a streambed
where shallow ground water and
surface water mix and interact,
making the hyporheic zone an area of
JUHDWELRORJLFDODQGFKHPLFDODFWLYLW\

Urban Impacts on Stream
Hydrology
Urban development results in
widespread impacts on a watershed’s
hydrologic regime (see Figure 3, lower
panel; Arnold and Gibbons 1996;
Center for Watershed Protection 1996).
Replacing watershed vegetation with
impervious surfaces, roads, buildings,
and drainage networks leads to a
GHFUHDVH LQ VXEVXUIDFH ÀRZV DQG
a large increase in surface water
UXQRII%\OLPLWLQJZDWHULQ¿OWUDWLRQ
impervious surfaces reduce ground
water recharge, dry-season base
ÀRZVDQGK\SRUKHLFH[FKDQJH

Groundwater

Figure 3. Hydrologic cycle under natural conditions
and as altered by urban development.
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Reduced ground water and hyporheic
ÀRZ FDQ DOVR DOORZ VWUHDP ZDWHU
temperatures to increase during
warmer months. Surface runoff,
particularly in warmer months, can
be warmed by sun-heated pavement,
potentially increasing surface water
temperatures during storm events.
Surface runoff can further affect
the water quality of receiving water
bodies by carrying pollutants, such
as oils and metals from pavement, to
a watercourse.
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Runoff from impervious surfaces can reach watercourses
)ODVK\ÀRZPHDQVDKLJKUDWHDQG
rapidly and in great amounts, creating frequent high and
YROXPHRIÀRZW\SLFDOLQDGHYHORSHG
ÀDVK\ ÀRZV WKDW FDXVH SUREOHPV IRU LQVWUHDP KDELWDW
watershed with impervious surfaces
:KLOHKLJKÀRZVSOD\DODUJHUROHLQKDELWDWFUHDWLRQDQG
from which stormwater runoff drains all
PDLQWHQDQFHIUHTXHQWKLJKÀRZHYHQWVKDYHPRUHGDPDJLQJ
DWRQFH%\FRQWUDVWLQXQGHYHORSHG
ZDWHUVKHGVLQ¿OWUDWLRQDQGYHJHWDWLRQ
effects, especially when coupled with other anthropogenic
VORZUXQRIIDQGDWWHQXDWHSHDNÀRZV
factors like stream bank armoring and removal of riparian
YHJHWDWLRQ)UHTXHQWKLJKDQGÀDVK\ÀRZVSURPRWHFKDQQHO
incision, where the stream channel increases in depth and width. This channel incision lowers the elevation
RIWKHVWUHDPEHGDQGOHDGVWRFKDQQHOHQWUHQFKPHQWEHORZWKHVXUURXQGLQJODQG7KHIUHTXHQWKLJKÀRZV
also can increase rates of erosion and bank instability. Erosion and bank instability can become even more
SUREOHPDWLFZKHUHWKHULSDULDQYHJHWDWLRQLVLQVXI¿FLHQWWRVWDELOL]HVWUHDPEDQNV GLVFXVVHGIXUWKHUEHORZ 
+LJKVWUHDPÀRZVDOVRFDQVFRXUVDOPRQDQGWURXWUHGGV LHQHVWV IURPWKHVWUHDPEHG
+LJKDQGÀDVK\ÀRZVLQZDWHUFRXUVHVGRQRWRSHUDWHDORQHLQKRZWKH\LQÀXHQFHKDELWDW,QGHYHORSHG
DUHDV ZKHUH D VWUHDP LV FRQVWUDLQHG WR DQ XQGHUVL]HG FKDQQHO RU ODFNV ÀRRGSODLQ FRQQHFWLRQV HYHQ
PRGHUDWHLQFUHDVHVLQÀRZFDQGDPDJHKDELWDWDQGFDXVHÀRRGLQJRQVXUURXQGLQJODQGV:KLOHVWUHDP
ÀRZVFDQEHVORZHGE\LQFKDQQHOGHEULVRUVWRUHGZLWKLQWKHVWUHDPÀRRGSODLQWKHVHFRPSRQHQWVDUH
UDUHLQXUEDQZDWHUFRXUVHV)UHTXHQWKLJKDQGÀDVK\ÀRZVDORQJDUPRUHGVWUHDPEDQNVZKHUHULSDULDQ
vegetation has been removed act to reduce or eliminate the ability of a stream to form and maintain
FRPSOH[SK\VLFDOKDELWDWWKDWVXSSRUWV¿VKDQGZLOGOLIH

Receiving Water Quality
/RFDO ZDWHU ERGLHV DUH XVHG IRU D ZLGH YDULHW\ RI SXUSRVHV VXFK DV VZLPPLQJ ERDWLQJ ¿VKLQJ DQG
DHVWKHWLF EHQH¿WV DQG WKH\ DOVR SURYLGH YDOXDEOH KDELWDW DQG IRRG QHHGHG E\ ¿VK DQG RWKHU DTXDWLF
organisms. While humans typically see aquatic ecosystems only from the outside, there are many
components of healthy aquatic communities under the surface or at the edge of the water. Streams
support a variety of aquatic and terrestrial organisms, including submerged and emergent plants, riparian
YHJHWDWLRQ LQVHFWV ¿VK DQG PDPPDOV  /HVV HDV\ WR VHH EXW HTXDOO\ LPSRUWDQW DUH WKH PLFURVFRSLF
bacteria, fungi, and organisms that provide food for other aquatic animals. A healthy aquatic environment
functions in a dynamic fashion to maintain a diverse physical habitat and support the species that reside
there. Together, both the human and wildlife uses of Seattle’s aquatic systems rely on clean water.

Water Quality Prior to Urban Development
The water quality of a watercourse is determined by watershed hydrology, geology, and vegetation. The
ZDWHUVKHGFKDUDFWHULVWLFVGHWHUPLQHZKHWKHUUDLQZDWHUFDQLQ¿OWUDWHDVZHOODVWKHNLQGVRIFKHPLFDO
compounds that may be picked up along the way from watershed soils and carried downstream.
Surface waters contain a mixture of chemical components, biologically important nutrients, and trace
elements and compounds. The chemical delivery of dissolved and particulate matter such as nutrients
DQGRUJDQLFFDUERQVWURQJO\LQÀXHQFHVQXWULHQWF\FOLQJDQGELRORJLFDOSURFHVVHVLQVWUHDPHFRV\VWHPV
including photosynthesis, respiration, and biological growth (Spence et al. 1996).
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The abundance of various chemicals in stream water can limit biological processes of plants, microbes,
and their consumers. In aquatic systems, nitrogen, phosphorus, and carbon (often available as dissolved
organic matter) can be limiting in this way (Spence et al. 1996).
Common indicators of water quality in watercourses include water temperature, dissolved oxygen,
nutrients (commonly, nitrogen and phosphorus), suspended solids, and metals. Unlike hydrology and
physical habitat, water quality conditions are not usually visible and are highly variable in time and
by location. It is important that water quality indicators fall within a range suitable to support aquatic
life. Indicator values may vary seasonally, but should not vary beyond a suitable range except for brief
SHULRGVXVXDOO\DVVRFLDWHGZLWKDVWRUPHYHQWRUPDMRUQDWXUDOGLVWXUEDQFHVXFKDVDODQGVOLGHRU¿UH

Urban Impacts on Water Quality
Urban development has a wide variety of far-reaching impacts on receiving water quality.
Numerous studies conducted during the late 1970s and early 1980s show that stormwater runoff
IURPXUEDQDQGLQGXVWULDODUHDVLVDSRWHQWLDOO\VLJQL¿FDQWVRXUFHRIZDWHUSROOXWLRQ 86(3$ 
Stormwater runoff in urban areas, such as Seattle neighborhoods and roads, typically enters a drainage
system constructed of pipes and culverts that carries water quickly to receiving waters. Watercourses
serve as intermediary receiving waters in Seattle, conveying stormwater runoff from urban watersheds
to larger receiving waters, such as lakes and Puget Sound.
The content of urban stormwater runoff is formed by
many actions stemming from land use, pesticide use,
ODQG PDQDJHPHQW SUDFWLFHV URDGV DQG WUDI¿F DQG
industrial activities (USGS 2001). Stormwater may
also contain substances that were dumped, leaked,
spilled, or discharged into the drainage system. While
VWRUPZDWHU LQÀXHQFHV DUH WKRXJKW RI LQ FRQMXQFWLRQ
with storm events, stormwater quality actually is
LQÀXHQFHG\HDUURXQG'XULQJGU\SHULRGVSROOXWDQWV
FDQDFFXPXODWHRQLPSHUYLRXVVXUIDFHVDQGEHÀXVKHG
into watercourses during later storms. Surface runoff
can also include drainage during dry weather from
car washing, pavement washing, pavement-cutting
washwater, or irrigation (U.S. EPA 2002).

Aerial view of Lake Union and Seattle (photo by
Bennett)

Urbanization of a watershed is often characterized by commercial, industrial, and transportation land
XVHVVXFKDVDLUSRUWVVPHOWHUVIDFWRULHVDQGODQG¿OOV7KHVHODQGXVHVDUHW\SLFDOO\DVVRFLDWHGZLWKWKH
production of metals, organic compounds, and other toxic wastes that can be entrained in precipitation
and runoff (through air pollution or deposition on the ground surface) and ultimately enter aquatic areas.
Residential land uses can also produce water quality pollutants resulting from landscaping activities
(pesticides and fertilizers), pet waste, and various home and automobile maintenance activities. Metals
such as lead, arsenic, and zinc above certain concentrations can be toxic to both aquatic organisms
and humans, and exposure can lead to both short-term and long-term health problems (King County
2005a).
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Although federal and state regulations have been established in recent years to prevent or reduce
the pollution of lakes and watercourses by metals, organic compounds, and toxic chemicals, these
constituents often bind readily to the bed sediments. Without cleanup, pollutants can remain at the
bottoms of lakes and streams for decades (Davis and Cornwell 1998; Goodyear and McNeill 1999;
Mason et al. 2000). Many chemical compounds, such as chlorinated hydrocarbon insecticides, which
are now mostly banned in the United States, were originally used because of their persistence and
their effectiveness over time. These same characteristics give them similarly long lives in lakes,
ZDWHUFRXUVHVDQGWKHÀHVKRIDQLPDOVWKDWLQJHVWWKHVHFKHPLFDOV :HOFKDQG/LQGHOO 7DEOH
summarizes information about compounds that can be toxic to aquatic life.
Table 1. Toxic compounds that may contaminate surface waters.

Trace Elements

Semivolatile Organic Compounds
(SVOCs) a

Organochlorine
compounds

Description

a

Polychlorinated
hydrocarbons
(chlordane and
dieldrin)
Polychlorinated
byphenyls (PCBs)

Source

Concern

Pesticides.

Persistent environmental contaminants.

Widely used as coolants and
lubricants for transformers and
appliances. Manufacturing of
PCBs was stopped in 1977.

Persistent environmental contaminants.

Polycyclic
aromatic
hydrocarbons
(PAHs)

Combustion of fossil fuels and
other hydrocarbon-rich materials.
Sources include vehicle exhaust,
burning coal, forest fires, tar, and
asphalt roads and roofs.

Phthalates
(aromatic esters)
Phenols (aromatic
alcohols)

Solvents, plasticizers, and insect
repellants.
Derived from coal tar; sources
include vehicle exhaust and
petroleum refining. Also used as
disinfectants.

Eliminating PAHs from urban runoff is
difficult because of their common and varied
sources. They are an environmental concern
because some are toxic to aquatic life and
are probable endocrine disruptors; several
are suspected human carcinogens.
Environmentally persistent and have become
widespread contaminants.
Absorbed through the skin, they damage
most types of cells.

Metals (arsenic,
cadmium, copper,
chromium, lead,
mercury,
selenium, silver,
zinc)

Occur naturally from weathering
of rocks and mineral soils; human
sources such as burning of fossil
fuels, industrial discharges,
automobile emissions, pesticides
and fertilizers, and discharges from
wastewater treatment facilities.

Cu, Se, and Zn are essential to animal and
plant nutrition but can be toxic at high
concentrations. Slow elimination rate of
some trace elements from many aquatic
organisms can lead to bioaccumulation and
biomagnification in aquatic food chains.

SVOCs occur together in the environment, and their effects can be additive.

Similar to receiving water quality, stormwater quality is extremely variable. Differences in the timing
DQG LQWHQVLW\ RI UDLQIDOO DIIHFW UXQRII UDWHV SROOXWDQW ZDVKRII UDWHV LQFKDQQHO ÀRZ UDWHV SROOXWDQW
transport, sediment deposition and resuspension, channel scour, and other factors that collectively
determine pollutant concentrations and pollutant forms. Pollutant sources can be unpredictable
and temporary, such as spills, leaks, dumping, construction activity, landscape irrigation, pesticide
application, and car washing runoff. As a result, pollutant concentrations and other stormwater
FKDUDFWHULVWLFV DW D JLYHQ ORFDWLRQ ÀXFWXDWH JUHDWO\ GXULQJ D VLQJOH VWRUP DQG IURP RQH VWRUP WR
another (U.S. EPA 2002).
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Water Quality Indicators
Water quality conditions are usually presented in the form of a water quality indicator, which is a
metric used to assess the effectiveness of management programs such as pollution prevention and
stormwater treatment, as well as to analyze water quality issues associated with discharges from city
VWRUPZDWHUDQGFRPELQHGVHZHUV7KHJRDORIDQ\ZDWHUTXDOLW\SURJUDPLVWRSURWHFWWKHEHQH¿FLDOXVH
of the water body, which is often measured by water quality indicators. Because the quality of water in
urban watercourses is dominated at times by stormwaterWater quality indicators are selected
associated constituents, the water quality indicators most
chemical and physical parameters
often used to assess water quality conditions originate from
and indices that can be used to
automotive activities, atmospheric deposition, and other
characterize overall conditions in the
receiving water; they also provide
urban sources such as runoff from roofs and landscaped
benchmarks for assessing the success
areas. The commonly used water quality indicators and
RIZDWHUVKHGPDQDJHPHQWHIIRUWV
WKHLUVRXUFHVDQGHIIHFWVDUHGLVFXVVHGEULHÀ\EHORZ

Water Temperature
:DWHUWHPSHUDWXUHVLQZDWHUFRXUVHVDUHLQÀXHQFHGE\WKHDPRXQWVDQGWHPSHUDWXUHVRIVXUIDFHZDWHU
runoff, stormwater or other discharges, and ground water, as well as the extent of stream shading
provided by riparian vegetation (Spence et al. 1996). Water withdrawals from a watercourse can also
LQÀXHQFHZDWHUWHPSHUDWXUH
Because most aquatic species cannot regulate their body temperature, their temperature is determined
E\ZDWHUWHPSHUDWXUH:DWHUWHPSHUDWXUHKHDYLO\LQÀXHQFHVWKHEHKDYLRUDQGGHYHORSPHQWRIPDQ\
aquatic species, including salmonids. Water temperature can also affect competition among organisms,
predation, parasitism, and disease.

Dissolved Oxygen
Dissolved oxygen is the amount of oxygen dissolved in water and available for uptake by aquatic
organisms. Dissolved oxygen levels are highly dependent upon water temperatures, because cooler
water can hold more dissolved oxygen. Urban impacts can lower dissolved oxygen through increased
water temperature and oxygen depletion. For example, heavy nutrient loading leads to oxygen depletion
through plant and algal respiration at night.
Water contains only about 3.3 percent of the amount of oxygen contained in air. Given that aquatic
SODQWVDQGDQLPDOVGHSHQGRQR[\JHQIRUJURZWKDQGVXUYLYDOWKHLUHI¿FLHQWH[WUDFWLRQRIR[\JHQLV
critical. Low dissolved oxygen levels can cause stress and even death of organisms.

Turbidity and Suspended Solids
Total suspended solids (TSS) are particulate materials such as eroded soil particles, heavy metal
precipitates, and biological solids that are suspended in stormwater runoff and cause surface water to
appear cloudy, or turbid.
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Particulates readily wash off paved surfaces and exposed soil during storm events. Construction sites,
LIQRWSURSHUO\PDQDJHGFDQEHDVLJQL¿FDQWVRXUFHRIVXVSHQGHGVROLGVLQPDQ\XUEDQHQYLURQPHQWV
Other sources include windblown dust from automobiles and heavy equipment, sand and salt applied
to icy roadways, and erosion from agricultural land or residential gardens and lawns. In addition,
VZLIWÀRZLQJ ZDWHUFRXUVHV FDQ HURGH VWUHDP EDQNV DQG ERWWRPV WKXV DJJUDYDWLQJ VXVSHQGHG VROLG
problems. Because urban development tends to increase the volume and rate of stormwater runoff, it
can contribute to turbidity problems well downstream of the runoff site, where storm drains discharge
into natural streams.

Turbid discharge into natural stream (photo by Bennett)

A primary concern with suspended solids is
their potential for deposition in ecologically
VHQVLWLYH DUHDV VXFK DV WKRVH XVHG IRU ¿VK
spawning. Deposition can also affect the
numbers and types of benthic invertebrates
that are important components of a water
body’s food web. In addition, a number of
potential pollutants, such as heavy metals and
many organic compounds, become associated
with suspended solids and tend to accumulate
in the receiving waters in areas of suspended
solids deposition.

pH Conditions
The pH value of water is a measure of its acidity. The pH value can range from zero to 14; between
6 and 8 is the most desirable range for surface waters. Water with very high pH values (i.e., basic) or
YHU\ORZS+YDOXHV LHDFLGLF LVFRUURVLYHDQGLVWR[LFWR¿VKDQGRWKHUDTXDWLFRUJDQLVPV6RXUFHVRI
pH problems in urban runoff include industrial process wastewater; cement used in concrete products
and concrete pavement; certain chemical cleaners; and chemicals used by photographic, printing, and
graphics businesses.

Heavy Metals
The metals most commonly found in urban runoff are copper, lead, zinc, cadmium, chromium, arsenic,
and nickel. Major sources of heavy metals in urban runoff are related to transportation, because metals
are components of many vehicle parts, motor oil, tires, and pavement materials. Pesticides, paints, and
industrial sites such as scrap yards are other common sources of heavy metals found in urban runoff.
The form of metals that is most toxic to aquatic biota is the free ionic or dissolved state. However,
metals in urban runoff are often adsorbed onto suspended solids present in the runoff and are not
usually found in large concentrations in dissolved form. Particulate-bound metals are deposited in
lakes and Puget Sound and can cause toxicity problems for bottom-dwelling organisms. Research in
Puget Sound has shown that metals concentrate in sediments and at the water surface (in the surface
microlayer) where they interfere with the reproductive cycle of many biotic species and cause tumors
DQGOHVLRQVLQ¿VK
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Nutrients
Phosphorus and nitrogen compounds are the primary nutrients of concern in stormwater runoff. These
nutrients are used for plant growth or otherwise are altered for incorporation into the food web and can
limit aquatic productivity.
Sources of phosphorus and nitrogen in urban runoff include fertilizers, animal wastes, leaking septic
tanks, sanitary sewer cross-connections, detergents, organic matter such as lawn clippings and leaves,
eroded soil, road de-icing salts, and automobile emissions.
Concerns regarding nutrients, particularly phosphorus, include stimulation of algal blooms and
excessive plant growth in lakes and marine waters. When algae and plant material die, dissolved
oxygen concentrations in the water can become depleted as the material decomposes. Some forms
RIDOJDH HJEOXHJUHHQDOJDH DUHWR[LFWR¿VKDQGRWKHUDTXDWLFRUJDQLVPVDQGFDQHYHQNLOOVPDOO
animals like cats and dogs when they drink the affected water. Some algal blooms are also harmful to
humans and have caused closures of swimming beaches and small lakes. Algae also can cause taste and
odor problems in drinking water supplies and can foul water supply intakes.
$PPRQLDQLWURJHQLVDOVRWR[LFWR¿VKDQGRWKHUDTXDWLFRUJDQLVPV,QDGGLWLRQDPPRQLDQLWURJHQFDQ
deplete dissolved oxygen concentrations in water systems as it oxidizes to nitrite and nitrate through the
QLWUL¿FDWLRQSURFHVV:KHWKHUFDXVHGE\GHFRPSRVLWLRQRUR[LGDWLRQORZGLVVROYHGR[\JHQOHYHOVFDQ
VWUHVVRUNLOO¿VKDQGRWKHUDTXDWLFRUJDQLVPV

Fecal Coliform Bacteria and Pathogens
Urban runoff often contains high levels of fecal coliform bacteria. These organisms are indicators of
fecal contamination from warm-blooded animals and the possible presence of pathogenic (i.e., diseasecausing) bacteria and viruses. The primary sources of fecal coliform bacteria in stormwater are pet and
wildlife wastes (as well as human waste in areas served by septic systems).
Fecal coliform contamination of surface water supplies can pose a human health risk, consequently
limiting the recreational use of a water body. Bacterial contamination has required the closure of
VZLPPLQJEHDFKHVLQORFDOODNHVDVZHOODVVKHOO¿VKKDUYHVWLQJDUHDVLQ3XJHW6RXQG

Oxygen-Demanding Organic Matter
Organic matter in animal waste, food waste, leaves, and twigs is consumed by bacteria present in receiving
waters. Microorganisms use oxygen as they break down organic material such as algae (as discussed in the
Nutrients section above). The oxygen consumed in this process is called the biochemical oxygen demand
(BOD). Large concentrations of organic matter and their subsequent degradation by microorganisms can
GHSOHWHR[\JHQOHYHOVLQVXUIDFHZDWHUVXSSOLHVLQWXUQKDUPLQJ¿VKDQGRWKHUDTXDWLFRUJDQLVPV
Other chemicals such as ammonia and many organic compounds also exert an oxygen demand as these
compounds are oxidized in water. The oxygen depleted by the chemical oxidation of pollutants present
in runoff is known as chemical oxygen demand (COD). Like BOD, COD is an indicator of water
pollution. Slow-moving water is particularly susceptible to oxygen depletion by these compounds,
because there is little turbulence to reintroduce oxygen into the water.
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Toxic Organic Compounds
Organic contaminants are detected infrequently in urban runoff
Pesticides include herbicides,
(organic compounds were detected in less than 20 percent
insecticides, fungicides,
of runoff samples analyzed in the Nationwide Urban Runoff
algacides, and other similar
Program; U.S. EPA 1983). Organic compounds that are most
VXEVWDQFHV
frequently detected include phthalates (these are plasticizers
found in a variety of products including food additives, vinyl and plastic restoration products, and
lubricating oils); polycyclic aromatic hydrocarbons (PAHs are components of fossil fuel and may also
be formed during any combustion process); and some pesticides.
Most organic compounds are toxic. However, the availability of these compounds to biological
V\VWHPVLQXUEDQUXQRIILVGLI¿FXOWWRDVVHVVEHFDXVHRIWKHFORVHDVVRFLDWLRQWKHVHFRPSRXQGVKDYH
with particulate matter. Many of these compounds are transported primarily as particulates and
are deposited in lakes and Puget Sound, where they can be toxic to bottom-dwelling organisms. A
recent study conducted by the U.S. Geological Survey found 23 pesticides in water samples collected
from urban watercourses in the Puget Sound area during rainstorm events (Voss et al. 1999). The
pesticides most commonly detected were 2,4-D (e.g., Weedone), dichlobenil (e.g., Casoron), MCPP
(e.g., Mecoprop), prometon (e.g., Pramitol), diazinon, and pentachlorophenol. Concentrations of
¿YH SHVWLFLGHV FDUEDU\O FKORUS\ULIRV GLD]LQRQ GLQGDQH DQG PDODWKLRQ  H[FHHGHG WKH PD[LPXP
concentrations for the protection of aquatic life recommended by the National Academy of Sciences
and National Academy of Engineering (1973).

Oil and Grease

Oil deposits on pavement (photo by Bennett)
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Oil and grease come from a variety of sources
including roads and highways, parking lots, food
waste storage areas, garbage collection bins,
and areas where pesticides are applied (because
pesticides are often applied in a diesel carrier).
Oil and grease can be petroleum-based (associated
with automotive sources) or food-related (such as
cooking oil). These materials are lighter than water
DQG WHQG WR ÀRDW RQ WKH ZDWHU VXUIDFH IRUPLQJ
ugly sheens that reduce the aesthetic quality of
ZDWHUZD\V:KHQSUHVHQWLQVXI¿FLHQWTXDQWLWLHV
oil and grease can be particularly harmful to plants
(inhibiting germination and growth) and animals
(e.g., loss of feather insulation in birds, and general
ingestion during cleaning for all wildlife). These
substances can adhere to particulate matter and
settle out in the receiving water environment, where
they can destroy aquatic habitat.
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Conditions at the Stream Scale
As noted in the previous section, activities and environmental conditions in the overall watershed play a
major role in shaping instream conditions, and thus are useful as a common indicator of stream conditions.
This section explains the role played by conditions along or within the individual watercourses in
LQÀXHQFLQJVWUHDPFKDQQHOFRQGLWLRQVDQGWKHLUUHODWLYHLPSRUWDQFHLQHYDOXDWLQJVWUHDPKHDOWK
In particular, this section focuses on three key components of stream-scale conditions: riparian area
conditions, habitat conditions within the channel itself, and instream biological communities. These
components of stream-scale conditions are the primary indicators of stream health and are used
extensively to evaluate urban stream conditions in Seattle.

Riparian Habitat
The riparian corridor surrounding a stream plays many roles in shaping stream habitat and biological
communities. Riparian vegetation shades the stream, which helps to moderate water temperatures. The
condition of riparian areas and their role in aquatic habitat processes are affected by both upland and
stream conditions and the integrity of the connections between them (Benda et al. 1998; Naiman et al.
1998).

Riparian Ecosystems Prior to Urban Development
Riparian areas are located adjacent to water bodies and in natural areas of the Puget Sound lowlands;
WKHVHDUHDVFRQVLVWRIVWDQGVRIZHVWHUQKHPORFNZHVWHUQUHGFHGDUDQG'RXJODV¿UZLWKDQXQGHUVWRU\
of shrubs and ground covers such as salmonberry, Oregon grape, and ferns. The riparian corridor can
VXSSO\VWDELOLW\WREDQNVDQGHYHQVORZZDWHUYHORFLWLHVGXULQJKLJKÀRZHYHQWV 6SHQFHHWDO 
Riparian vegetation also contributes woody debris and litter fall to streams, providing habitat structure
and organic materials to fuel the food web. In addition, riparian areas house terrestrial insects that
SURYLGHSUH\IRU¿VKDQGRWKHULQVHFWV
5LSDULDQ IRUHVW DUHDV DIIHFW ZDWHU TXDOLW\ E\ ¿OWHULQJ DQG VWRULQJ VWRUPZDWHU UXQRII DQG DOORZLQJ
SROOXWDQWODGHQUXQRIIWRLQ¿OWUDWHWKHVHGLPHQWVEHIRUHLWFDQUHDFKVXUIDFHZDWHUUHVRXUFHV,QDGGLWLRQ
certain types of vegetation can actually take up and remove the nutrients and some of the pollutants
EHLQJWUDQVSRUWHGLQVWRUPZDWHUUXQRII)RUHVWYHJHWDWLRQVKDGHVWKHVWUHDPFKDQQHOLQÀXHQFHVZDWHU
temperatures, and recycles nutrients deposited by plants and animals using the area (e.g., salmon
carcasses) (Gregory et al. 1991; Bisson and Bilby 1998; Hershey and Lamberti 1998; Naiman et
al.1998; Suberkropp 1998).

Urban Impacts on Riparian Areas
When urban development encroaches on riparian areas adjacent to streams and replaces natural forests
and wetlands with buildings, structures, landscaped yards, or impervious surfaces, it results in a variety
of direct and indirect impacts on the habitat quality of streams (Gregory et al. 1991; May 1996).
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Removal of riparian vegetation directly results in a reduction in organic material inputs to the stream,
which small forested streams rely upon as their principal energy source (Triska et al. 1981). In addition,
the sizes and types of woody debris available for recruitment is changed, affecting the ability of the
wood to shape instream habitat, as well as the longevity of wood structures in the stream (because
decomposition times vary among different types of wood).

Residential encroachment on Taylor Creek riparian corridor
(photo by Bennett)

Reduced shading of streams in riparian
areas can result in increased water
temperatures and reduced dissolved
oxygen concentrations, affecting benthic
DQG ¿VK FRPPXQLWLHV  7KH UHPRYDO RI
riparian vegetation reduces the natural
¿OWHULQJ SURSHUWLHV GLVFXVVHG LQ WKH
previous section) that can be important in
promoting local water quality (Johnston
et al. 1990, Norris 1993). Stream bank
instability can also increase where native
riparian vegetation is replaced with plants
having shallower root systems that cannot
hold bank soils together effectively.

Instream Habitat
,QVWUHDP KDELWDW DW WKH PRVW EDVLF OHYHO LV VKDSHG E\ VWUHDP ÀRZ FKDQQHO JUDGLHQW VXUURXQGLQJ
topography, and the riparian corridor. These characteristics affect the introduction and movement of
VHGLPHQWDQGZRRGDVZHOODVWKHFRQQHFWLRQVEHWZHHQWKHVWUHDPDQGLWVÀRRGSODLQ6WUHDPÀRZDQG
riparian conditions are discussed above, while the following subsections focus on sediment and wood
G\QDPLFVÀRRGSODLQFRQQHFWLRQVDQGWKHUHVXOWLQJLQVWUHDPKDELWDWW\SHV

Sediment and Wood Recruitment and Transport Prior to Urban Development
The size and composition of sediment in a stream and the amount of wood in the channel are important
FRPSRQHQWV RI VWUHDP KDELWDW  6WUHDP ÀRZV UHFUXLW DQG WUDQVSRUW ZRRG\ GHEULV VXSSOLHG E\ WKH
ÀRRGSODLQV DQG ULSDULDQ DUHDV RI WKH VWUHDP %LOE\ DQG %LVVRQ    6HGLPHQW LV UHFUXLWHG WR WKH
ZDWHUFRXUVH IURP KLOOVLGHV ÀRRGSODLQV DQG VWUHDP EDQNV WKURXJK HURVLRQ  2QFH LQ WKH FKDQQHO
VHGLPHQWDQGZRRGDUHPRYHGE\VWUHDPÀRZWRVKDSHVWUHDPKDELWDWVXFKDVSRROVULIÀHVDQGRYHUDOO
FKDQQHOVXEVWUDWH 0RQWJRPHU\DQG%XI¿QJWRQ )RUH[DPSOHODUJHZRRG\GHEULVWUDSVRWKHU
SLHFHVRIZRRGDOWHUVDQGUHGLUHFWVVWUHDPÀRZDQGVWRUHVVHGLPHQW %LVVRQHWDO%LOE\DQG
Bisson 1998).
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Urban Impacts on Sediment and Wood in Streams
Wood and sediment dynamics
can be disrupted through
hydrologic changes and local
changes along the watercourse.
+LJK ÀRZV FDQ ZDVK VHGLPHQW
and wood downstream, causing
the channel to incise, widen, and
simplify (Paul and Meyer 2001;
Figure 4, erosional phase). In
urban systems, bank armoring and
channelization often disconnect
sediment source areas from the
stream, so that new sediment
cannot be recruited from the
VWUHDP EDQNV ÀRRGSODLQ RU
hillsides (Finkenbine et al. 2000;
Pizzuto et al. 2000). Similarly,
the lack of wide riparian forests
along a stream limits wood
recruitment.

bankfull width

Pre-development

overbank deposition

Aggradation Phase

bed aggradation

-hillslope erosion is largest sediment
source
-w:d may increase or stay constant
-cross-sectional area increasing

bank erosion
channel incision/widening

Erosional Phase
-channel erosion is largest sediment
source
-w:d increases eventually
-cross-sectional area increased to
accommodate larger bankful
discharge

Figure 4. Changes in stream channel sediment dynamics as
a result of urban development.
Adapted from Paul and Meyer (2001).

2IWHQ¿QHVHGLPHQWVEHFRPHH[FHVVLYHLQXUEDQZDWHUFRXUVHVDVXQDUPRUHGVWUHDPEDQNVGLVWXUEHG
hillsides, and stormwater runoff introduce silt to the system (Figure 4, aggradation phase). Disruption
LQWKHUHFUXLWPHQWDQGWUDQVSRUWRIVHGLPHQWDQGZRRGLQXUEDQDUHDVRIWHQOHDGVWRDQLQFUHDVHLQ¿QH
sediments, a decrease in coarse sediments (i.e., gravel and cobble), and a decrease in in-channel wood.
Collectively, these factors promote simple stream habitat lacking in complexity and diversity.
Sediment and wood dynamics are further affected by infrastructure and road crossings where
ZDWHUFRXUVHVDUHFRQ¿QHGLQSLSHVDQGFXOYHUWV )LQNHQELQHHWDO ,QDGGLWLRQZHLUVDQGGDPV
DUHFRPPRQO\LQVWDOOHGLQVWUHDPFKDQQHOVWRUHGXFHFKDQQHOJUDGLHQWDQGGHFUHDVHÀRZYHORFLW\ 0D\
1996). These structures typically are not designed to pass sediment or wood, which consequently are
trapped in upstream areas, limiting their ability to contribute to downstream habitat formation. These
PDQPDGHLQVWUHDPVWUXFWXUHVRIWHQFUHDWHRXWIDOORUYHORFLW\EDUULHUVWR¿VKSDVVDJH :'): 

Stream–Floodplain Connections Prior to Urban Development
7KHÀRRGSODLQRIDVWUHDPSOD\VDQLPSRUWDQWUROHLQKDELWDWIRUPLQJSURFHVVHV)ORRGSODLQVDUHORZ
O\LQJ DUHDV DGMDFHQW WR VWUHDPV ZKLFK FDQ ¿OO ZLWK ZDWHU ZKHQ VWUHDP ÀRZ LQFUHDVHV 7KLV DOORZV
ZDWHUWRH[SDQGODWHUDOO\IURPWKHFKDQQHOWRRFFXS\DZLGHUDUHDZKHQQHHGHG7KHÀRRGSODLQVHUYHV
DV D VRXUFH DUHD IRU ZDWHU VWRUDJH ZRRG DQG VHGLPHQW  'XULQJ KLJK ÀRZV WKH ÀRRGSODLQ ÀRRGV
VWRULQJH[FHVVZDWHUDQGGLVVLSDWLQJKLJKÀRZHQHUJ\,QDGGLWLRQWKHFKDQQHOPD\PLJUDWHDFURVVWKH
ÀRRGSODLQWRFRQQHFWWRSUHYLRXVO\IRUPHGRIIFKDQQHODQGVLGHFKDQQHODUHDV -XQNHWDO%D\OH\
 7KHÀRRGSODLQLVDQHVVHQWLDOFRPSRQHQWRIWKHZDWHUFRXUVHSOD\LQJDODUJHUROHLQK\GURORJ\
wood and sediment recruitment and transport, instream complexity, and riparian connections.
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Urban Impacts on Stream–Floodplain Connections
,QXUEDQZDWHUFRXUVHVPDQ\ÀRRGSODLQDUHDVKDYHEHHQLVRODWHGIURPVWUHDPFKDQQHOVDQGUHPRYHGIURP
WKHLUUROHLQVWUHDPKDELWDWG\QDPLFV,QGHYHORSLQJDUHDVVWUHDP±ÀRRGSODLQFRQQHFWLRQVDUHDIIHFWHG
by local actions that, considered cumulatively, can create watercourse-wide impacts. Stream bank
armoring, channel incision, and urban encroachment effectively channelize a stream and severely limit its
RSSRUWXQLWLHVWRFRQQHFWWRLWVÀRRGSODLQ7KLVSURFHVVUHGXFHVWKHVWUHDP¶VDFFHVVWRVHGLPHQWDQGZRRG
sources, impairing its ability to form instream habitat. Often it can reduce the ability of the watercourse to
PDQDJHÀRRGÀRZVDQGFDQFRQWULEXWHWRGRZQVWUHDPÀRRGLQJSUREOHPV:LWKRXWWKHÀRRGSODLQVWUHDPV
lose habitat complexity, most notably off-channel, channel-edge, and shallow-water refuge habitats.

Stream Habitat and Channel Types Prior to Urban Development
Streams in the Seattle area are Puget Lowland alluvial systems characterized by rather low-gradient
FKDQQHOVSDVVLQJWKURXJKJODFLDORXWZDVKZKHUHVWUHDPÀRZFDQGRZQFXWDQGPRYHJODFLDOVHGLPHQWV
WR IRUP DQG PDLQWDLQ KDELWDW %XI¿QJWRQ HW DO  1DLPDQ HW DO   $OWKRXJK VWUHDPV FDQ EH
FKDUDFWHUL]HGKLHUDUFKLFDOO\ 0RQWJRPHU\DQG%XI¿QJWRQ RQO\WZRVWUHDPVFDOHVDUHGLVFXVVHG
here: the habitat unit, and the reach type (also called channel type or geomorphic type in this document).

Stream Habitat Units
Stream habitat units have distinct characteristics such as depth, water turbulence, water velocity, and
substrate. Stream habitat units found in Seattle include the following (Meehan 1991; Spence et al. 1996):



Pool—Stream area with reduced water velocity, greater stream depth, and typically a smooth
surface

 5LIÀH²6KDOORZ VWUHDP DUHD ZLWK D UDSLG FXUUHQW DQG WKH ZDWHU VXUIDFH EURNHQ E\ VWUHDPEHG
sediments such as gravel, cobbles, or boulders

 Glide—Stream segment with intermediate, uniform depth, moderate water velocity, and very little
surface turbulence (also called a run)

 Cascade—Stream segment with high gradient, high current, turbulence, and exposed rocks and
boulders forming drops in the stream

 Step—Isolated small falls over boulders or large wood in steep, shallow areas, with steeper gradient
and shallower water than in cascade habitat unit.

Stream Channel Types
The stream habitats listed above have been used to classify stream channels into reach types
0RQWJRPHU\ DQG %XI¿QJWRQ  %XI¿QJWRQ HW DO    :KLOH WKHVH W\SHV ZHUH ¿UVW XVHG WR
characterize mountain stream reaches, the lower-gradient reaches are applicable to Seattle watercourses
%XI¿QJWRQHWDO /LVWHGIURPKLJKHUWRORZHUJUDGLHQWWKHVHVWUHDPW\SHVDUHcascade, steppool, plane-bed, SRROULIÀH, and dune-ripple (also called regime) (Figures 5, 6, and 7).
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A Cascade channels are found in steep
areas (8 to 30 percent gradient),
ZKHUH WKH FKDQQHO LV FRQ¿QHG E\
valley walls and contains mostly
large substrate such as boulders.

B Step-pool channels are found
where the gradient is between 4
and 8 percent, with a moderate
DPRXQW RI FRQ¿QHPHQW IURP
valley walls around the stream.
Step-pool channels have small
ÀRRGSODLQVLIDQ\DQGWKHFKDQQHO
itself typically contains cobbles,
boulders, and large woody debris.

C Plane-bed channels develop in
lower-gradient areas of 1 to 4
percent, and the channel adopts
a rather uniform appearance of
ULIÀHDQGJOLGHKDELWDWZLWKJUDYHO
and cobble substrate. A plane-bed
channel may or may not have a
GHYHORSHGÀRRGSODLQ

D3RROULIÀH FKDQQHOV GHYHORS LQ
XQFRQ¿QHGORZJUDGLHQWDUHDVRI
0.1 to 2 percent where the stream
can interact with the surrounding
ÀRRGSODLQ DQG LQFKDQQHO ZRRG\
debris. In some cases, the channel
RVFLOODWHV EHWZHHQ SRRO DQG ULIÀH
areas with some gravel bars,
providing diverse habitat.

E Dune-ripple, or regime, channels
H[LVW LQ ÀDW XQFRQ¿QHG DUHDV RI
less than 0.1 percent gradient with
primarily sand substrate. Typically
the channel is rather sinuous, with
sand bars and potential for multiple
stream channels (Montgomery and
%XI¿QJWRQ%XI¿QJWRQHWDO
2004).
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)LJXUH6FKHPDWLFORQJLWXGLQDOSUR¿OHYLHZRI¿YH

VWUHDPFKDQQHOW\SHVGXULQJORZÀRZ
ranging from higher-gradient reaches
(cascade form) to lower-gradient reaches
(dune-ripple form).


Reprinted with permission from Montgomery and
%XIÀQJWRQ  
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)LJXUH6FKHPDWLFSODQYLHZRI¿YHVWUHDPFKDQQHOW\SHVGXULQJORZÀRZUDQJLQJIURP
higher-gradient reaches (cascade form) to lower-gradient reaches (dune-ripple form).

)LJXUH&KDUDFWHULVWLFVRI¿YHVWUHDPFKDQQHOW\SHVW\SLFDORI6HDWWOHZDWHUFRXUVHV
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co/bo = cobble/boulders; lwd = large woody debris.
)LJXUHVDQGDGDSWHGIURP0RQWJRPHU\DQG%XIÀQJWRQ  
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Urban Impacts on Stream Habitat and Channel Types
6WUHDP KDELWDW DQG FKDQQHO W\SHV DUH D IXQFWLRQ RI ZDWHUFRXUVH JUDGLHQW FRQ¿QHPHQW E\ QDWXUDO
features, and instream sediment and wood. In urban areas, expected habitat and channel types
DUH RIWHQ PLVVLQJ DQG UHSODFHG E\ VLPSOL¿HG FKDQQHOV WKDW ODFN LQVWUHDP VWUXFWXUH DQG VXIIHU IURP
KXPDQLQGXFHGFRQ¿QHPHQW7KHVHFKDQQHOVRIWHQKDYHHURGHGVWUHDPEHGVLQUHVSRQVHWRKLJKÀRZV
DQG EDQN DUPRULQJ VLQFH WKHUH LV OLWWOH DFFHVVLEOH ÀRRGSODLQ IRU VWRULQJ H[FHVV ZDWHU 2IWHQ ZRRG
and other structures have been removed from the stream to increase conveyance or to prevent possible
damage to bridges and culverts, leaving nothing in the stream to store sediment, scour pools, or
create habitat complexity. As a result, streams are often plane-bed or regime channels, even where
DSRROULIÀHRUVWHSSRROFKDQQHOW\SHLVH[SHFWHG

Aquatic Biological Communities
A number of aquatic animals depend on healthy stream
HFRV\VWHPV7KHVHVSHFLHVUDQJHIURPVDOPRQNLQJ¿VKHUV
salamanders, and turtles to benthic invertebrates, which are
bottom-dwelling organisms such as insects, crustaceans,
mollusks, and worms. Salmonids and benthic invertebrates
have been chosen as a focus of this report. Both groups
use aquatic habitat in Seattle, and both serve as biological
indicators of health in watercourses. The City of Seattle
collects data to document these species groups. Salmon
in particular are culturally, politically, and economically
LPSRUWDQW WKURXJKRXW WKH 3DFL¿F 1RUWKZHVW  %HQWKLF
invertebrates are sensitive to human disturbance, as well
as being abundant, easy to collect, and nonmigratory.
Therefore, they are used as an indicator of biological
integrity in streams. A much larger variety of animals
inhabit Seattle watercourses and are important components
of stream health. However, salmonids and benthic
invertebrates are used as indicators in this report and are
discussed in detail.

Turtle on Thornton Creek (photo by
Bennett)

Salmonids in Aquatic Ecosystems
In this report, the term salmonidUHIHUVWRDQDGURPRXVDQGUHVLGHQWVDOPRQDQGWURXW$QDGURPRXV¿VK
move between freshwater and saltwater during the course of their lives, using freshwater to spawn and
rear, and saltwater to grow and mature. Resident trout (such as rainbow trout) and salmon (e.g., kokanee)
VWD\LQIUHVKZDWHUIRUWKHLUHQWLUHOLYHV7KLVUHSRUWIRFXVHVRQIRXUVSHFLHVRI3DFL¿FVDOPRQ &KLQRRN
coho, sockeye, and chum) and two native species of trout (cutthroat and rainbow or steelhead). Pink
salmon are not usually found in Seattle streams.

Part 2

A Brief Primer on Stream Ecosystems

25

City of Seattle State of the Waters 2007

Volume I: Seattle Watercourses

The life cycle of anadromous salmon and trout (e.g., steelhead and some cutthroat) typically begins
when adults migrate into a river or stream to reproduce. In the late fall or spring, females establish a
redd, or egg nest, through digging in the gravel of the stream bottom. Male salmon then fertilize the
salmon eggs as the female deposits them in the redd. After this act of spawning, the adult salmon die,
while some trout may live on to migrate back out to sea and return again. Eggs incubate in the river or
stream for about 4 months before emerging as fry. Fry may rear in the stream either for months (oceanrearing Chinook) or for years (coho, cutthroat, and rainbow/steelhead), or they may head downstream
soon after emergence (chum and sockeye). Chum salmon typically head out to saltwater as fry, while
sockeye migrate to a lake and spend a year rearing there. Whether in the stream, lake, or marine
HQYLURQPHQWIU\JURZLQWRODUJHUMXYHQLOHVLIWKH\¿QGDGHTXDWHIRRGDQGUHIXJHIURPKLJKÀRZVDQG
predators (Bjornn and Reiser 1991; Groot and Margolis 1991).
Juvenile Chinook salmon tend to migrate to saltwater
ZLWKLQ WKH ¿UVW \HDU RI OLIH MRLQHG E\ VRFNH\H
coho, and trout species during their second year
RIOLIH:KLOHVWLOOVPDOOMXYHQLOH¿VKWHQGWRVWD\
FORVHWRVKRUHWRUHDUDQG¿QGUHIXJHLQWKHPDULQH
environment. Eventually they grow large enough to
head for the open ocean and can travel thousands of
miles while they feed and grow. Salmon and trout
mature at different ages ranging from 3 years (coho
and sockeye salmon) to 6 years (some Chinook
salmon). Upon the cusp of maturity they start their
migration back to their natal watercourses and rivers.
On reaching the river or watercourse mouth, they
migrate up to their spawning grounds, depending
RQVXI¿FLHQWÀRZZDWHUWHPSHUDWXUHKROGLQJSRROV
and spawning habitat to successfully leave their
offspring behind.
Sockeye salmon (photo by Doberstein)
Salmon typically spawn in the late fall, and their offspring emerge from the gravel in the early spring.
-XYHQLOH¿VKDIWHUUHDULQJOHDYHIRUWKHVDOWZDWHUEHWZHHQODWHVSULQJDQGVXPPHU$IWHUPDWXULQJLQ
the ocean, adult salmon return in the late summer and fall season to their natal watercourses and rivers.
Trout are late winter and early spring spawners, with young emerging from redds in the summer. The
timing of adult returns, spawning, and fry emergence varies based on water temperature, distance of the
spawning grounds from saltwater, and other environmental factors. Thus salmon and trout are locally
adapted to the conditions of their home system (Groot and Margolis 1991).
Resident salmon and trout have a less arduous journey, living in either a stream, river, or lake for their
HQWLUHOLYHV$GXOWVDOPRQDQGWURXWOLYLQJLQODNHVDUHJHQHUDOO\DGÀXYLDOPHDQLQJWKH\XVHWKHODNH
to forage and grow, but use tributaries draining to the lake for spawning habitat. As with anadromous
¿VKUHVLGHQWVDOPRQW\SLFDOO\VSDZQLQWKHODWHIDOODQGUHVLGHQWWURXWVSDZQLQWKHODWHZLQWHURUHDUO\
spring.
7DEOH  VXPPDUL]HV WKH OLIH KLVWRU\ SDWWHUQV RI VDOPRQLGV LQ WKH 3DFL¿F 1RUWKZHVW LQFOXGLQJ WKRVH
found in Seattle watercourses.
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Sep–Jan

Jan–Jul
Jun–Aug
Aug–Mar

Jul–Aug

Nov–Jun
Feb–Jun

Chum

Chinook
Spring
Summer
Fall

Sockeye

Steelhead c
Winter
Spring

Tributaries, streams, and rivers

Streams, usually near lakes

Main stem of large and small rivers

Coastal rivers and lower stream reaches

Coastal streams, shallow tributaries

Spawning Location

Feb–Jul
Dec–May

Aug–Apr

Jul–Jan
Sep–Nov
Sep–Mar

Sep–Mar

Oct–May

Eggs in
Gravel b

1–3 years
1–2 years

1–3 years

1+ years
1+years
3–7 months

Days–weeks

1+ years

Young in
Stream

Tributaries

Lakes

Main stem large and small rivers

Little time in freshwater

Tributaries, main stem, slack water

Freshwater Habitat

Mar-Jun (2nd–5th year)
Spring & Summer (3rd–4th year)

Less than 1 month

1–4 years

1–4 years

5–28 lbs. (8)
5–20 lbs.

3–8 lbs. (6)

Few days

8–12 lbs. (10)

5–20 lbs. (8)

Adult Weight
(average)

Apr–Jun (2nd–4th year)

2–5 years

2.5–3
years

2 years

Time in
Ocean

10–20 lbs. (15)
10–30 lbs. (14)
10–40 lbs.

Days–months

4–14 days

Few days

Time in Estuary

Mar–Jul (2nd year)
Spring (2nd year)
Apr–Jun (1st or 2nd year)

Shortly after leaving gravel

Mar–Jul (2nd year)

Young Migrate
Downstream
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There is much variation in life history patterns – each stream system having fish with their own unique timing and patterns of spawning, growth, and migration.
The eggs of most salmonids take 3–5 months to hatch at the preferred water temperature of 50–55 degrees F; steelhead eggs can hatch in 2 months.
c
Steelhead, unlike salmon, may not die after spawning. They can migrate back out to sea and return in later years to spawn again.
Adapted by Pacific States Marine Fisheries Commission. Sources: Ocean Ecology of North Pacific Salmonids, Bill Pearcy, University of Washington Press, 1992 Fisheries Handbook of Engineering Requirements and
Biological Criteria, Milo Bell, U.S. Army Corps of Engineers, 1986; Adopting A Stream; A Northwest Handbook, Steve Yates, Adopt-A-Stream Foundation, 1988.

a

Oct–Jan

Coho

Adult
Return

7DEOH*HQHUDOL]HGOLIHKLVWRU\SDWWHUQVRIVDOPRQVWHHOKHDGDQGWURXWLQWKH3DFL¿F1RUWKZHVWa
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Salmonids in Stream Ecosystems
Watercourses can be used for salmonid spawning, incubation, and rearing habitat. Basic necessities
are adequate water temperature (temperatures above 16 degrees Celsius [ºC] or 60 degrees Fahrenheit
[ºF] can become stressful for salmonids) and dissolved oxygen levels (dissolved oxygen below roughly
PJ/EHFRPHVVWUHVVIXO ERWKRIZKLFKFDQEHLQÀXHQFHGE\GHJUDGHGZDWHUTXDOLW\LQVWRUPZDWHUHQWHULQJ
ZDWHUFRXUVHVUHGXFHGJURXQGZDWHUVXSSOLHVWRIHHGVWUHDPÀRZDQGUHPRYDORIULSDULDQYHJHWDWLRQ
'XULQJDGXOWVDOPRQLGVSDZQLQJZDWHUOHYHOVPXVWEHVXI¿FLHQWWRDOORZ¿VKDFFHVVWRVXLWDEOHKDELWDW
but not so extreme as to push adults downstream (Bjornn and Reiser 1991; Crisp 1993). Sediment
recruitment and sorting are needed to replenish spawning substrates in streambeds, and channel
FRPSOH[LW\ LV LPSRUWDQW LQ SURYLGLQJ UHVWLQJ DUHDV IRU PLJUDWLQJ DGXOWV  0RGHUDWHG ÀRZV DUH DOVR
LPSRUWDQWGXULQJHJJLQFXEDWLRQZKLFKUHTXLUHVVXI¿FLHQWZDWHUÀRZWRGHOLYHUR[\JHQWRWKHHJJVDQG
carry away waste products (Bams 1969; Leman 1988).
When fry emerge from their redds, habitat complexity is important in providing foraging opportunities
DQGUHIXJHDUHDVIURPKLJKÀRZVDQGSUHGDWRUV7KLVFRPSOH[LW\LVLPSRUWDQWIRUUHDULQJDQGPLJUDWLQJ
juvenile salmon, as well as juvenile and adult resident trout. At all life stages, salmon need cool water
temperatures to control their metabolic rate.

Urban Impacts on Salmonids
Changes in watersheds and watercourses resulting from urbanization can reduce the ability of salmon
and trout to successfully reproduce and rear in urban areas. During spawning and egg incubation,
KLJKÀRZVFDQPRELOL]HJUDYHODQGVFRXUHJJVIURPWKHVWUHDPEHG)LQHVHGLPHQWFDQVPRWKHUUHGGV
FDXVLQJHJJPRUWDOLW\RUFDQLUULWDWH¿VKJLOOV+LJKZDWHUWHPSHUDWXUHVDQGORZGLVVROYHGR[\JHQ
OHYHOVFDQLQGXFHVWUHVVRUHYHQOHDGWRGHDWK2QFHMXYHQLOH¿VKFRPHRXWRIWKHUHGGVWKH\DOVRDUH
DIIHFWHG E\ KLJK ZDWHU WHPSHUDWXUHV ORZ GLVVROYHG R[\JHQ OHYHOV DQG JLOOLUULWDWLQJ ¿QH VHGLPHQWV
(Bell 1986; Chapman 1988; Newcombe and Jensen 1996).
3UH\LWHPVVXFKDVEHQWKLFLQYHUWHEUDWHVFDQDOVREHVPRWKHUHGE\¿QHVHGLPHQWV)RUVPDOOHU¿VKKLJK
ÀRZVFDQGLVSODFH¿VKGRZQVWUHDPSDUWLFXODUO\ZKHUHWKHUHLVOLWWOHDFFHVVLEOHÀRRGSODLQRULQVWUHDPZRRG
and boulders to provide refuge and pool habitat. Instream complexity, created by instream wood, boulders,
DQGSRROVLVRIWHQODFNLQJLQXUEDQDUHDVEXWLVLPSRUWDQWIRUSURYLGLQJUHDULQJKDELWDWIRUMXYHQLOH¿VKDQG
resting areas for migrating adults. All life stages of salmonids are affected by toxic pollutants and excess
QXWULHQWVZKLFKFDQOHDGWRFKURQLFRUDFXWHHIIHFWVRQ¿VKWKHPVHOYHVRURQWKHLUSUH\

Benthic Invertebrates in Stream Ecosystems

6DOPRQÁ\ SKRWRE\6YHQGVHQ
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Benthic invertebrates are bottom-dwelling organisms
without backbones such as insects, crustaceans, worms, and
mollusks that inhabit a stream, lake, estuary, or marine water
body for all or part of their lives. They typically dominate
the trophic level between primary producers—those
organisms that produce energy from sunlight, such as plants
DQGDOJDH²DQG¿VKVSHFLHV +RUQHDQG*ROPDQ 
Part 2

A Brief Primer on Stream Ecosystems

City of Seattle State of the Waters 2007

Volume I: Seattle Watercourses

,Q VWUHDPV W\SLFDO EHQWKLF LQYHUWHEUDWHV LQFOXGH PD\ÀLHV Ephemeroptera  VWRQHÀLHV Plecoptera),
FDGGLVÀLHV Trichoptera), aquatic worms (Oligochaeta), scuds (Crayonyx VRPHÀLHV Diptera) such as
midges (Chironomid), planarians (Turbellaria), and leeches (Hirudinea). Benthic invertebrates differ
in life cycle and length of life, with basic distinctions between insect and noninsect groups. Most
noninsect species, such as leeches and worms, spend their entire lives in a stream. Insect species have
a more complex life cycle, starting as an egg in the stream, deposited there by a winged, terrestrial
DGXOW,QVRPHVSHFLHVVXFKDVPD\ÀLHVDQGVWRQHÀLHVWKHHJJGHYHORSVLQWRDJLOOEUHDWKLQJLQVHFW
like larva that goes through several instars, or developmental stages, as the larva develops. In other
LQVHFWVVXFKDVÀLHVDZRUPRUJUXEOLNHODUYDXQGHUJRHVDFRPSOHWHPHWDPRUSKRVLVGHYHORSLQJLQWR
a pupa in a protected habitat or cocoon before becoming an adult. All insect invertebrates travel out
of the aquatic environment to emerge or molt into winged adults, during which time they disperse,
reproduce, and deposit their eggs. The life cycle of most benthic invertebrates spans a year, but some
larger invertebrates have life cycles lasting 3 years or more.
7KHEHQWKLFFRPPXQLW\LVVKDSHGE\PDQ\DVSHFWVRIWKHVWUHDPHQYLURQPHQWLQFOXGLQJVXEVWUDWHVÀRZ
water temperature, dissolved oxygen levels, and water chemistry (Hershey and Lamberti 1998). Water
temperature, dissolved oxygen, and water chemistry set broad limitations on the types of invertebrates
WKDWFDQLQKDELWDVWUHDP6RPHLQYHUWHEUDWHVUHTXLUHFRROHUWHPSHUDWXUHVDQGPRGHUDWHÀRZVZKLOH
RWKHUVDUHPRUHWROHUDQWRIDZLGHUDQJHRIFRQGLWLRQVLQFOXGLQJWKH¿QHVHGLPHQWVKLJKWHPSHUDWXUHV
DQGKLJKÀRZVFRPPRQLQXUEDQZDWHUFRXUVHV
Water velocity and substrate are important at local habitat scales in determining the benthic species
present. Because most invertebrates spend their lives attached to sediments, the types of sediment shape
the benthic community. For example, coarser sediments provide larger and more numerous interstitial
VSDFHVIRULQYHUWHEUDWHVWRLQKDELWWKDQ¿QHVHGLPHQWFDQSURYLGH7KHERG\VKDSHDQGRWKHUIHDWXUHV
of benthic species varies, making some suitable for attaching to the sediment (e.g., small or streamlined
ERGLHV URFN FDVHV DQG VXFWLRQ GLVNV  DQG IHHGLQJ LQ IDVWHUÀRZLQJ ZDWHU HJ QHW VSLQQLQJ  7KH
hyporheic zone is important for the benthic community in providing nutrients for primary production
DQGUHIXJHGXULQJKLJKÀRZV +HUVKH\DQG/DPEHUWL(GZDUGV 

Urban Impacts on Benthic Invertebrates
Benthic invertebrates can face challenging conditions in urban
ZDWHUFRXUVHV  +LJK ÀRZV FDQ VFRXU WKHP IURP WKH VWUHDPEHG DQG
transport them downstream. Reduced hyporheic zones can limit food
VRXUFHVDQGKLJKÀRZUHIXJHRSSRUWXQLWLHV7KHLQWURGXFWLRQRI¿QH
sediment can eliminate suitable areas for certain kinds of benthic
invertebrates or reduce their ability to forage effectively (Collier 1995).
Loss of connections with adjacent riparian areas may alter the food web
or reduce the success of invertebrate species that take refuge in riparian
vegetation while adults. Water and sediment pollutants in watercourses
or lakes can be ingested by benthic invertebrates, causing mortality, or
accumulated in the tissues, resulting in a long-term chronic impact.
Because benthic invertebrates are sensitive to human disturbance, as
well as being abundant, easy to collect, and nonmigratory, they function
well as an indicator of biological integrity in streams.
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State of the Waters 2007
Part 3 Assessing the State of the Waters
Evaluating water quality, sediment quality, and habitat conditions relies on both compiling data and
analyzing those data. Data from a variety of sources have been compiled and evaluated for this report.
This chapter describes the data compilation and evaluation procedures used to assess conditions in
Seattle-area watercourses.
)LJXUHVKRZVWKHPDMRU6HDWWOHZDWHUFRXUVHVDQGFRUUHVSRQGLQJZDWHUVKHGVDQGLGHQWL¿HVWKHUHDFKHV
where monitoring data have been collected for water and sediment quality parameters, as well as habitat
characteristics.
The 2004 Comprehensive Drainage Plan and
“Watercourse” means the route, constructed
other documents issued by Seattle Public Utilities
or formed by humans or by natural
638  KDYH LGHQWL¿HG OLPLWLQJ IDFWRUV IRU 6HDWWOH
processes, generally consisting of a channel
water bodies, that is, major problems that limit the
with bed, banks, or sides, in which surface
ZDWHUVÀRZ
FDSDELOLW\RIDZDWHUERG\WRVXSSRUW¿VKDQGRWKHU
animals, as well as provide clean water and safe
opportunities for recreation and other human uses. This State of the Waters report builds upon those
previous assessments. To provide connection to that earlier work, the limiting factors are listed in a
summary table in Appendix A.

Unnamed creek (photo courtesy Seattle Municipal Archives)
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Watercourse
Data Availability
The City
of Seattle

Thornton Creek

Puget
Sound

Piper's Creek

Elliott
Bay

Lake
Washington

Longfellow Creek

Legend
Watercourse
Open Channel (Stream)
Culvert
City Boundary
Major Arterial
Major Watershed

Fauntleroy Creek

Sediment/Water Quality
Monitoring Results per Station

!
!
!

Sufficient Water Quality and
Sediment Data

Taylor Creek

Sufficient Water Quality Data
Data Collected and Reviewed,
but Insufficient to Make
Characterizations

Habitat
Stream Reaches where
Habitat Data was Collected
Note: Only the five mapped watersheds
were evaluated for this report.

Figure 8

Figure 8. Watercourse habitat surveys and availability of water and sediment quality data.
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Evaluating Conditions at the Watershed Scale
This section describes the methods used to evaluate hydrologic and water quality conditions at the
watershed scale. Again, the watershed scale refers to the overall watershed conditions, looking beyond
WKHZDWHUFRXUVHWRHYDOXDWHXSODQGDFWLYLWLHVDQGHQYLURQPHQWDOFRQGLWLRQVWKDWFDQLQÀXHQFHFRQGLWLRQV
found within the stream channel. The focus of the watershed-scale evaluation is on hydrologic and
water quality changes. The methods used to evaluate these two general watershed components are
discussed in detail below.

Hydrology Assessment Methods
The following sections discuss the hydrologic data collection and data analysis methods used in this
UHSRUW7KH¿UVWVHFWLRQFRYHUVWKHPDLQVRXUFHVRIK\GURORJLFGDWDDQGUHODWHGZDWHUVKHGK\GURORJLF
information used in this assessment. The second section discusses the methods of evaluating stormwater
runoff production in each major watershed.

Data Collection and Compilation

 Flow monitoring GDWD DUH DYDLODEOH IRU IRXU RI 6HDWWOH¶V ¿YH PDMRU ZDWHUFRXUVHV

± 
DOWKRXJKÀRZLQIRUPDWLRQLVQRWDOZD\VFRQWLQXRXVRUDYDLODEOHLQFRQVLVWHQWORFDWLRQV +DUWOH\
and Greve 2005). Data were collected either by SPU or the U.S. Geological Survey. The data were
XVHGWRJHQHUDWHWLPHVHULHVJUDSKVRIÀRZFRQGLWLRQVDQGFDOFXODWLRQVRIPHDQSHDNDQGORZ
ÀRZVZKHUHVXFKGDWDZHUHDYDLODEOH

 A subcatchment and outfall inventory was conducted in 2002 to identify the subbasins delivering
VWRUPZDWHUWRWKH¿YHPDMRUZDWHUFRXUVHV7KHLQYHQWRU\GHOLQHDWHVWKHVSHFL¿FDUHDVFRQWULEXWLQJ
VWRUPZDWHUÀRZVDQGWKHGLVFKDUJHSRLQWZKHUHÀRZVHQWHUHDFKZDWHUFRXUVH



Permeability GDWD LGHQWLI\ WKH DELOLW\ RI VXEVXUIDFH VRLOV WR DEVRUE ZDWHU WKURXJK LQ¿OWUDWLRQ
affecting the amount of runoff that can be generated during a storm. Geologic data for each of
6HDWWOH¶V¿YHPDMRUZDWHUFRXUVHVZHUHREWDLQHGIURPWKH3DFL¿F1RUWKZHVW&HQWHUIRU*HRORJLF
Mapping Studies at the University of Washington. Permeability data were used for an analysis of
runoff production from Seattle watersheds.

 Seattle topography data, which provide the relief of the land, were used to calculate slope.

This

information was also used for an analysis of runoff production from Seattle watersheds.

 Impervious surfaces are surfaces that are impermeable to water and prevent water from reaching the
underlying soils, such as concrete, asphalt, and buildings. Impervious surface information, based
on 2002 LANDSAT data from the University of Washington Urban Ecology Research laboratory
$OEHUWLHWDO ZDVXVHGWRDVVHVVWKHGHJUHHWRZKLFKLQ¿OWUDWLRQLVSRVVLEOHLQ6HDWWOH¶V¿YH
major watersheds. This information was used to analyze runoff production from the watersheds.
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Data Analysis
Runoff production was analyzed to estimate the potential for a subcatchment (i.e., an area of land
GUDLQLQJWRDVLQJOHVWRUPGUDLQRXWIDOOLQDZDWHUFRXUVH WRGHOLYHUODUJHUVWRUPZDWHUÀRZVWR6HDWWOH¶V
major watercourses at increased rates. The runoff production potential qualitative analysis examined
UHOHYDQW ODQGVFDSH FKDUDFWHULVWLFV WKDW VKDSH LQVWUHDP ÀRZV LQFOXGLQJ ERWK QDWXUDO DQG PDQPDGH
IHDWXUHV  %HFDXVH WKH YROXPH DQG WLPLQJ RI VWUHDP ÀRZV KHDYLO\ LQÀXHQFH KDELWDW FRQGLWLRQV WKLV
analysis was used to identify the areas that may be contributing the most to altered hydrology in the
ZDWHUFRXUVHV DOWKRXJK WKH DQDO\VLV LV QRW UHOHYDQW IRU VLWHVSHFL¿F HYDOXDWLRQV   &XUUHQWO\ WKHVH
HVWLPDWHVVHUYHDVDSODFHKROGHUXQWLOPRUHFRQVLVWHQWDQGFRPSUHKHQVLYHÀRZPRQLWRULQJUHFRUGVDUH
DYDLODEOHWRDXJPHQW±ÀRZLQIRUPDWLRQ,QDGGLWLRQEHFDXVHWKLVDQDO\VLVIRFXVHVRQERWK
natural and manmade landscape features, some areas could be estimated as having high runoff potential
based on natural characteristics such as land slope and geology rather than manmade alterations.
Runoff production is related to both biophysical factors and characteristics of urban development.
Physical factors included in the analysis are land area of each subcatchment, geology, and slope. In
addition, the amount of impervious surfaces, the presence of detention structures, storm drainage
infrastructure (i.e., density and pattern of storm sewers and ditches), road density, and land use (especially
commercial use) were also considered for inclusion in the analysis as indicators of urban development.
Ultimately, impervious surface area was chosen as the preferred measure of urban development. For
the amount of impervious surface, only percentages were included because of limited data availability,
given the high degree of overlap between several of the other measures. Therefore, each subcatchment
was rated for its runoff production potential based on the following characteristics:

 Impervious surface area (percentage of the total subcatchment area)
 Slope
 Drainage area
 Permeability of surface soils, such as sand, clay, or bedrock.
Each of these factors was ranked on a scale of 1 to 10, with 1 having the highest potential to contribute
ODUJHUÀRZVRUGHOLYHUVWRUPZDWHUPRUHTXLFNO\FRPSDUHGWRRWKHUVXEFDWFKPHQWV )LJXUH ,QGLYLGXDO
factor ratings were then averaged to produce an overall runoff production potential rating for each
subcatchment. These ratings were converted to qualitative categories for reporting in Part 4 of this
volume.
The analysis results are presented in a runoff potential and erosion stage map for each watercourse,
included in the map folio accompanying this report. The ranking criteria and summary of ranking
scores are provided in Appendix F.

Figure 9. Scoring framework used to rate runoff potential.
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Water Quality Assessment Methods
Water quality regulations have been developed both at the state and federal level, and are highly technical
in nature. This section is based on these regulations. Water quality data for small watercourses in the
Seattle area are fairly limited, and long-term records (i.e., greater than ten years) are available only
for the three largest watercourses (Longfellow Creek, Piper’s Creek, and Thornton Creek). Sediment
quality data are only available for Thornton Creek, therefore this analysis focuses almost entirely on
water quality.
The largest source of information is the data from King County’s Stream Monitoring Program. As
part of this program, King County has been collecting water quality samples each month from four
stations in Piper’s Creek, one station in Thornton Creek, and two stations in Longfellow Creek since
1988, 1974, and 1973, respectively. All of the data from 1996 through 2005, along with data for select
parameters for the entire period of record (including dissolved oxygen, temperature, total suspended
solids, turbidity, and fecal coliform bacteria), were compiled and reviewed for this report.
These data generally provide a good record of water quality at these
Water quality indicators
seven stations for several conventional water quality indicators
are selected chemical and
(e.g., temperature, dissolved oxygen, and fecal coliform bacteria).
physical parameters and
However, metals data from King County are available only for
indices that can be used
three of the seven stations. Of these three stations, metals are
to characterize overall
conditions in the receiving
analyzed monthly at the Thornton Creek station and semiannually
water; they also provide
(twice per year) at the Piper’s Creek station near the mouth. King
benchmarks for assessing
County discontinued metals analysis in Longfellow Creek in 2003.
the success of watershed
With the exception of the King County data and a few regional
PDQDJHPHQWHIIRUWV
studies conducted by the U.S. Geological Survey on Longfellow
Creek and Thornton Creek, long-term information on the levels of metals and toxic organic pollutants
present in Seattle-area watercourses is generally not available.
In 2004 and 2005, the Washington Department of Ecology (Ecology) also began to monitor water
quality in Fauntleroy Creek, Longfellow Creek, and Thornton Creek. Preliminary data for 2005 from
)DXQWOHUR\ &UHHN DQG ¿QDO GDWD IRU  IURP /RQJIHOORZ &UHHN DQG 7KRUQWRQ &UHHN KDYH EHHQ
compiled for this analysis.
Compared to the extensive habitat assessment effort that SPU has
Prespawn mortality occurs
undertaken over the past 5 years, SPU’s role in monitoring receiving
when adult salmon returning
water quality in the Seattle area has been fairly modest. These
to fresh water die before they
efforts have consisted of collecting two or three stormwater samples
DUHDEOHWRVSDZQ
per year from four stations in Longfellow Creek and Piper’s Creek
since about 1999, along with several small, focused studies to support the ongoing regional coho prespawn
mortality investigation, and to assess the performance of stormwater treatment best management practices
based on samples collected within the storm drain system, not in the watercourses. These studies have
generally focused on several conventional water quality indicators (e.g., temperature, dissolved oxygen,
and fecal coliform bacteria), along with pollutants commonly found in urban stormwater runoff (e.g.,
metals and total petroleum hydrocarbons).
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For the purposes of this analysis, data from all sources have
For the purposes of this report,
been combined to evaluate water quality conditions in Seattlethe King County and Ecology
area receiving water bodies. Sampling techniques and protocols
samples are called non-storm
often differ among the various data sources. For example, King
ÀRZVDPSOHVDQG638VDPSOHV
DUHFDOOHGVWRUPÀRZVDPSOHV
County and Ecology generally collect grab samples from streams
on a monthly schedule. Samples may be collected during storm
or non-storm conditions, and weather conditions during the sampling event are not always recorded.
However, a review of rainfall records from the University of Washington rooftop gauge indicate that the
2004–2005 Ecology samples were usually collected on days with little or no rain. For example, 27 of the
40 sampling events occurred on days with no rainfall for the 24 hours preceding the event and during the
VDPSOLQJHYHQW5DLQIDOOH[FHHGHGLQFKHVIRURQO\¿YHRIWKHUHPDLQLQJVDPSOLQJHYHQWV.LQJ
County stream monitoring samples also are often collected on dry days. For the period 1985 to 2000,
approximately 85 percent of the routine monitoring samples were collected on days with no rain.
In contrast, SPU samples are collected during storm events and consist of three to four grab samples
WKDWDUHPDQXDOO\FRPSRVLWHGLQSURSRUWLRQWRÀRZWRFKDUDFWHUL]HHYHQWPHDQSROOXWDQWFRQFHQWUDWLRQV
(EMC). Although sampling techniques vary, these data are useful in characterizing water quality
FRQGLWLRQV  :KHUH DSSURSULDWH WKH GLIIHUHQFHV LQ ZDWHU TXDOLW\ FKDUDFWHULVWLFV XQGHU GLIIHUHQW ÀRZ
FRQGLWLRQV HJVWRUPÀRZYHUVXVQRQVWRUPÀRZVDPSOHV DUHKLJKOLJKWHGDQGGLVFXVVHG
Water quality monitoring has not been conducted in Taylor Creek or in other small watercourses such
as Schmitz Creek or Puget Creek. Consequently, knowledge of water conditions in these watercourses
is incomplete. While water and sediment quality are extremely important aspects of aquatic conditions
for humans and plants and animals in Seattle, the ability to accurately describe existing conditions is
limited by the data available.

Water Quality Indicators
Water quality indicators are selected chemical and physical parameters and indices that can be used to
characterize overall conditions in the receiving water, and also provide benchmarks for assessing the
VXFFHVVRIZDWHUVKHGPDQDJHPHQWHIIRUWV7DEOHVXPPDUL]HVWKHXVHVEHQH¿WVDQGZDWHUTXDOLW\
indicators used in this assessment to evaluate the overall conditions in Seattle watercourses. Background
information on water quality indicators is provided in Part 2, A Brief Primer on Stream Ecosystems.
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7DEOH8VHVDQGEHQH¿WVRI6HDWWOHDTXDWLFUHVRXUFHVDQGWKHLUZDWHUTXDOLW\LQGLFDWRUV

Use

Key Water Quality
Indicators

Benefit

Contact recreation

Providing suitable water quality and sediment quality
for human use of surface waters for contact recreation,
including swimming, wading, snorkeling, and diving.

Fecal coliform bacteria

Passive recreation

Providing opportunities for people to enjoy walking and
hiking, playing, observing wildlife and connecting with
nature.

Total petroleum hydrocarbons
(e.g., visible sheens)

Human
consumption

Providing suitable water quality and sediment quality
for fish and shellfish harvesting.

Metals and organic compounds

Aesthetics

Preventing visual and odor-related degradation of
surface waters to protect their aesthetic value.

Total petroleum hydrocarbons

Aquatic health

Providing water quality and sediment quality conditions
to support valuable aquatic species.

Conventional parameters
(dissolved oxygen,
temperature, pH, nutrients),
metals, organic compounds

Data Compilation
Information for this assessment was obtained from the following sources:

 King County data for Thornton Creek, Piper’s Creek, and Longfellow Creek from the Stream
Monitoring Program (King County 2006b), as well as a microbial source tracing study in Thornton
Creek (King County 2001).

 SPU stormwater sampling in Longfellow Creek and Piper’s Creek (Reed et al. 2003)
 U.S. Geological Survey investigations of water and sediment quality in Longfellow Creek and
Thornton Creek (Voss and Embrey 2000; MacCoy and Black 1998; Voss et al. 1999)

 A Department of Ecology source tracing study in Piper’s Creek (Olsen 2003)
 Department of Ecology data for Fauntleroy Creek, Longfellow Creek, and Thornton Creek (Ecology
2006d).
Table 4 lists the data sources used in this report. Monitoring station locations are shown on the surface
water monitoring station map for each watercourse, included in the map folio accompanying this
report.

Data Quality Assurance Review
To identify the data sources of acceptable quality for the purpose of assessing water quality conditions,
WKHDYDLODEOHGDWDZHUHVXEMHFWWRDGDWDTXDOLW\DVVXUDQFHUHYLHZSULRUWRXVH(OHFWURQLFGDWD¿OHV
were examined to verify that the data had been checked for quality and accuracy (i.e., quality assurance
DQG TXDOLW\ FRQWURO >4$4&@ YHUL¿FDWLRQ   :KHUH SRVVLEOH ZULWWHQ UHSRUWV ZHUH DOVR H[DPLQHG WR
characterize the level of data quality and accuracy review performed.
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Piper-UP
KTAH01
KTAH02
Piper-DN
KSHZ06
KTAH03
Venema
PI1 - PI18
–
09K070

3
1
1
3
1
1
3
5
8
2

g

f

¥

¥

¥

¥
¥
¥

¥

¥
¥
¥

¥
¥

¥

¥
¥

¥
¥

¥
¥
¥

¥

Storm Flow
¥

¥

¥
¥

Sediment
1988
2004–present

2000–present
1988–present
1988–present
2000–present
1993–present
1988–present
2000–present
7/7/03

Cg
G
G
Cg
G
G
Cg
G
G
G

2003–present
1999–2001
1979–present
5/14/1998
1979–present
12/01–2/04
2004–present

¥

April–May 2001
1976–present
5/14/1998
Sep–95
5/14/1998
5/14/1998
2003–present

Period of Record

G
Cg
G
Cg
G
Cg
Cg

G
G
Cg
–
Cg
Cg
G

Frequency
(samples/year)
2
12

2-3
12
12
2-3
12
12
2-3
1

12
2-3
12
1
12
2-3
2-3

1
12
1
1
1
1
12

Quality Assurance
Category
1

2
1
1
2
1
1
2
1

1
2
1
1
1
2
2

1
1
1
1
1
1
1

¥

¥
¥
¥
¥
¥
¥
¥

¥
¥
¥

¥
¥
¥

¥

¥

Temperature

Dissolved metals analyzed semi-annually
Organic compounds analyzed during 3 storms in October and November, 2004
Flow-proportioned composite comprised of 2–3 grab samples collected during storm event

08J090
LF-Graham
J370
12113488
C370
LF-Yancy
LF-98B

2
3
1
6
1
3
3

e

TH1-TH15
0434
12128000
12128000
12127700
12127800
08M070

Station ID

4
1
6
7
6
6
2

Reference

G = grab sample C = composite sample
a
Organic compounds analyzed in select 2002–2003 samples.
b
Discontinued in 2002
c
Discontinued in 2003
d
Total metals analyzed quarterly

Thornton Creek
Multiple stations
Near mouth
Near mouth
Near mouth
North branch below golf course
South branch at 30th Ave NE
South branch at NE 107th St
Longfellow Creek
24th-25th Ave SW
SW Graham St
SW Brandon St
SW Brandon St
SW Yancy St
SW Yancy St
West Seattle Golf Course
Piper's Creek
Upstream of orchard
Upstream of treatment plant
Upstream of Venema
Downstream of Venema
Near mouth
Venema Creek
Venema Creek
Multiple stations
Fauntleroy Creek
Mouth, 45th Ave SW, SW Barton,head
Near mouth

Location

Non-storm Flow

Table 4. Water quality sampling stations in Seattle watercourses.

Type of Sample

Dissolved Oxygen
¥

¥
¥
¥
¥
¥
¥
¥

¥
¥
¥

¥
¥
¥

¥

¥

Coliform Bacteria
¥
¥

¥
¥
¥
¥
¥
¥
¥
¥

¥
¥
¥

¥
¥
¥

¥

¥
¥

Other Conventional
Parameters
¥

¥

¥

¥
¥

¥
¥
¥

¥
¥
¥

¥

¥

Metals, Total
¥

¥

¥
¥d

¥

¥b
¥
¥

¥
¥
¥b

¥

¥

¥

¥

¥
¥e

¥

¥c
¥
¥

¥
¥

¥

¥

Metals, Dissolved

¥

¥

¥

¥
¥
¥
¥

¥

¥
¥
¥
¥

¥f

¥

¥a
¥
¥
¥
¥
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King County (undated) and Frodge (2006)
Ecology (undated)
SPU (undated)
King County (2001a)
Olsen (2003)
Voss and Embrey (2000)
MacCoy and Black (1998)
Kendra (1988)

¥

¥
¥
¥
¥
¥
¥
¥

¥
¥
¥

¥
¥
¥

¥
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Based on this review, the compiled data from each source were placed into one of three categories:

 Data of known and acceptable quality (category 1)  4XDOLW\ DVVXUDQFH LQIRUPDWLRQ IURP ¿HOG
sampling and laboratory analysis is included in the summary report for the particular source.
7KLVTXDOLW\DVVXUDQFHLQIRUPDWLRQKDVEHHQUHYLHZHGDJDLQVWVSHFL¿FSUHGH¿QHGREMHFWLYHVIRU
assessing data quality. Based on this review, qualifying remarks are assigned to those data that do
QRWPHHWTXDOLW\DVVXUDQFHREMHFWLYHV'DWDKDYLQJPLQRUTXDOLW\DVVXUDQFHLVVXHVDUHLGHQWL¿HGLQ
summary tables and analyses. Data having severe quality assurance issues are excluded from all
data summaries or analyses.

 Data believed to be of acceptable quality (category 2)4XDOLI\LQJUHPDUNVDUHDVVLJQHGWRVSHFL¿F
GDWDWRLQGLFDWHWKHSUHVHQFHRITXDOLW\DVVXUDQFHLVVXHV+RZHYHUWKHVSHFL¿FTXDOLW\DVVXUDQFH
REMHFWLYHV IRU WKH GDWD DUH QRW FOHDUO\ LGHQWL¿HG DQG TXDOLW\ DVVXUDQFH LQIRUPDWLRQ IURP ¿HOG
sampling and laboratory analysis is not presented along with the data.

 Data of unknown quality (category 3):

Qualifying remarks are not assigned to any data to indicate
WKH SUHVHQFH RI TXDOLW\ DVVXUDQFH LVVXHV  1R LQIRUPDWLRQ LV SUHVHQWHG RQ WKH VSHFL¿F TXDOLW\
DVVXUDQFH REMHFWLYHV IRU WKH GDWD DQG TXDOLW\ DVVXUDQFH LQIRUPDWLRQ IURP ¿HOG VDPSOLQJ DQG
laboratory analysis is not presented along with the data.

'DWD VRXUFHV DVVLJQHG FDWHJRU\  DQG  FODVVL¿FDWLRQV DUH LQFOXGHG LQ WKLV VXPPDU\ UHSRUW ZKLOH
category 3 data are excluded. Based on this review process, data collected prior to 2000 by SPU are
excluded from further analysis here. The more recent SPU data are included, although these data are
DVVLJQHGDFDWHJRU\FODVVL¿FDWLRQEHFDXVHWKH\KDYHQRWEHHQIXOO\YHUL¿HGWKDWLVTXDOLW\DVVXUDQFH
information exists but has not yet been fully reviewed. The categories assigned to the respective data
sources are listed in Table 4.

Data Analysis
The data compiled for this report were used to conduct the following analyses:

 Comparison of sample results to Washington state water quality standards and other applicable
criteria to evaluate overall toxicity to aquatic organisms

 Plotting of time series graphs to check overall trends in water quality conditions for key water
quality parameters



Calculation of summary statistics (including arithmetic mean, median, minimum, maximum,
FRQ¿GHQFHOLPLWVDQGER[SORWV

&RPSDULVRQRIVWRUPÀRZYHUVXVQRQVWRUPÀRZGDWDWRHYDOXDWHWKHLPSDFWVRIXUEDQUXQRIIRQ
stream water quality.
Water quality standards, plotting of time series graphs, and summary statistic calculations are discussed
separately in the following subsections.
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Comparison to State Water Quality Standards
The Washington state water quality standards (Washington Administrative Code [WAC] 173-201A) provide
benchmarks for evaluating water quality conditions in Seattle-area receiving water bodies. The state standards
assign both quantitative and qualitative criteria to a water body, for protection of public health and aquatic
OLIHLQIUHVKZDWHUDQGPDULQHZDWHUV\VWHPVEDVHGRQVSHFL¿FRUGHVLJQDWHGXVHV(VWDEOLVKHGGHVLJQDWHG
XVHVRIZDWHUERGLHVLQFOXGHSXEOLFUHFUHDWLRQ HJ¿VKLQJERDWLQJDQGVZLPPLQJ DHVWKHWLFEHQH¿WV
FRPPHUFHDQGQDYLJDWLRQDVZHOODVWKHSURSDJDWLRQDQGSURWHFWLRQRI¿VKVKHOO¿VKDQGZLOGOLIH
The state freshwater standards apply to Seattle-area urban watercourses and lakes (including Lake
Washington and Lake Union), while the marine standards apply to Puget Sound and the estuarine
portion of the Duwamish Waterway. Standards have been established for many conventional water
quality indicators (including temperature, dissolved oxygen, turbidity, pH, and fecal coliform bacteria),
as well as toxic substances (e.g., metals, organic compounds, and radioactive materials).
Exceedance of a criterion within a water body does not necessarily mean that the water quality standard
has been violated. Often, other polluting conditions must exist for a watercourse segment to be in
violation of water quality standards. For example, if the natural conditions of a water body fail to meet
the established water quality criteria, then the natural conditions are accepted as the water quality criteria
for that water body. In addition, the Department of Ecology requires more than a single exceedance of
a water quality criterion before a water body is formally listed as impaired (under Section 303(d) of the
federal Clean Water Act; see additional details below).
For toxic substances, two levels of protection have been established to prevent injury or death to aquatic
organisms: the acute toxicity criteria and chronic toxicity criteria. The acute toxicity criteria are based
on short-term exposures. Depending on the chemical, the acute criterion can be the instantaneous
maximum concentration that cannot be exceeded at any time, or a 1-hour average concentration, or a
KRXUDYHUDJHFRQFHQWUDWLRQ7KHFKURQLFWR[LFLW\FULWHULRQUHÀHFWVWKHORQJWHUPH[SRVXUHOLPLW
which can range from 24-hour duration up to 4-day duration. For this analysis, samples are compared
to both the acute and chronic toxicity criteria.
Ecology revised the state water quality standards in 2006. The 2006 rules are used in this report where the
samples were collected appropriately to allow comparison to the 2006 revised criteria. The 1997 rule is
used where the existing data are not directly comparable to the 2006 rule. For example, the temperature
criterion in the 2006 rule is based on the 7-day average of the daily maximum temperatures, while the
1997 rule is based on a single measurement. Most of the available data for water temperature were
collected on a monthly basis and therefore cannot be compared to the 2006 criterion. Consequently,
WKHVHGDWDDUHFRPSDUHGWRWKHWHPSHUDWXUHFULWHULRQ7KHEHQH¿FLDOXVHGHVLJQDWLRQVWKDWDSSO\
to Seattle watercourses under the 1997 and 2006 rules are listed in Table 5.
Under Section 303(d) of the Clean Water Act, water quality standards must be used to identify
threatened and impaired water bodies. Category 2 (threatened) water bodies are those that occasionally
exceed water quality standards, while category 5 (impaired) water bodies are those that frequently
exceed standards. Impaired water bodies are required to be evaluated to identify the pollutants and
sources responsible for the water quality problems. Total maximum daily load (TMDL) values are
WKHQHVWDEOLVKHGDQGDOORFDWHGWRVSHFL¿FSROOXWDQWVRXUFHVLQRUGHUWRUHGXFHSROOXWDQWGLVFKDUJHVDQG
move toward meeting water quality standards. Table 6 shows the water bodies in the Seattle area that
currently are included on the state 303(d) list.
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7DEOH%HQH¿FLDOXVHGHVLJQDWLRQVDSSOLFDEOHWR6HDWWOHZDWHUFRXUVHVXQGHUVWDWHZDWHU
quality standards.
2006 Amended Standards

Boating

Aesthetics

Commercial/Navigation

Fish Harvesting

Miscellaneous
Use

Wildlife Habitat

Agricultural Water Supply
and Stock Watering

Industrial Supply

Water Supply
Uses

Domestic Supply

Primary Contact Recreation

Extraordinary Contact
Recreation

Recreational
Use
Rearing and Migration Only c

Spawning, Rearing and
Migration b

Core Summer Habitat a

Aquatic
Life

Char

Lake Class

Class A

Class AA

1997
Standards

Fauntleroy
Creek
Longfellow
Creek
Piper’s Creek
Taylor Creek
Thornton
Creek
a

Summer (June 15–September 15) salmonid spawning or emergence, adult holding; used as important summer rearing
habitat by one or more salmonids or foraging by adult and sub-adult native char; spawning outside the summer season;
rearing and migration by salmonids.
Salmon or trout spawning and emergence that occurs only outside the summer season (September 16–June 14); rearing and
migration by salmonids.
Used for rearing and migration only, not used for spawning.

b
c

Table 6. Clean Water Act Section 303(d) list of threatened and impaired watercourses in
the Seattle area.

Fauntleroy Creek
Longfellow Creek
Piper’s Creek
Thornton Creek

Category 2
(Threatened)

Category 5
(Impaired)

–
Dissolved oxygen, temperature, pH
Turbidity (Venema Creek)
pH, mercury

Fecal coliform bacteria
Fecal coliform bacteria, dissolved oxygen
Fecal coliform bacteria a
Fecal coliform bacteria, temperature, dissolved oxygen

Source: Ecology 303(d) list query tool: http://www.ecy.wa.gov/PROGRAMS/wq/303d/2002/2002-index.html.
a.
Classified as category 4A for a water body with an approved TMDL. In 1992, EPA issued a programmatic total maximum
daily load (TMDL) for fecal coliform bacteria in Piper’s Creek based on the 1991 Watershed Action Plan.

It has not always been possible to conclusively assess water quality conditions in Seattle-area
watercourses for ammonia toxicity and dissolved metals because of the following factors:

 Water quality criteria for ammonia vary with pH and temperature, and for some metals the standards
are based on hardness. Because these ancillary parameters have not been analyzed or reported for all
samples, it is not always possible to make a direct comparison with current water quality criteria.
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 Although reporting detection limits (RDLs) have generally improved over the years, they often
vary among laboratories. However, the detection limits for some pollutants (e.g., cadmium,
mercury, selenium, and silver) often exceed the numerical water quality standard. This means that
lower levels of these metals may not show up during testing, even though the lower levels may be
above the regulatory criteria. As described below in the summary statistics section, these data are
FHQVRUHGRUTXDOL¿HGDQGDUHÀDJJHGZLWKHLWKHUD8 or a <RDLTXDOL¿HU,WLVGLI¿FXOWWRHYDOXDWH
water quality conditions when a majority of the data are censored, particularly when the RDL is
higher than the water quality standard.

 In

1992, the context for the state water quality criteria for metals was changed from a total
recoverable basis to a dissolved fraction basis. Sampling protocols often were not immediately
PRGL¿HGWRUHÀHFWWKLVFKDQJH$VDUHVXOWLWLVRIWHQGLI¿FXOWWRFRPSDUHPHWDOVUHVXOWVWRFXUUHQW
water quality standards, because dissolved metals were not analyzed in all of the samples.

Criteria and Benchmarks for Nutrients
Phosphorus and nitrogen compounds are the primary nutrients of concern in stormwater runoff. Their
sources in urban runoff include fertilizers, animal wastes, leaking septic tanks, sanitary sewer crossconnections, detergents, organic matter such as lawn clippings and leaves, eroded soil, road de-icing
salts, and automobile emissions.
Concerns regarding phosphorus include stimulation of algal blooms and excessive plant growth in lakes and
marine waters. When algae and plant material die and begin to decompose, dissolved oxygen concentrations
LQWKHZDWHUFDQEHFRPHGHSOHWHG6RPHIRUPVRIDOJDHDUHWR[LFWR¿VKDQGRWKHUDTXDWLFRUJDQLVPV
$PPRQLDQLWURJHQLVWR[LFWR¿VKDQGRWKHUDTXDWLFRUJDQLVPV,QDGGLWLRQDPPRQLDQLWURJHQFDQ
deplete dissolved oxygen concentrations in water systems as it oxidizes to nitrite and nitrate through the
QLWUL¿FDWLRQSURFHVV/RZGLVVROYHGR[\JHQOHYHOVFDQVWUHVVRUNLOO¿VKDQGRWKHUDTXDWLFRUJDQLVPV
The state water quality standards (WAC 173-201A-240) list ammonia as a toxic substance. Numerical
standards for ammonia are based on water temperature and pH. The most stringent criterion protects
spawning, core rearing, and migration of salmon and trout, as well as other associated aquatic life.
Total ammonia includes the un-ionized component of ammonia (NH3 ZKLFKXQGHUVSHFL¿FFRQGLWLRQV
of temperature and pH can be toxic to aquatic life, plus the ionized form (NH4+), which is not toxic.
The un-ionized component of ammonia increases with higher pH and temperature values. Un-ionized
ammonia is degraded to nitrates through biological processes.
Table 7 provides total ammonia toxicity criteria for protection of aquatic life, correlated with typical
pH values measured in Seattle-area surface waters and based on the state water quality standard for
temperature (17.5°C). The acute toxicity criterion is applicable to the presence or absence of salmonids;
the chronic toxicity criterion is applicable to the presence or absence of salmonid habitat.
The acute criterion is applied as a one-hour average concentration of total ammonia nitrogen (in
milligrams per liter [mg/L]) not to be exceeded more than once every 3 years on average. The chronic
criterion is applied as a 30-day average concentration of total ammonia nitrogen (in mg/L) not to be
exceeded more than once every 3 years on average. The highest 4-day average within the 30-day period
should not exceed 2.5 times the chronic criterion. The temperature used to calculate the water quality
standard is based on the 7-day average of the daily maximum temperatures.
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Table 7. Total ammonia water quality criteria for protection of aquatic life.

Instream pH Level
Salmonids
Salmonids present
Salmonids absent
Salmon Habitat
Existing or designated use
Not designated salmon habitat, and
other fish early life stages present
Not designated salmon habitat, and
other fish early life stages absent

Acute Toxicity (mg/L)a
6.5
7.5
8.5

Chronic Toxicity (mg/L)a
6.5
7.5
8.5

33
49

13
20

2.1
3.2

–
–

–
–

–
–

–
–

–
–

–
–

2.1
7.4

2.1
2.7

0.43
0.10

–

–

–

7.4

2.7

0.10

a

Based on the maximum aquatic life temperature criterion in fresh water for salmon and trout spawning, core rearing, and
migration, of 17.5°C (WAC 173-201A-200(1)(c)).
The acute toxicity criterion is applicable to the presence or absence of salmonids, and the chronic toxicity criterion is
applicable to the presence or absence of salmonid habitat.
mg/L = milligrams per liter.

$GGLWLRQDOQXWULHQWVRIVLJQL¿FDQFHIRUZKLFKVWDWHZDWHUTXDOLW\VWDQGDUGVKDYHQRWEHHQHVWDEOLVKHG
are total phosphorus and total nitrogen. While no state standards currently exist for these parameters,
associated water quality criteria have been developed by the U.S. Environmental Protection Agency
(U.S. EPA) to address human-induced eutrophication. (Eutrophication refers to the addition of
nutrients, especially nitrogen and phosphorus, to a body of water, resulting in high organic production
UDWHVWKDWPD\RYHUFRPHQDWXUDOVHOISXUL¿FDWLRQSURFHVVHV 7KHWRWDOSKRVSKRUXVDQGWRWDOQLWURJHQ
criteria, which are protective of aquatic life and recreational uses, are empirically derived to represent
FRQGLWLRQVLQVXUIDFHZDWHUVWKDWDUHPLQLPDOO\DIIHFWHGE\KXPDQDFWLYLWLHV 86(3$ ,Q3DFL¿F
Northwest lakes, phosphorus is usually the limiting nutrient (i.e., when phosphorus is exhausted, plant
growth ceases), but in general, higher nitrogen concentrations are also associated with more biologically
productive lakes. Phytoplankton growth in lake waters of temperate lowland areas is generally
phosphorus-limited (King County 1999). Nitrate, nitrite, and ammonium are forms of nitrogen used by
phytoplankton. Nitrogen in its various forms is considered to be the limiting nutrient in marine waters
(King County 2006a). Table 8 lists the available water quality benchmarks for total phosphorus and
total nitrogen used in this report.
Table 8. Total phosphorus and total nitrogen benchmarks for assessing water quality conditions.

Nutrient
Total phosphorus
Total phosphorus b
Total nitrogen b

Benchmark
(mg/L)
a

0.10
0.0195
0.34

Source
U.S. EPA (1976)
U.S. EPA (2000)
U.S. EPA (2000)

a

A desired goal to prevent nuisance plant growth in streams or other flowing waters not discharging directly to lakes or
impoundments (U.S. EPA 1976).
For sub-region 2, Puget Lowlands, based on the 75th percentile concentration for all reference streams in the region.
mg/L = milligrams per liter.

b
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When evaluating water quality conditions, it is important to
Benchmarks represent interim
select appropriate guidelines and thresholds. Because state
water quality criteria used solely
standards have not been established for total phosphorus
IRUWKLVDQDO\VLV%HFDXVHWKHVH
or total nitrogen, alternative guidelines are needed. For
benchmarks represent surface water
quality conditions that are minimally
the purposes of this analysis, the higher of the two total
LQÀXHQFHGE\KXPDQDFWLYLW\
phosphorus criteria (i.e., 0.1 mg/L, from U.S. EPA 1976) is
exceeding a benchmark does not
used as a benchmark to evaluate water quality conditions
necessarily indicate a violation of the
in Seattle watercourses. This higher level is expected to be
ZDWHUTXDOLW\FULWHULRQ
most useful in identifying the urban watercourses that are
most severely affected by nutrient over-enrichment. Lacking alternative criteria for total nitrogen, the
U.S. EPA (2000) value of 0.34 mg/L is used as a benchmark in this analysis, although it is recognized
that background total nitrogen exceeds this level in most Seattle watercourses.

Metals Criteria
7KH86(3$KDVLGHQWL¿HGPHWDOVDVSULRULW\SROOXWDQWVZLWKUHFRPPHQGHGZDWHUTXDOLW\FULWHULD
for the protection of aquatic life and human health in surface water: antimony, arsenic, beryllium,
cadmium, chromium (III and VI), copper, lead, mercury, methylmercury, nickel, selenium, silver,
thallium, and zinc.
The water quality standards for surface waters of the state of Washington (WAC 173-201A-240) list ten
toxic metals with criteria established for protection of aquatic life: arsenic, cadmium, chromium (III
and VI), copper, lead, mercury, nickel, selenium, silver, and zinc.
The state water quality standards provide metals criteria expressed in terms of the dissolved fraction in
the water column, except for the chronic exposure level for mercury and the chronic and acute exposure
levels for selenium, which are expressed in terms of the total fraction in the water column. The criteria
recommended by U.S. EPA for protection of human health in surface waters are also expressed in terms
of the total metal in the water column. Both the WAC and U.S. EPA criteria are referenced in this
report.
Table 9 lists water quality criteria for priority pollutant metals, including the most stringent criterion
when a criterion is recommended for protection of aquatic life and human health.
As noted previously, the toxicity of seven of the metals (cadmium, chromium [III], copper, lead, nickel,
VLOYHU DQG ]LQF  LV KDUGQHVVGHSHQGHQW  7KDW LV WKH VSHFL¿F WR[LFLW\ RI WKDW PHWDO GHSHQGV RQ WKH
hardness of the surface water at the time of sample collection. Figure 10 illustrates this relationship
using dissolved copper as an example. The water hardness values measured in Seattle watercourses
JHQHUDOO\LQGLFDWHWKDWQRQVWRUPÀRZVDPSOHVKDYHKLJKHUKDUGQHVVOHYHOVWKDQVWRUPÀRZVDPSOHV
DQGDUHWKHUHIRUHOHVVWR[LFWKDQVWRUPVDPSOHV7KHKLJKHUKDUGQHVVYDOXHVLQQRQVWRUPÀRZVDPSOHV
DUHDWWULEXWHGWRWKHJUHDWHULQÀXHQFHRIJURXQGZDWHUFRQWULEXWLRQV
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Table 9. Metals water quality criteria for protection of aquatic life and human health in
surface waters.
Protection of
Aquatic Life a,b

Total Metals

Dissolved Metals

Parameter (PgL)
Arsenic
Cadmium
Chromium (VI) e
Chromium (III) e
Copper
Lead
Mercury
Nickel
Silver f
Zinc
Antimony
Arsenic
Beryllium
Mercury
Selenium
Thallium

Protection of Human
Health

Chronic Exposure
Level c

Acute Exposure
Level d

190
0.79 c
10
132.9 c
8.37 c
0.47 c

360
1.4 d
15
264 d
7.4 d
16 d
2.1
670 d
0.683 d
51.5 d

116 c
47.1 c

Consumption of Water +
Organism

5.6 g
0.018 g
4h
0.012
4.6

18.4
0.24 g

a
b

State water quality criteria for metals (WAC 173-201A-240).
Water quality criteria for metals are based on the dissolved fraction except for selenium and the chronic toxicity criteria for
mercury.
c
The freshwater criterion for this metal is expressed as a function of hardness (mg/L) in the water column. The value given
here corresponds to the 15th percentile hardness (70 mg/L as CaCO3) for non-storm flow conditions.
d
The freshwater criterion for this metal is expressed as a function of hardness (mg/L) in the water column. The value given
here corresponds to the 15th percentile hardness (40 mg/L as CaCO3) for storm flow conditions.
e
Due to difficulty meeting holding times and method detection limits, chromium, total measured as dissolved is use as a
surrogate for chromium (VI) and chromium (III). Should chromium, total measured as dissolved, exceed 10 Pg/L,
additional analysis may be needed.
f
An instantaneous concentration not to be exceeded at any time.
g
These criteria are published pursuant to Section 304(a) of the Clean Water Act (CWA) and provide guidance for states and
tribes to use in adopting water quality standards.
h
This criterion is from the State Drinking Water Maximum Contaminant Level (WAC 246-290-310).
PgL = micrograms per liter.
mg/L = milligrams per liter.

Time Series Analysis
Time series analyses are simple graphs of chemical concentration through time. These graphs are
used in several instances in this report and its appendices. The overall scatter and distribution in the
chemical values provide an indication of general trends and variability in the sample population. Where
appropriate, water quality criteria are shown on the time series graphs. A special notation is used on
the graphs for water quality criteria that are calculated based on other parameters; for example, criteria
for some metals are based on the hardness of the water and ammonia, which is pH- and temperaturedependent. A sample result that exceeds a calculated criterion is shown with an asterisk (*) adjacent
WRWKHGDWDSRLQW$VDPSOHUHVXOWWKDWH[FHHGVDFULWHULRQWKDWLVQRWFDOFXODWHGFDQEHLGHQWL¿HGE\LWV
location with respect to the benchmark or water quality criterion indicated on the graph.
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Figure 10. Dissolved copper water quality criteria correlated to water hardness.
The hardness-dependent chronic toxicity water quality criteria for cadmium, copper, lead, nickel, silver,
and zinc shown for each sampling date are determined using the minimum hardness for samples collected
on that sampling date. If a hardness value is not available for a sampling date, the chronic toxicity
criterion is calculated using the minimum hardness value for all samples. The metals concentration is
an exceedance only where noted with an asterisk.
The pH- and temperature-dependent total ammonia chronic toxicity water quality criterion shown for
each sample date is determined using the maximum pH and temperature values for the samples collected
on that sample date. If pH or temperature data are not available for a sample date, the maximum pH
and temperature values for that station are used to calculate the criterion. If that information is not
available, a pH value of 9 and temperature of 16°C are assumed. The ammonia concentration is an
exceedance only where noted with an asterisk.

Summary Statistics
A set of summary statistics was calculated for each water quality indicator to enable qualitative
comparisons among Seattle watercourses. Summary statistics are provided in Appendix B. The
following statistics were used in this analysis:

 Measures of central tendency or typical values (i.e., mean, median, and trimmed mean)
 Measures of sample spread or variability (i.e., overall range, interquartile range, and standard deviation)
 Extremes (i.e., minimum and maximum values, and 5th and 95th percentiles).
Special consideration is given to undetected values as they affect the summary statistics. Concentrations
of toxic pollutants in receiving waters are sometimes below the analytical laboratory’s ability to detect
WKHP7KHVHGDWDDUHFODVVL¿HGDVFHQVRUHGDQGUHTXLUHVSHFLDOFRQVLGHUDWLRQ
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 For some of these censored data, the analytical laboratory reports the result as undetected and
includes an estimated value less than the reporting detection limit (RDL). The estimated value is
used in these cases.

 In some cases the analytical laboratory reports the result with a < symbol preceding the RDL.

The

RDL value is used in these cases.

 In some cases, historical data were collected and
reported with a very high RDL. These data are
not included when it is clear that they may cause
erroneous conclusions.

Concentrations below the laboratory’s
GHWHFWLRQOLPLWVDUHFODVVL¿HGDVFHQVRUHG
DQGUHTXLUHVSHFLDOFRQVLGHUDWLRQ

$OORXWOLHUV LHYDOXHVZLGHO\GLYHUJHQWIURPWKHPDLQJURXSLQJRIYDOXHV DUHFXUUHQWO\FODVVL¿HGDV
suspected values; these were determined by visual examination of box and whisker plots. Figure 11
shows the format of a box and whisker plot, which is explained below.
$ER[SORWLVXVHIXOLQVXPPDUL]LQJODUJHTXDQWLWLHVRIGDWDWRRQO\¿YHQXPEHUV²WKHPHGLDQXSSHU
and lower quartiles, and minimum and maximum values. The box plot provides a quick visual summary
that easily shows center, spread, range, and any outliers, or outside values.



The bottom of the box, or lower hinge,
UHSUHVHQWVWKH¿UVWTXDUWLOHDQGLVWKDWSRLQW
above which three-fourths and below which
one-fourth of the values lie.

Extremes
Outer
Fence

 The top of the box, or upper hinge, represents
the third quartile and is that point above which
one-fourth of the values lie and below which
the other three-fourths of the values lie.

 The height of the box is called the H spread;
it is approximately equal to the interquartile
range (i.e., width of the central region of the
data set, encompassing approximately onehalf of the values).
7KH VWHS VL]H LV GH¿QHG DV  WLPHV WKH +
spread.

 The line that extends above (or below) the

Outliers

Inner
Fence
Mean
Median

H-Spread
(HS)

Non-outlier
Range

Inner
Fence
Outer
Fence

Outliers

Extremes

box is called the upper (or lower) whisker.

 The upper (or lower) whisker extends to the
highest (or lowest) value that is less than or
equal to one step away from the box.

Figure 11. Standard box and whisker plot

IRUPDWVXPPDUL]LQJGDWDFHQWHU

VSUHDGUDQJHDQGRXWVLGHYDOXHV

 Outside values are those between one and two steps away from the box; they are each marked with
an asterisk (*).

 Far-outside values are those that are more than two steps away from the box; they are each marked
with an o symbol.
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Comparison to Available Sediment Quality Standards
In addition to water quality analysis, sediment quality was also assessed for this report. However,
DPRQJWKH¿YHPDMRU6HDWWOHZDWHUFRXUVHVRQO\7KRUQWRQ&UHHNKDVVXI¿FLHQWGDWDIRUDVVHVVPHQWRI
sediment conditions. Sediment conditions in the other watercourses are not discussed here.
Washington state has not established standards for freshwater sediment. For the purposes of this
analysis, Thornton Creek sediment data are evaluated based on comparisons to the following sediment
quality criteria and guidelines.

Ontario Ministry of the Environment Sediment Quality Guidelines
Sediment quality guidelines have been established to protect bottom-dwelling (i.e., benthic) organisms.
7KHIROORZLQJWKUHHWKUHVKROGOHYHOVDUHGH¿QHG 3HUVDXGHWDO 

 No-effect level—The concentration at which no toxic effects have been observed in aquatic organisms
 Lowest-effect level—The concentration at which the majority of benthic organisms are unaffected
 Severe-effect level—The concentration at which pronounced disturbance of the sediment-dwelling
community can be expected.

National Oceanic and Atmospheric Administration Freshwater Sediment
Quality Guidelines
These guidelines, which are based on a compilation of sediment chemistry and biological effects in
freshwater sediments, were developed as a preliminary screening tool for evaluating sediment quality
(NOAA 1999). The guidelines establish the following three threshold levels:

 Threshold-effects level (TEL), which provides an estimate of the concentration at which adverse
effects are expected to occur only rarely, is calculated as the geometric mean of the 15th percentile
concentration of the toxic effects data set and the median of the no-effect data set.

 Probable-effects level (PEL), which provides an estimate of the concentration at which adverse
effects are frequently expected, is calculated as the geometric mean of the 50th percentile
concentration of the toxic effects data set and the 85th percentile of the no-effect data set.

 Upper-effects threshold (UET)

provides an estimate of the concentration at which adverse effects
would always occur based on the lowest adverse effects threshold (AET) from a compilation of
endpoints analogous to the marine AET endpoints; the UET is based on 1 percent total organic
carbon content in the sediment.
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Consensus-Based Standards for Freshwater Sediment
'HYHORSHGE\0DF'RQDOGHWDO  WKHVHJXLGHOLQHVHVWDEOLVKWZRWKUHVKROGFODVVL¿FDWLRQVHDFK
FDOFXODWHGDVWKHJHRPHWULFPHDQRIDOOWKHYDOXHVDVVLJQHGWRWKDWWKUHVKROGFODVVL¿FDWLRQ

 Threshold effects concentrations (TEC), concentrations below which adverse effects are not expected
to occur

 Probable effects concentrations (PEC), concentrations above which adverse effects are expected
to occur more often than not, based on a compilation of available sediment quality guidelines
reported in the literature.

Washington Department of Ecology Proposed Freshwater Sediment Quality Values
Cubbage et al. (1997) proposed values using the probable apparent effects threshold (PAET, calculated
as the 95th percentile of stations exhibiting no biological effects based on the Microtox bioassay) for
organic compounds, and the marine sediment management standards for metals.
The Department of Ecology is currently working to develop freshwater sediment quality standards.
Although much progress has been made in evaluating AET values calculated using the updated freshwater
sediment data, Ecology has not yet proposed freshwater sediment standards (Avocet 2003). For the
purposes of this report, the 1997 proposed freshwater quality values are used to evaluate sediment data
for Thornton Creek, the only watercourse with sediment data available.

Evaluating Conditions at the Stream Scale
This section discusses the methods used to evaluate riparian, instream, and biological conditions at
the stream scale. Again, the stream scale refers to conditions along or within the watercourse corridor
and streambed. The methods used to evaluate riparian, instream, and biological characteristics are
GLVFXVVHGLQGHWDLOEHORZ7KHHYDOXDWLRQVIRFXVRQWKH¿YHODUJHVWZDWHUFRXUVHVZLWKLQ6HDWWOH
6HDWWOHZDWHUFRXUVHVDUHFODVVL¿HGLQWRFKDQQHOW\SHV
for this analysis, based on watershed and channel
FRQGLWLRQV$OOXYLDOFKDQQHOW\SHVKDYHEHHQGH¿QHG
LQ WKH 3DFL¿F 1RUWKZHVW EDVHG RQ WKH IDFWRUV WKDW
shape stream morphology (or channel form), such
DV FKDQQHO JUDGLHQWV FRQ¿QHPHQW VXEVWUDWHV DQG
ÀRZV 0RQWJRPHU\ DQG %XI¿QJWRQ   
:KLOHPRVWFKDQQHOFODVVL¿FDWLRQZRUNKDVIRFXVHG
RQ PRXQWDLQ FKDQQHOV DQG ZDWHUVKHGV %XI¿QJWRQ
et al. (2003) relate previous work to channels in the
Puget Lowlands, which include the Seattle area.
Hence, channel types are used in these assessments
to compare the formerly natural stream conditions to
those that exist today (see Part 2 for a description of
channel types and habitat units).
Part 3

Assessing the State of the Waters

SPU biologist along Thornton Creek (photo
courtesy Seattle Municipal Archives)
49

City of Seattle State of the Waters 2007

Volume I: Seattle Watercourses

7KH FKDQQHO FODVVL¿FDWLRQV FRXSOHG ZLWK WKH UHVXOWV IURP GDWD FRPSLODWLRQ DQG FROOHFWLRQ HIIRUWV
have been synthesized to identify current habitat conditions. Habitat types, stream sediments, riparian
vegetation, stream corridor encroachment, stream bank armoring, and several other features are
discussed for each watercourse.
This report evaluates riparian and instream habitat conditions using indicators to measure the degree
to which aquatic habitat processes and attributes are disrupted in Seattle watercourses. The purpose
of these analyses is to evaluate the integrity of aquatic ecosystem processes as they are currently
IXQFWLRQLQJLQWKHVHXUEDQZDWHUFRXUVHV(DFKRIWKHVHDQDO\VHVLVEULHÀ\GLVFXVVHGEHORZZLWKPRUH
detailed information provided in the appendices.

Riparian Habitat Assessment Methods

Data Collection and Compilation
Riparian assessments were conducted in 2003 to evaluate the conditions of riparian vegetation along
6HDWWOH¶V¿YHPDMRUZDWHUFRXUVHV7KHFRQWLQXRXVVXUYH\FROOHFWHGGDWDRQULSDULDQH[WHQWFDQRS\DQG
understory composition, canopy density, stream shading, slope, and land use type.

Data Accuracy and Limitations
For this report, data were analyzed primarily at the reach scale, which
is well within the criteria for precision of each survey. However, the
riparian surveys were conducted in 2003, and riparian improvement
SURMHFWV LQVWDOOHG VLQFH WKDW WLPH DUH QRW UHÀHFWHG LQ WKH DQDO\VLV
mapping, and reporting in this document. More detailed descriptions
and information about data accuracy are provided in Appendix D.

A reach is a portion
of the watercourse
exhibiting homogeneous
characteristics and
IXQFWLRQV

Data Analysis
The purpose of the riparian habitat quality assessment is to identify riparian areas of high and low
quality. The riparian conditions assessment uses data from the riparian surveys to evaluate the integrity
of riparian ecosystem functions. As described in Part 2, these functions include providing a source of
instream structure and nutrients, stabilizing stream banks, increasing the sediment/water storage and
¿OWUDWLRQFDSDFLW\LQWKHÀRRGSODLQUHJXODWLQJZDWHUWHPSHUDWXUHVDQGSURYLGLQJZLOGOLIHKDELWDWIRU
terrestrial species. These analyses were conducted at the reach scale.

50

Part 3

Assessing the State of the Waters

City of Seattle State of the Waters 2007

Volume I: Seattle Watercourses

The integrity of each of these functions was evaluated through an assessment of the following
characteristics:

 Riparian width
 Riparian connectivity
 Understory and canopy composition
 Canopy density
 Stream cover.
To assess overall riparian conditions, each of these factors was assessed on a scale of 1 to 10, with
10 representing the best condition (Figure 12). These individual rankings were then averaged to
produce an overall riparian condition score for each reach, with riparian width, connectivity, and
canopy composition weighted twice as heavily as the other factors. Based on score distributions
and sample reaches, thresholds were developed to rank riparian quality as good, moderate, or poor.
Appendix F provides information on ranking criteria and reach scoring for riparian features. Assessment
results were then converted into qualitative categories; these are presented in Part 4 and illustrated in a
habitat quality map for each watercourse included in the map folio accompanying this report.

Figure 12. Scoring framework used to rate riparian conditions.

Instream Habitat Assessment Methods

Data Collection and Compilation
Data on stream habitat conditions were collected through a series of studies, from which information in
WKLVUHSRUWLVGUDZQDVEULHÀ\GHVFULEHGEHORZ0RUHGHWDLOHGGHVFULSWLRQVDQGLQIRUPDWLRQDERXWGDWD
accuracy are provided in Appendix D.

Stream Typing and Water Typing
6WUHDPW\SLQJDQGZDWHUW\SLQJZHUHFRQGXFWHGLQDQGWRLGHQWLI\¿VKEHDULQJDQGQRQ
¿VKEHDULQJZDWHUVLQFRPSOLDQFHZLWKVWDWHUHJXODWRU\UHTXLUHPHQWVJRYHUQLQJZDWHUERGLHVDQGWKHLU
riparian areas. The typing is based on a Forest Service protocol that evaluates a series of measures,
LQFOXGLQJSUHVHQFHRI¿VKH[LVWHQFHRI¿VKEDUULHUVEDVLQVL]HJUDGLHQWDQGVWUHDPÀRZ7KLVVWUHDP
W\SLQJLQIRUPDWLRQLVXVHGLQWKLVUHSRUWWRDVVHVV¿VKDFFHVVSRWHQWLDOIRUHDFKZDWHUFRXUVH
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Fish Passage (Barrier) Assessment
&XOYHUWDVVHVVPHQWVZHUHFRQGXFWHG ±XSGDWHGLQDQG WRLGHQWLI\EDUULHUVWR¿VK
passage associated with piped segments within Seattle watercourses. These assessments are based on
factors such as height of the culvert outfall above the streambed, capacity (i.e., size/width of the culvert
UHODWLYHWRVWUHDPZLGWK JUDGLHQWÀRZYHORFLW\WKURXJKWKHFXOYHUWUHVLGXDOSRROGHSWKDWWKHRXWOHW
and accessibility. Weir height and condition were also noted.

Habitat Assessment
Habitat assessments were conducted (2000–2004) to inventory stream channel conditions within Seattle’s
¿YHPDMRUZDWHUFRXUVHV'DWDFROOHFWHGDQGUHFRUGHGFRQWLQXRXVO\DORQJWKHVWUHDPVHJPHQWVLQFOXGH
LQVWUHDPKDELWDWXQLWV HJSRROVULIÀHVDQGJOLGHV SRWHQWLDO¿VKVSDZQLQJDQGUHDULQJKDELWDWVXEVWUDWH
composition, and stream bank integrity (in particular, location and type of stream bank armoring).

Geotechnical/Geomorphological Assessment of Channel Conditions
&KDQQHOFRQGLWLRQDVVHVVPHQWVSHUIRUPHGLQRQWKH¿YHPDMRU6HDWWOHZDWHUFRXUVHVH[DPLQHG
the key factors affecting how the streams recruit, store, transport, and deposit sediment as the building
blocks of instream habitat. These key factors include watershed geology, land form, watercourse
YDOOH\VKDSHDQGJUDGLHQWDVZHOODVODQGXVHSUDFWLFHV6SHFL¿FPHDVXUHVUHFRUGHGLQFOXGHFKDQQHO
FRQ¿QHPHQWDQGZLGWKEDQNKHLJKWHURVLRQVWDJHDQGDFWLYLW\DQGEDQNDUPRULQJ
Data Accuracy and Limitations
The individual inventories and studies described above vary in the accuracy of the data collected.
For this report, data have been analyzed primarily at the reach scale, which is well within the criteria
for precision of each survey. Because many of the surveys were conducted between 1999 and 2004,
DQ\UHFHQWFKDQJHVLQKDELWDWFRQGLWLRQV VLQFHWKHWLPHRIDVXUYH\ DUHQRWUHÀHFWHGLQWKHPDSVDQG
analytical results presented in this report.

Data Analysis
The purpose of the instream habitat quality analysis is to identify stream areas of high and low
quality. The analysis involves comparing observed physical characteristics of the stream to expected
characteristics of a functional stream, based on gradient and channel type (see Figure 5 for descriptions
of channel types). Each major Seattle watercourse was examined at the reach scale. The instream
KDELWDWDVVHVVPHQWV\QWKHVL]HVGDWDRQJHRPRUSKRORJ\KDELWDWDQG¿VKXVHWRHYDOXDWHWKHLQWHJULW\RI
the primary instream habitat-forming processes:

 Channel morphology and shape
 Sediment transport and delivery
 Biological function.
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Where the observed channel characteristics closely approximate expected functional conditions based on
channel type, the reach is designated as having good habitat condition and assigned a score of 10. If the
REVHUYHGFKDQQHOFKDUDFWHULVWLFVDUHVLJQL¿FDQWO\DOWHUHGIURPWKHH[SHFWHGFRQGLWLRQWKHUHDFKLVFRQVLGHUHG
to have poor habitat condition and assigned a score of 1. Stream reaches in which observed attributes
partially approximate expected conditions are considered to have moderate habitat condition and assigned
a score of 5 (Figure 13). A more detailed description of the instream habitat assessment methods, as well
as a summary of individual factors and reach scores, is provided in Appendix F. The results of this analysis
have been converted to qualitative categories for reporting in Part 4 of this volume and are illustrated in a
habitat quality map for each watercourse included in the map folio accompanying this report.

Figure 13. Scoring framework used to rate instream habitat conditions.

Biological Assessment Methods
Data on stream habitat conditions were collected through a series of studies. Information presented in
WKLVUHSRUWLVGUDZQIURPWKHVHVWXGLHVDVEULHÀ\GHVFULEHGEHORZ7KHUHSRUWVJHQHUDWHGIRUHDFKVWXG\
contain additional information about data accuracy, limitations, and analysis.

Fish Surveys
Fish presence surveys were conducted in 1999 and
2005 to identify major Seattle watercourse areas
FRQWDLQLQJ ¿VK LQ FRQMXQFWLRQ ZLWK VWUHDP W\SLQJ
VXUYH\V  &DSWXUHG ¿VK ZHUH LGHQWL¿HG DQG WKHLU
size, general condition, and relative abundance in the
immediate area were recorded. Data were compiled
using computerized geographic information system
*,6  PDSSLQJ  'DWD RQ WKH H[WHQW RI ¿VK XVH LQ
each watercourse are used in this report.
Spawning surveys have been conducted from 1999
to the present to record the numbers and locations of
spawning salmon and trout, and their redds (i.e., egg
nests). These surveys have been conducted on an
DQQXDOEDVLVLQDOO¿YHPDMRU6HDWWOHZDWHUFRXUVHV
These data are used in this report to illustrate
salmon redd locations and the upstream extent of
watercourse use by various salmonid species.
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Smolt trapping has been conducted annually since 2001 in Thornton Creek and Longfellow Creek to
identify the types and numbers of juvenile salmon leaving these two watercourses.

Benthic Invertebrate Sampling
%HQWKLFPDFURLQYHUWHEUDWHVDPSOLQJLGHQWL¿HVVPDOOLQVHFWVFUXVWDFHDQV
mollusks, and worms that inhabit Seattle watercourses. Beginning in
1994, the sampling has been conducted every other year at sites in the
major stream basins (shown on the active surface water monitoring
stations maps, included in the map folio accompanying this report).
SPU uses the benthic index of biotic integrity (B-IBI), calibrated for this
Puget Lowland region, to interpret benthic invertebrate data. The B-IBI
is a multimetric index that rates the degree of human impact on streams
based on measurement of different factors, including number of species
present and composition, tolerance and intolerance to disturbance,
functional feeding groups, and life cycle length (see Appendix C). The
index rates streams on a scale from 10 to 50, with 50 representing the
absence of human impact (Table 10).

The number of
individuals collected in
an invertebrate sample
LQÀXHQFHVWKHQXPEHU
of taxa counted because
the more individuals
collected, the higher
probability of detecting
a new taxon (Larsen
DQG+HUOLK\ 7R
accurately measure taxa
richness, a 400-count
VDPSOHLVSUHIHUUHG

Table 10. Benthic index of biotic integrity scoring system.
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Inferred Condition

10–16
18–26
28–36
38–44
46–50

Very poor
Poor
Fair
Good
Excellent
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State of the Waters 2007
Part 4 Conditions in Seattle Watercourses
This part of the State of the Waters report provides detailed information regarding the present-day
K\GURORJ\ ZDWHU TXDOLW\ SK\VLFDO KDELWDW DQG ELRORJLFDO FRPPXQLWLHV RI HDFK RI WKH ¿YH PDMRU
watercourses in Seattle. The information presented below for each watercourse begins with key
¿QGLQJVDQGDZDWHUVKHGJUDSKLFIROORZHGE\DEULHIGHVFULSWLRQRIWKHZDWHUVKHG7KHVXEVHTXHQW
sections summarize hydrology and water quality conditions in each watercourse, including descriptions
of available water quality data. Next, the physical habitat is described for each watercourse, dividing
WKH ZDWHUFRXUVH¿UVWLQWRUHDFKHVDQG WKHQ LQWR VPDOOHU VHJPHQWV ZLWKLQ HDFK UHDFK WR SURYLGH WKH
reader with an in-depth look at how conditions vary in different parts of the watercourse and why.
7KHODVWVHFWLRQGHVFULEHVELRORJLFDOFRPPXQLWLHVLQHDFKZDWHUFRXUVHIRFXVLQJRQ¿VKDQGEHQWKLF
macroinvertebrates. These aquatic community groups are the ones the City of Seattle has been most
active in monitoring and has the most information about. Although other biological communities, such
as amphibians and riparian-dependent birds, are also important components of Seattle’s watercourse
ecosystems, very limited information about them has been collected by the city.
At the time this State of the Waters report was generated, the available
“Watercourse”
hydrologic and water quality information was rather limited relative to the
means the route,
information available for physical habitat. Consequently, compared to the
constructed or formed
habitat information, the hydrology and water quality data are presented
by humans or by
natural processes,
with less detailed interpretation for Seattle’s watercourse conditions.
generally consisting
Moreover, much of the water quality information was collected and
of a channel with bed,
compiled several years before the date of publication of this document.
banks, or sides, in
Appendix G provides this detailed—but outdated—compilation of water
which surface waters
ÀRZ
quality data analyses. The main body of this report presents a summary
of that information with appropriate updates to changes in applicable
UHJXODWRU\VWDQGDUGV5HDGHUVLQWHUHVWHGLQPRUHGHWDLOHGZDWHUTXDOLW\GDWDDQGDQDO\VHVFDQ¿QGWKHP
in Appendix G.
This chapter concludes with a brief description and discussion of the many smaller watercourses
in Seattle. Finally, additional details on hydrology, water quality, and habitat are presented in the
associated appendices to this report.
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Fauntleroy Creek Key Findings
)DXQWOHUR\&UHHNSURYLGHVEHQH¿FLDOFRQGLWLRQVLQVHYHUDODUHDVDQGIRUVHYHUDOZDWHUTXDOLW\FRPSRQHQWV
(based on limited water quality data). In general, physical habitat is in good condition in the Fauntleroy
Park area, while downstream areas suffer from a number of problems that are absent in the upper
portion of the watercourse (Figure 14). Water quality and habitat highlights are outlined below.

 Dissolved oxygen and temperature conditions are good.

Samples collected between October 2004
and December 2005 consistently met state water quality criteria.



Concentrations of toxic materials (metals and ammonia) over the short period of record are
UHODWLYHO\ORZXQGHUQRQVWRUPÀRZFRQGLWLRQV2QO\RQHRIHLJKWVDPSOHV SHUFHQW H[FHHGHG
the chronic toxicity criterion for total mercury, while eight of eight samples exceeded the human
health criterion for total arsenic.

 Concentrations of total phosphorus are relatively low; one of 15 samples (7 percent) exceeded the
EHQFKPDUNIRUWRWDOSKRVSKRUXVXQGHUQRQVWRUPÀRZFRQGLWLRQV

 Floodplain connections, riparian forest and wetlands, and good instream structure exist within
the Fauntleroy Park reach. These habitat components allow the stream to store sediment, provide
ZRRG\GHEULVVWDELOL]HVWUHDPEDQNVUHVSRQGWRKLJKÀRZVDQGRFFDVLRQDOODQGVOLGHVDQGHQKDQFH
stream conditions.
The ability of Fauntleroy Creek to function is compromised in downstream areas by the following
conditions:



Altered hydrology induced by urban development in the upper watershed has increased the
\HDUVWRUPHYHQWUXQRIIIRXUIROGRYHUSUHGHYHORSPHQWFRQGLWLRQV+LJKDQGÀDVK\ÀRZVLQWKH
watercourse are causing channel incision and widening.

 Fecal coliform bacteria levelsKDYHGHFOLQHGVLJQL¿FDQWO\VLQFH

JHRPHWULFPHDQRI
colony-forming units per 100 milliliters [cfu/100 mL] in 1998 to 130 cfu/100 mL in 2005).
However, the annual geometric mean (130 cfu/100 mL in 2004–2005) continues to exceed the
water quality criterion for extraordinary primary contact recreational use (50 cfu/100 mL).

 Floodplain connections, instream structure, and riparian forest are lacking downstream of the
)DXQWOHUR\ 3DUN UHDFK  7KLV DUHD LV GRPLQDWHG E\ EDQN DUPRULQJ ¿OO LQYDVLYH SODQWV ODZQV
landscaping, and encroachment by buildings, resulting in little instream structure and no pools.

 Fish passage barriersDWWK$YHQXH6:DQG&DOLIRUQLD$YHQXH6:SURKLELWDQDGURPRXV¿VK
IURPUHDFKLQJDERXWSHUFHQWRISRWHQWLDO¿VKEHDULQJKDELWDWLQWKHZDWHUFRXUVH

 Benthic index of biotic integrity (B-IBI) scores indicate fair conditions, although scores range from
poor to fair (20–36).

 Coho prespawn mortality rates (the lowest within Seattle watercourses) average 39 percent.
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The Fauntleroy Creek Watershed
Fauntleroy Creek, the smallest of
Seattle’s major watercourses, is located in
southwestern Seattle and drains a 149-acre
(0.23-square-mile) watershed.
The total
watercourse length is approximately 8,500
feet or 1.6 miles, including the main stem
channel (4,600 feet in length) and six small
tributaries. The topography of the watershed
is composed of an upland rolling plateau
with dense residential development, an area
of steep ravines located in parkland with
second-growth forest, and a lower valley
containing dense residential development.
The lowest portion of the watercourse crosses
a low-gradient depositional beach area before
discharging into central Puget Sound near the
Fauntleroy ferry terminal.

Mouth of Fauntleroy Creek (photo by Bennett)

The subsurface geology of the Fauntleroy Creek watershed is composed mainly of consolidated
sediments with low permeability in the upland plateau, and sand and gravel deposits in the watercourse
valley and tributary ravines, which are susceptible to erosion (Troost et al. 2003, 2005). Landslides
along the steep valley walls of upper Fauntleroy Creek and its tributaries are major sources of sediment
input into the watercourse (Stoker and Perkins 2005). The sand and gravel introduced from the upper
ravine walls provide the gravel substrate to the stream. Sand dominates the sediment supply from the
PLGGOHDQGORZHUYDOOH\ZDOOVUHVXOWLQJLQ¿QHUVXEVWUDWHLQORZHUUHDFKHV7KHVWUHDPKDVHURGHGLQWR
dense glacial silt and clay deposits in lower Fauntleroy Park. These clay deposits are rather impermeable
WRZDWHUDQGDUHDVVRFLDWHGZLWKVPDOOZHWODQGV$UWL¿FLDO¿OO²DPL[RIVLOWVDQGJUDYHOFRQFUHWH
DQGRWKHUPDWHULDOV²KDVEHHQXVHGWR¿OOWKHYDOOH\EHWZHHQWKHGRZQVWUHDPERXQGDU\RI)DXQWOHUR\
Park/45th Avenue SW and the watercourse mouth (Troost et al. 2005).
Similar to other Seattle watersheds, the historical Fauntleroy watershed was heavily forested (Stoker
and Perkins 2005). Residential development within the basin occurred between the 1920s and 1970s
at a rate of about 20 percent of the basin per decade (King County 2005b). This development occurred
in conjunction with construction of a formal stormwater drainage system in the upper watershed.
Today nearly 70 percent of the basin has been developed into residences and street rights-of-way
(Figure 15). These land uses create impervious surfaces such as roads, buildings, and parking lots that
OLPLWVWRUPZDWHULQ¿OWUDWLRQ
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Aside from residential and transportation land uses, the
remaining land use in the basin is composed of parks and
open space (23 percent). The majority of the watercourse
channel length (75 percent) is located within these openspace and park land use designations. In comparison to
the other Seattle watersheds, the Fauntleroy watershed
contains a relatively low impervious surface area
(38 percent) due to the large area of parks and open
space (Alberti et al. 2004). Excluding park areas
and accounting only for areas drained by the formal
stormwater drainage system, impervious surfaces cover
50 percent of the land area in the Fauntleroy watershed
(Map 1 in the map folio accompanying this report).

Figure 15. Land uses in the Fauntleroy
Creek watershed.

In areas with formal drainage systems, stormwater
runoff enters a pipe or ditch and is quickly carried
to a watercourse, causing large amounts of water
to be discharged to the watercourse over a short
WLPHSHULRG

Watershed-Scale Conditions

Fauntleroy Creek Hydrology
)DXQWOHUR\ &UHHN ÀRZV \HDUURXQG ZLWK DQ DYHUDJH ÀRZ UDWH
A 2-year storm event occurs
estimated at 1 cubic foot per second (cfs) at the mouth and a 2-year
every 2 years on average,
SHDN VWRUP ÀRZ HVWLPDWH RI  FIV EDVHG RQ K\GURORJLF PRGHOV
or has a 50% chance of
DQG H[WUHPHO\ OLPLWHG ÀRZ LQIRUPDWLRQ +DUWOH\ DQG
RFFXUULQJLQDQ\JLYHQ\HDU
Greve 2005).
The magnitude of the 2-year storm event
runoff is estimated as four times greater than under predevelopment conditions.
The
\HDU DQG \HDU VWRUP HYHQW ÀRZV DUH URXJKO\ HVWLPDWHG IURP WKH PRGHO DW  DQG  FIV
respectively (Hartley and Greve 2005).
Nine storm drains (5.6 outfalls per watercourse mile) discharge stormwater to the upper reaches of
Fauntleroy Creek and its tributaries, mostly within or immediately adjacent to Fauntleroy Park
0DS 7KHZDWHUFRXUVHGRHVQRWFRQWDLQDQ\FRPELQHGVHZHURYHUÀRZ &62 RXWIDOOV)RXURIWKH
stormwater outfalls drain upland subcatchments of about 20 acres, the largest within the watershed.
However, all Fauntleroy subcatchments have similar impervious surface coverage, low-permeability
geology, and gradual slopes, resulting in small differences among estimates of subcatchment runoff
potential. Downstream of the park, stormwater reaches the watercourse only through small amounts of
surface runoff and through ground water recharge. The hydrologic characteristics of Fauntleroy Creek
are generated primarily in the upland plateau above the watercourse.
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Fauntleroy Creek Water Quality
Few samples have been collected in Fauntleroy Creek to characterize water quality conditions, and
data to evaluate sediment quality conditions are not currently available (Map 2). Available data are
summarized below. Beyond the available data, water quality conditions in Fauntleroy Creek are
expected to be most similar to conditions in Piper’s Creek and Taylor Creek—as opposed to Longfellow
Creek and Thornton Creek—because of similar land use patterns. Like other urban watercourses in
the Puget Sound area, Fauntleroy Creek has experienced coho salmon prespawn mortality, and water
quality is currently being investigated as a potential contributor to the problem. Coho salmon prespawn
mortality is discussed later in the Fish section.
The following subsections describe existing water quality conditions in Fauntleroy Creek in general
terms, based on available data. More detailed tables and summary statistics for all water quality data
are presented in Appendix B.
The Department of Ecology included Fauntleroy Creek on the 2004 list of threatened and impaired
water bodies under Clean Water Act Section 303(d), listing the watercourse as a category 5 water body
for fecal coliform bacteria. Accordingly, a total maximum daily load (TMDL) limit was required for
Fauntleroy Creek based on demonstrated exceedances of the state water quality standard (Ecology
2004). This listing is based on samples collected on June 15 and August 29, 1988, at four sites along
Fauntleroy Creek, in addition to earlier sampling conducted by King County (Kendra 1989). Fecal
coliform bacteria in the 13 samples collected by Ecology in 1988 ranged from 590 to 2,700 colonyforming units per 100 milliliters (cfu/100 mL), with a geometric mean of 1,300 cfu/100 mL.
In October 2004, Ecology (2006b) began monitoring water quality near the mouth of Fauntleroy
Creek. Grab samples are collected each month. Data from October 2004 through December 2005 (15
samples) are presented in the following discussion.
Conventional water quality indicators
Summary statistics from the preliminary results for
include dissolved oxygen, water temperature,
conventional water quality indicators are presented
turbidity, total suspended solids, pH, and
in Table 11, and the results for each indicator are
IHFDOFROLIRUPEDFWHULD
discussed separately in the following subsections.
Table 11. Fauntleroy summary statistics for conventional water quality parameters measured
near the mouth.a

Minimum
Maximum
Median
Mean
5th percentile
95th percentile
Criteria b
a

b

Part 4

Dissolved Oxygen
(mg/L)

Temperature
(degrees C)

Fecal Coliform
(cfu/100 mL)

pH

TSS
(mg/L)

Turbidity
(NTU)

9.8
12.4
11.1
11.1
9.8
12.2
9.5

6.5
15.4
10.6
10.8
6.9
15.1
16

23
390
87
145
27
341
50

8.0
8.3
8.2
8.2
8.0
8.3
6.5–8.5

3
33
10
13
3
33
–

1.5
19
5.2
6.2
1.5
13
–

15 samples collected between October 2004 and December 2005. Most samples were collected during non-storm
conditions. Rain occurred during 6 sampling events, and except for December 13, 2005 (0.33 inches), rainfall ranged from
0.02 to 0.07 inches.
Established criteria from WAC 173-201A.
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Dissolved Oxygen and Temperature
The measured data for dissolved oxygen and temperature in Fauntleroy Creek consistently met state
water quality criteria during the 1-year monitoring period. Fauntleroy Creek is designated as core
summer salmonid habitat. For this use designation, the dissolved oxygen criterion is 9.5 mg/L for a
daily minimum, and temperature is 16°C for a 7-day average daily maximum. During the 1-year period
of record, the lowest dissolved oxygen concentration was 9.8 mg/L, and the maximum temperature was
15.4°C. These very limited data (based on only 15 samples) indicate good conditions for dissolved
oxygen and temperature.
In typical urban watersheds, dissolved oxygen levels and water temperatures can be affected by several
factors. Inputs of relatively warm stormwater runoff can cause temperatures in watercourses to increase
DERYHQDWXUDOO\RFFXUULQJOHYHOV,QDGGLWLRQFKDQQHOVLPSOL¿FDWLRQ UHVXOWLQJIURPVXFKDFWLRQVDV
levee construction, bank hardening, channel straightening, dredging, and woody debris removal) can
reduce the hyporheic exchange that helps to promote lower water temperatures. Hyporheic exchange
refers to the mixing of surface water and ground water beneath the active stream channel and riparian
zone. Finally, reduced shading in streams due to removal of the riparian canopy can cause water
temperatures to increase.

Turbidity and Suspended Solids
Fauntleroy Creek total suspended solids (3 to 33 milligrams per liter [mg/L]) and turbidity (1.5 to 19
QHSKHORPHWULF WXUELGLW\ XQLWV >178@  DUH ORZ UHÀHFWLQJ SULPDULO\ QRQVWRUP ÀRZ FRQGLWLRQV  7KH
KLJKHVWWRWDOVXVSHQGHGVROLGVFRQFHQWUDWLRQV PJ/ RFFXUUHGGXULQJWZRQRQVWRUPÀRZVDPSOLQJ
events (June 18 and August 15, 2005). Although particulate levels are expected to increase during
storm conditions due to the erosive material present in the Fauntleroy Creek channel (i.e., sandy soil),
total suspended solids concentrations in the six samples collected under rainfall conditions ranged from
only 4 to 24 mg/L.
%DFNJURXQGWXUELGLW\FRQGLWLRQVFDQEHGLI¿FXOWWR
For the purposes of this report, the King
establish in Seattle’s urban watercourses. Typically,
County and Ecology samples are called nonbackground conditions are determined from samples
VWRUPÀRZVDPSOHVDQG6HDWWOH3XEOLF8WLOLWLHV
collected upstream of a particular source input to
VDPSOHVDUHFDOOHGVWRUPÀRZVDPSOHV
a watercourse, such as a construction site, storm
drain outfall, or municipal or industrial discharge. Background samples are then compared to samples
FROOHFWHG GRZQVWUHDP RI D VSHFL¿F VRXUFH LQSXW WR GHWHUPLQH FRPSOLDQFH ZLWK WKH WXUELGLW\ VWDQGDUG 
%HFDXVHWKHPRQLWRULQJVWDWLRQVLQ)DXQWOHUR\&UHHNDUHQRWORFDWHGXSVWUHDPDQGGRZQVWUHDPRIVSHFL¿F
source inputs, these data are not suitable for assessing compliance with the turbidity standard.
,QFUHDVHV LQ WXUELGLW\ DQG VXVSHQGHG VROLGV W\SLFDOO\ UHVXOW IURP ODUJHU VWRUP ÀRZV DVVRFLDWHG ZLWK
XUEDQL]DWLRQLQWKHZDWHUVKHG/DUJHU SHDN ÀRZV WHQGWR HURGHWKHVWUHDPEHGDQG HQWUDLQSDUWLFOHV
PRUH HIIHFWLYHO\ WKDQ VPDOOHU OHVV IUHTXHQW VWRUP ÀRZV  ,Q DGGLWLRQ XUEDQ VWUHDP EDQNV W\SLFDOO\
HURGHPRUHHDVLO\DVULSDULDQYHJHWDWLRQLVUHPRYHGRUPRGL¿HGUHVXOWLQJLQLQFUHDVHGWXUELGLW\DQG
suspended solids downstream, particularly during storms. Finally, turbidity and suspended solids tend
to increase downstream in urban watercourses due to unnaturally high inputs of turbid water resulting
from urban upland construction activities and ground disturbance.
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pH Conditions
The pH level in Fauntleroy Creek (8.0 to 8.3 pH units) is on the high end of the range observed in other
urban watercourses in Seattle (6.0 to 8.4 pH units), although it consistently met the state water quality
criterion of 6.5 to 8.5 pH units.

Fecal Coliform Bacteria
Results from monthly samples collected in Fauntleroy Creek between October 2004 and September
2005 indicate that fecal coliform levels have declined since 1988 when a preliminary data set of 13
samples was collected by King County (Table 12). The geometric mean in 1988 was 1,300 cfu/100
mL, and the geometric mean in 2004–2005 was 130 cfu/100 mL. Despite this decline over time, recent
samples continue to exceed the 2006 water quality standard for extraordinary primary contact recreation
(i.e., a geometric mean of 50 cfu/100 mL, with no more than 10 percent of the samples exceeding 100
cfu/100 mL). In 1988, 100 percent of the samples exceeded these criteria, whereas recent samples
exceeded the criteria 58 percent of the time.
Table 12. Fauntleroy fecal coliform bacteria comparison between 1998 and 2005 data.a
Fecal Coliform Bacteria
(cfu/100 mL)
No. of samples
Range
Geometric mean
Greater than 100 cfu/100 mL

1988

2005

13
590–2,700
1,300
100 percent

15
23–390
130
58 percent

cfu/100 mL = colony-forming units per 100 milliliters.
a
1988 data collected by Kendra (1989); 2005 data collected by Ecology (undated).

Potential sources of fecal coliform bacteria in urban watercourses are wildlife and pet wastes, leaking
ZDVWHZDWHUV\VWHPVIDLOLQJVHSWLFV\VWHPVZDVWHZDWHUWUHDWPHQWSODQWHIÀXHQWDQGFRPELQHGVHZHU
RYHUÀRZ HYHQWV  6WRUPZDWHU UXQRII IURP XUEDQ GHYHORSPHQW FDQ HDVLO\ ZDVK EDFWHULD IURP WKHVH
sources into urban watercourses. The exact source of bacteria in Fauntleroy Creek is unknown; however,
data from other microbial source tracing studies in Seattle urban watercourses (i.e., Piper’s Creek and
7KRUQWRQ&UHHN KDYHLGHQWL¿HGWKHSULPDU\VRXUFHDVSHWDQGZLOGOLIHZDVWHV

Metals
Fourteen priority pollutant metals with recommended water quality criteria for the protection of
aquatic life and human health in surface waters (see Table 9) were reviewed for Fauntleroy Creek. No
VDPSOH UHVXOWV DUH DYDLODEOH IRU VWRUP ÀRZ FRQGLWLRQV DQG QRQVWRUP ÀRZ UHVXOWV DUH QRW DYDLODEOH
for dissolved mercury, total antimony, total beryllium, total selenium, or total thallium. Although the
record is limited, the quality of the data is relatively good. Appendix B contains detailed summary
statistics and time series plots for all metals analyzed.
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Overall, metals concentrations in Fauntleroy Creek appear to be relatively low. For dissolved metals,
eight samples were collected between October 18, 2004 and December 13, 2005 at station 09K070
(Map 2). Dissolved metals (e.g., copper and lead) were either undetected or detected at levels below
the acute and chronic toxicity criteria for aquatic.
In Fauntleroy Creek, total mercury exceeded the chronic toxicity criterion in one of eight samples (12
percent); none of the samples exceeded the acute toxicity criterion. The total mercury chronic criterion
of 0.012 micrograms per liter (μg/L) was exceeded on June 13, 2005, with a sample result of 0.014
μg/L. The one mercury exceedance is considered an outlier (i.e., it falls beyond the step spread, as
described under Summary Statistics in Part 3); hence additional data are needed to show whether the
sample is truly representative of water quality conditions in the watercourse.
The total arsenic human health criterion of 0.018 μg/L was exceeded in all eight samples. This drinking
water criterion applies to human consumption of water and organisms (see Table 9). Therefore, the risk
WRKXPDQKHDOWKLVPLQLPDOLISHRSOHGRQRWGULQNWKHZDWHURUFRQVXPH¿VKOLYLQJLQWKHZDWHUFRXUVH
Although the human health criterion for arsenic is frequently exceeded, the aquatic life chronic and
acute toxicity criteria are seldom exceeded. As noted earlier, most of these samples represent nonVWRUP ÀRZ FRQGLWLRQV  2QO\ RQH VDPSOH FROOHFWHG RQ 'HFHPEHU   ZDV FROOHFWHG GXULQJ D
VLJQL¿FDQWVWRUPHYHQW LQFKHV 
Metal pollutants accumulate on impervious surfaces in urban watersheds and are washed off during
VWRUPV,QDGGLWLRQVRPHPHWDOVDUHERXQGWRVHGLPHQWVVRDVVWRUPÀRZVHQWUDLQVRLODQGVHGLPHQW
metals are more easily transported to watercourses. Sources of metal pollutants include wear and
tear of vehicle parts (e.g., brake pads, tires, rust, and engine parts), atmospheric deposition, common
EXLOGLQJPDWHULDOV HJJDOYDQL]HGÀDVKLQJDQGPHWDOGRZQVSRXWV DQGURRIPDLQWHQDQFHDFWLYLWLHV
(e.g., moss control).

Nutrients
Nutrient levels in Fauntleroy Creek are relatively low (Table 13). Fifteen samples were examined for
ammonia-N, nitrate-nitrite, and total phosphorus; these were compared against criteria and benchmarks
representing surface water quality conditions that are minimally affected by human activity. (Total
nitrogen data are not available.) Of those 15 samples, only one (7 percent) exceeded the benchmark for
total phosphorus (see Table 8 for nutrient benchmarks). The total phosphorus benchmark of 0.1 mg/L
was exceeded on August 15, 2005 with a sample result of 0.864 mg/L. However, this sample result is
suspect until additional data have been collected. Of the total of 15 nutrient sample results available, 73
percent were detected values. Appendix B provides nutrient summary statistics and time series plots.
Phosphorus and nitrogen are common pollutants in urban watercourses. Sources include fertilizer
applications, increased soil erosion, nutrients from washwater (e.g., car and boat cleaning), failing
septic systems, pet wastes, and improper dumping of yard wastes. All of these sources can result in
increased nutrient concentrations in stormwater runoff. This is of particular concern for the larger water
bodies such as freshwater lakes and Puget Sound. Elevated nutrient levels can lead to eutrophication,
DSURFHVVLQZKLFKUDSLGJURZWKRIDOJDHPD\RYHUFRPHQDWXUDOVHOISXUL¿FDWLRQSURFHVVHVLQWKHZDWHU
body. The resulting algal blooms degrade water quality as the decomposing algae reduce the dissolved
oxygen concentrations in receiving waters. Ultimately, increased nutrient concentrations can reduce
survival opportunities for salmonids, which rely on oxygen-rich waters.
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Table 13. Fauntleroy summary statistics for nutrients.

Ammonia-N
(mg/L)
non-storm storm
Fauntleroy Creek station 09K070
15
ND
No. of samples

Nitrate+nitrite
(mg/L)
non-storm storm

Total Nitrogen
(mg/L)
non-storm storm

Total Phosphorus
(mg/L)
non-storm storm

15

ND

ND

ND

15

ND

Minimum

0.01

ND

0.71

ND

ND

ND

0.047

ND

Maximum

0.02

ND

1.3

ND

ND

ND

0.86

ND

Median

0.01

ND

0.93

ND

ND

ND

0.055

ND

Mean

0.011

ND

0.96

ND

ND

ND

0.11

ND

0.01

ND

0.75

ND

ND

ND

0.047

ND

0.014

ND

1.2

ND

ND

ND

0.33

ND

5

th

95

percentile

th

percentile

Benchmark a

0.43 – 2.1

–

0.34

0.1

a

Ammonia chronic toxicity criteria are pH-dependent, and the given range is for a pH of 6.5–8.5. All nutrient criteria and
benchmarks are described in more detail in Part 3 of this report.
mg/L = milligrams per liter.
ND= no data collected.

Organic Compounds
7RGDWHDYDLODEOHVWRUPZDWHUDQGVHGLPHQWGDWDDUHLQVXI¿FLHQWWRHYDOXDWHWKHSUHVHQFHDQGLPSDFWV
of organic compounds in the Fauntleroy Creek watershed.

Other Water Quality Indicators
The area offshore of the Fauntleroy Creek outlet to Puget Sound frequently has odor problems during
WKHVXPPHU6WXGLHVKDYHIRXQGWKDWWKHRGRULVFDXVHGE\K\GURJHQVXO¿GHJHQHUDWHGE\GHFD\LQJ
seaweed that accumulates along the beach from offshore algae beds (WDOH 2001). Seaweed growth
QRUPDOO\ LV OLPLWHG E\ WKH DYDLODELOLW\ RI QLWURJHQ DQG E\ PLGVXPPHU WKHUH LV XVXDOO\ LQVXI¿FLHQW
nitrogen to support large growth. However, the nutrient-rich discharge from Fauntleroy Creek is
believed to support seaweed growth throughout the summer, which contributes to the odor problem
(WDOH 2001). This seaweed growth is related to the eutrophication process described above.

Stream-Scale Conditions
7KH )DXQWOHUR\ &UHHN FKDQQHO LV YHU\ VWHHS DQG QDUURZ  :LWKLQ D QDUURZ ÀRRGSODLQ DQG FKDQQHO
migration zone, the stream maintains a relatively static single channel with minimal meandering (Stoker
and Perkins 2005). Surface and ground water drainage from the uplands has been gradually cutting into
the glacial deposits, leading to channel erosion and landslides that have widened the steep ravine walls
of the middle watershed and have supplied large amounts of outwash sand and small amounts of gravel
to the main channel (Stoker and Perkins 2005).
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Although the gradient of Fauntleroy Creek averages between 2 and 8 percent, the upstream reaches
exceed a 10 percent gradient (Map 3). The steepest parts of the watercourse are the upper main stem
DQGLWVWULEXWDULHVZKLFKÀRZWKURXJKVWHHSVLGHGIRUHVWHGUDYLQHVLQ)DXQWOHUR\3DUNH[FHHGLQJ
percent gradient. Fauntleroy Creek is characterized mostly by a simple, single-channel drainage pattern
ZLWKDVWHHSJUDGLHQWDQGDPRGHUDWHO\FRQ¿QHGVKRUWFKDQQHO 6HDWWOH 
%DVHG RQ ZDWHUVKHG DQG FKDQQHO FKDUDFWHULVWLFV WKH )DXQWOHUR\ VWUHDP FKDQQHO FODVVL¿FDWLRQ XQGHU
more natural conditions would be cascade and step-pool habitat, particularly where large wood from
the adjacent riparian forest would add structure to the channel. One exception is near the mouth where
the low channel gradient and tidal beach would promote sediment deposition.
Given the high energy of Fauntleroy Creek and the sediment coming into the system from the ravine
walls, an important role of Fauntleroy Creek is to transport sediment to the shoreline of Puget Sound,
supporting the creation and maintenance of marine habitat in addition to habitat within the stream.
For the following discussion, Fauntleroy Creek is divided into two
major reaches (Map 3). Stream codes, shown on the watercourse
maps, consist of two letters of the watercourse name (FA for
Fauntleroy) and the number of the stream segment, starting with
01 at the mouth and increasing in the upstream direction:

Watercourses are divided into
reaches, reaches are divided
into segments, and segments
DUHGLYLGHGLQWRVHFWLRQV

 The Fauntleroy Park reach (FA05–FA04)
 Lower Fauntleroy Creek downstream of Fauntleroy Park to the mouth (FA03–FA01).
Fauntleroy Park (FA05–FA04)
While the watercourse headwaters are located on the rolling
upland plateau, the open channels of Fauntleroy Creek begin
in the upper valleys primarily contained within Fauntleroy
Park. Fauntleroy Creek and its tributaries drain through steep
ravines, greater than 8 percent gradient, before reaching the
PDLQ VWHP YDOOH\ ÀRRU ZKHUH WKH JUDGLHQW LV EHWZHHQ  DQG
8 percent (Map 3). The main stem channel in this reach is
approximately 1,390 feet in length, in addition to roughly
3,900 feet of channels in six tributaries.
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Riparian Habitat
The riparian corridor within Fauntleroy Park contains a mixture
of deciduous and coniferous trees with a primarily native
understory (Map 5). The riparian corridor through this reach
is continuous, exceeding 100 feet in width and even 200 feet in
some areas. The deciduous and coniferous trees provide a full,
dense canopy to shade the stream. The stream bank vegetation
helps to stabilize banks and prevents excessive bank erosion.
The mix of mature deciduous and coniferous trees provides
protection to the channel through forest regeneration, as well
as providing potential recruitment of large wood to the stream.
The forest contains invasive English ivy, particularly in the
lower segment of this reach (FA04).
The steep, unstable valley walls and park land use have limited
urban encroachment into the stream riparian area and protected
its vegetation. The area is dominated by single-family houses,
which are set more than 100 feet from the stream (Map 6). A
single pedestrian bridge is the only structure along the stream.
With the existing forested riparian condition and lack of urban
land uses near the stream, the riparian quality of this reach is
ranked high (Map 7).

Riparian habitat in Fauntleroy Park,
Fauntleroy Creek (photo by Bennett)

Instream Habitat
7KHFKDQQHOZLGWKZLWKLQ)DXQWOHUR\3DUNLVUHODWLYHO\QDUURZDYHUDJLQJOHVVWKDQIHHWDQGLVFRQ¿QHG
by the valley walls and landslide deposits. Historically, the steep tributaries and valley walls have been
important source areas for sediment and large wood introduced into Fauntleroy Creek. Historically and
WRGD\WKHPDLQVWHPRFFXSLHVDQDUURZÀRRGSODLQZLWKZHWODQGVZKHUHWULEXWDULHVMRLQWKHPDLQVWHP
(Seattle 2005).

Instream woody debris in Fauntleroy Park,
Fauntleroy Creek (photo by Bennett)
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Fauntleroy Creek within the park has relatively
high instream habitat quality (Map 7). The main
VWHP¶V QDUURZ ÀRRGSODLQ DUHDV DQG DVVRFLDWHG
wetlands in clay deposits tend to reduce the
LPSDFW RI WKH KLJK ÀRZV RQ WKH VWUXFWXUH RI WKH
stream. Limited deposits of large wood in the
FKDQQHO ZHUH QRW VXI¿FLHQW WR FUHDWH PXFK SRRO
KDELWDWXQWLOPRUHZRRGZDVDGGHGLQ5LIÀH
habitat dominates this reach, which contains only
two pools representing one percent of the available
habitat (Map 5). Given the steep gradient, instream
habitat should consist of cascade and step-pool
channel types; however, the channel exhibits
PRVWO\VWHSSRRODQGSRROULIÀHPRUSKRORJLHV
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(YHQZLWKFRQQHFWLRQVEHWZHHQWKHVWUHDPDQGQDUURZÀRRGSODLQVHJPHQWV
Aggradation is the raising
of the stream channel within this reach are widening and degrading as a
RIVWUHDPEHGVRUÀRRGSODLQV
UHVXOWRILQFUHDVHGÀRZVUHVXOWLQJIURPZDWHUVKHGXUEDQL]DWLRQDQGWKH
through the deposition
lack of wood in the channel (Map 4). Hydrologic changes are generated
of sediment eroded and
WUDQVSRUWHGIURPXSVWUHDP
by impervious surfaces and stormwater drainage systems on the upland
plateau of the upper watershed. Some stream segments are storing
sediment, increasing bed elevation through aggradation, and decreasing the overall gradient of the channel,
SULPDULO\LQDUHDVZKHUHVWUHDP±ÀRRGSODLQFRQQHFWLRQVDQGLQFKDQQHOZRRGH[LVWWRVORZZDWHUYHORFLW\DQG
trap sediment (Stoker and Perkins 2005). The majority of the stream sediment comes from the ravine walls,
and some sediment is also eroded from gravel deposits stored along the narrow valley bottom.
Culverts under 45th Avenue SW and California Avenue SW prevent migratory salmon and trout from
using this reach, although students participating in the Salmon in the Classroom program release coho
fry into the Fauntleroy Park reach each spring.

Lower Fauntleroy Creek (FA03–FA01)

Mouth of Fauntleroy Creek at Puget Sound (photo by Bennett)

Downstream of Fauntleroy Park, the
ZDWHUFRXUVH ÀRZV  IHHW RU 
miles) through mostly residential
neighborhoods within a narrow valley
WKDW LV UHGXFHG LQ ZLGWK E\ SDVW ¿OOLQJ
and land grading. The gradient of the
watercourse ranges between 4 and 8
percent, characteristic of a step-pool
channel type, with a lower-gradient
mouth where the watercourse discharges
into Puget Sound (Seattle 2005).

Riparian Habitat
The riparian corridor downstream of Fauntleroy Park becomes narrow and is dominated by landscaping and
invasive plants. Within Kilbourne Park (FA03b), the riparian corridor averages about 75 feet in width where the
surrounding houses are located outside the watercourse ravine (Map 6). This area contains mature deciduous
trees that provide a canopy, although the canopy is sparse in some areas (25 percent cover; Map 5). The area
is also dominated in the understory by invasive plants, particularly English ivy. Near the mouth (FA02), the
riparian corridor is dominated by lawns without canopy cover, and houses are located directly adjacent to the
stream, within 25 feet of the banks. These stream segments have poor riparian habitat (Map 7).
In the middle segment of this reach, between Fauntleroy Way SW and 45th Avenue SW (FA03a),
the riparian corridor provides moderate habitat quality. The vegetation community is dominated
by deciduous and coniferous trees that provide good cover to the stream (averaging greater than 50
percent). The steep ravine also contains a mixed understory of native and nonnative English ivy,
located primarily in areas that have a broken canopy due to tree fall. The watercourse ravine has limited
the proximity of surrounding houses, which are situated from 20 to 75 feet away from the stream.
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Instream Habitat
Historically, Fauntleroy Creek contained large wood that trapped sediment and formed steps and
pools in the stream. Today, the lower portions of the watercourse lack instream structure, resulting in
SODQHEHGPRUSKRORJ\7KHZDWHUFRXUVHFRQWDLQVDIHZSRROULIÀHDQGVWHSSRRODUHDVZKHUHLQVWUHDP
rehabilitation structures have been installed; pool habitat should improve where logs have been added
in the upper segment of this reach (FA03; Stoker and Perkins 2005). The active channel width varies
IURPWRIHHWZLWKDIDLUDPRXQWRIFRQ¿QHPHQWE\WKHYDOOH\ZDOOVEHWZHHQWK$YHQXH6:DQG
&DOLIRUQLD$YHQXH6:'RZQVWUHDPRIWK$YHQXH6:WKHYDOOH\ZLGHQVDQGQDWXUDOFRQ¿QHPHQW
ZLWKLQWKHUDYLQHLVUHGXFHG 6WRNHUDQG3HUNLQV +RZHYHU¿OOLQJFXOYHUWVD¿VKODGGHUDQG
EDQNDUPRULQJKDYHFRQ¿QHGVHJPHQWVRIWKHFKDQQHOFDXVLQJLQFLVLRQDQGOLPLWLQJVWUHDP±ÀRRGSODLQ
connections and gravel retention (Seattle 2005; Map 6).
Habitat quality ranges between low and moderate within this reach of Fauntleroy Creek (Map 7). Similar
to the upstream reach in Fauntleroy Park, the lower reaches of the stream channel are dominated by
ULIÀHKDELWDW DERXWSHUFHQW DOWKRXJKSRROVZLWKGHSWKVJUHDWHUWKDQIHHWKDYHEHHQLGHQWL¿HG
0DS +RZHYHUWHQRIWKHSRROVDUHFUHDWHGE\D¿VKODGGHUFRQVWUXFWHGLQWKHODWHVDWWKH
upstream end of the Fauntleroy Way SW culvert, and the limited area of these created pools does not
SURGXFHWKHVORZÀRZLQJUHIXJHKDELWDWH[SHFWHGIURPVXFKKDELWDWW\SHV7KHODFNRIVWUXFWXUHDQG
large amount of encroachment contribute to degraded instream habitat. Within Kilbourne Park, large
woody debris has been added to the stream, which should increase the quality of habitat and channel
FRQGLWLRQV RYHU WLPH 7KH ORZHVW VHJPHQWV RI WKH ZDWHUFRXUVH )$ DQG )$  DUH FRQ¿QHG WR D
narrow, simple channel with residential lawns and buildings along both banks.
(QFURDFKPHQWLQWRWKHVWUHDPFRUULGRUFRXSOHGZLWKLQFUHDVHGÀRZVIURPWKHGHYHORSHGXSODQGSODWHDX
have degraded the stream channel (Map 4). Without instream structures to store sediment, sand and gravel
IURPXSVWUHDPDUHDVDUHWUDQVSRUWHGWRWKH3XJHW6RXQGEHDFK7KLVH[SRUWRIVDQGDQGJUDYHOEHQH¿WV
the marine environment, because sediment is critical to the creation and maintenance of marine shoreline
habitats. However, the lack of instream sediment retention affects the creation of stream habitat.
The degradation and further entrenchment of the stream promotes instability of the stream banks, except
where banks are armored. Exceptions to this process can be found in the stream near culverts, which store
sediment just above their upstream ends and where wood has been added by restoration projects (Map 9).
Channel aggradation occurs at culverts under 45th Avenue SW and California Avenue SW, which also
EORFN¿VKSDVVDJH 0DS 7KHQHZGHSRVLWLRQDO]RQHVXSVWUHDPRIWKHVHFXOYHUWVSURYLGHEDFNZDWHU
DUHDVZKLFKDUHGLIIHUHQWIURPWKHULIÀHKDELWDWWKDWZRXOGGHYHORSLIWKHFXOYHUWVZHUHQRWSUHVHQW

Use by Fish and Benthic Invertebrates

Fish Access
Based on historical records and accounts dating back to the 1920s, salmon were not present in Fauntleroy
Creek until the last decade or so (Trotter 2002). There are anecdotal records of historical use of the mouth
and lower watercourse by sea-run cutthroat trout (Washington Trout 2000; Lantz et al. 2006). Today,
coho salmon, the occasional chum salmon, and staghorn sculpin use the watercourse (Lantz et al. 2006).
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Currently, coho salmon are the primary salmonids using Fauntleroy Creek (Table 14). An average of 26
adults enter the watercourse to spawn each fall, although annual numbers vary widely. Carcass counts
represent a minimum level of salmonid use, and the actual number of adult spawners is certainly higher.
5RXJKO\SHUFHQWRIWKHDGXOWVXVLQJ)DXQWOHUR\&UHHNDUHKDWFKHU\¿VKWKDWHLWKHUZHUHUHOHDVHG
into the watercourse as juveniles or strayed from nearby hatcheries. In addition to coho, one chum
salmon carcass was documented in the watercourse in 2001, although no chum redd was found. Based
on the small size of the watercourse and the rather large size of chum salmon, Fauntleroy Creek is not
expected to be a chum spawning area, or to support Chinook, pink, or sockeye salmon.
Table 14. Fauntleroy salmon spawning survey results based on carcass and redd counts.

Year
1999
2000
2001
2002
2003
2004
2005

Chinooka
Carcasses
Redds
–
–
–
–
–
–
–

–
–
–
–
–
–
–

Coho
Carcasses
Redds
28
43
63
3
0
1
44

4
9
16
1
1
1
9

Sockeyeb
Carcasses
Redds
–
–
–
–
–
–
–

–
–
–
–
–
–
–

Chum
Carcasses
Redds
0
0
1
0
0
0
0

0
0
0
0
0
0
0

Sources: McMillan (2005); SPU unpublished data. Values in table are averaged between the two data sources.
Survey conducted in the lower reach of Fauntleroy Creek up to 45th Avenue SW.
a
Chinook do not use Fauntleroy Creek, as the stream is too small to allow for spawning activities.
b
Sockeye salmon are not expected to use the stream, as they need a lake environment for rearing.

Culvert entrance along Fauntleroy Creek (photo by Bennett)

Adult coho spawn in the lower reach of
Fauntleroy Creek up to 45th Avenue SW,
where a culvert acts as a barrier to upstream
migration. Removal of the barrier at the
Fauntleroy Way SW culvert in 1998 was
important in increasing the amount of
accessible habitat in the watercourse (800
feet). Today, the remaining barriers at 45th
Avenue SW and California Avenue SW
SUHYHQWDQDGURPRXV¿VKIURPXVLQJKLJK
quality habitat within Fauntleroy Park,
although use of the upper portions of the
watercourse is also limited by the size and
gradient of the watercourse.

Coho redds have been counted annually since 1999 during SPU spawning surveys. Community
volunteers monitor the number of juveniles emerging from redds and also operate a smolt trap located
just upstream of Fauntleroy Way SW. This trap captures coho fry (less than one year old) that are
ÀXVKHGGRZQVWUHDPGXULQJKLJKÀRZHYHQWVDORQJZLWKFRKRVPROWVWKDWDUHDFWLYHO\RXWPLJUDWLQJWR
Puget Sound after spending one year in the watercourse. It is not known what proportion of the fry and
smolt catches are naturally produced by coho adults spawning in redds, because hatchery-raised fry are
released into Fauntleroy Creek as part of Seattle’s Salmon-in-the-Classroom program.
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The average number of coho smolts caught in the Fauntleroy smolt trap from 2003 through 2006
ranged between 10 and 37 (Table 15). Fry captured in the trap have varied between 37 and 721. Given
that few coho redds are recorded in the watercourse each year, and that typically over 1,100 coho
fry are released into Fauntleroy Creek, these numbers indicate extremely low juvenile coho survival.
Inadequate spawning habitat and poor-quality rearing habitat probably limit the success of coho salmon
in Fauntleroy Creek. Gravel substrates appropriate for spawning are available only to adult coho in a
small area 400 feet in length upstream of Fauntleroy Way SW. The lack of pools in Fauntleroy Creek
DOVRPD\OLPLWVXFFHVVIXOMXYHQLOHUHDULQJLQWKHZDWHUFRXUVH7KHLPSRUWDQFHRISRROKDELWDWLVUHÀHFWHG
by juvenile coho (hatchery releases) in the stream, which tend to congregate in step-pools within the
park (Washington Trout 2000). The few pools that exist are small and shallow, with median depths of
WRIHHWDQGVRPHRIWKHODUJHVWSRROVDUHIRXQGLQWKH¿VKODGGHULQWXUEXOHQWFRQGLWLRQV
Table 15. Fauntleroy annual coho smolt trapping and fry release counts.

Year
2006
2005
2004
2003

Monitoring Period

Total
Smolts

Smolt Size Range

Total
Fry

Released
Hatchery Fry

4/9 to 5/18
3/16 to 5/27
3/3 to 6/10
4/2 to 6/16

23
10
11
37

105 mm – 155 mm
100 mm – 135 mm
97 mm – 123 mm
(used different method)

121
37
572
721

1,633
1,138
1,534
1,254

Source: Linde (2006)

Coho prespawn mortality (PSM) may be another factor in poor fry and smolt production. The coho
prespawn mortality rate in Fauntleroy Creek averages about 39 percent overall (Table 16). This
average is lower than rates in other Seattle watercourses; however, spawning conditions are sometimes
uncertain due to scavenging (62 percent of carcasses). The cause of coho prespawn mortality is not
known, although combinations of water quality, sediment quality, and other environmental factors are
under investigation. No underlying biological causes (such as infection, disease, or parasites) have
EHHQLGHQWL¿HG
Table 16. Fauntleroy coho female prespawn mortality.

Year
1999
2000
2001
2002
2003
2004
2005
Totals

Number of
Spawned
Females

Number of
Unspawned
Females

Number of
Unknown
Spawning
Condition

Total
Number of
Female
Carcasses

Total Number of
Females of Known
Spawning
Condition

PSM
(%)

0
9
8
1
0
0
1
19

3
3
3
0
0
0
3
12

5
8
20
0
0
1
15
49

8
20
31
1
0
1
19
80

3
12
11
1
0
0
4
31

–
25
27
–
–
–
75
39

Sources: McMillan (2005); SPU unpublished data. Values in table are averaged between the two data sources.
PSM = prespawn mortality.
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Benthic Invertebrates
Fauntleroy Creek has nine years of benthic invertebrate data, collected almost every year between 1994
and 2004, sampled from a site in the middle reach of the watercourse (Map 2, FA03; Table 17). Overall,
the biota in Fauntleroy are among the healthiest in Seattle, with benthic index (B-IBI) scores ranging
from 20 (poor) to 36 (fair; see Appendix C). Unfortunately, only two of the nine samples met the
minimum target threshold of 400 macroinvertebrate individuals; in 1995 the index score was 36, and
in 2002 the score was 26. Sampling in 1998
The number of individuals collected in an
came close to the minimum target threshold
LQYHUWHEUDWHVDPSOHLQÀXHQFHVWKHQXPEHURIWD[D
(305 individuals), receiving a score of 26.
counted because the more individuals collected, the
6DPSOHVZLWKRXWVXI¿FLHQWQXPEHUVWRPHHW
higher probability of detecting a new taxon (Larsen
the threshold scored between 20 and 28,
DQG+HUOLK\ 7RDFFXUDWHO\PHDVXUHWD[D
ULFKQHVVDFRXQWVDPSOHLVSUHIHUUHG
averaging 27 (n = 5). The scores for samples
meeting the minimum threshold averaged
31 (n = 2).
Table 17. Fauntleroy average benthic index scores.

Reach

Collection Sites

Years Sampled

Average
B-IBI
Score a

FA03

FA01, FA02, FA03

1994–1996, 1998–2002, 2004

31

Range
(all samples)
20–36

a

Average of samples with numbers greater than the minimum threshold.
B-IBI = Benthic index of biotic integrity.

Based on the detailed data associated with the benthic sampling,
Benthic index scores:
Fauntleroy Creek appears to have some characteristics distinguishing
10–16
very poor
it from other Seattle watercourses. Fauntleroy Creek contains more
18–26
poor
EHQWKLF SUHGDWRU VSHFLHV DQG VWRQHÀLHV IHZHU FOLQJHU VSHFLHV DQG D
28–36
fair
lower percentage of species tolerant of degraded conditions (10–35
38–44
good
46–50
excellent
percent, as opposed to 40–60 percent in some of the lowest B-IBI-rated
sites on Thornton Creek, which indicates better habitat conditions).
These benthic invertebrate community characteristics indicate a generally positive biological condition.
Also notable are some differences seen among the tolerant species found in Fauntleroy Creek. Some
common tolerant species (e.g., leeches and planaria) were not found in Fauntleroy samples; however,
two other tolerant species that tend to be rare in other Seattle watercourses were found in Fauntleroy
VDPSOHV WKH EXUURZLQJ ¿QJHUQDLO FODPV Sphaeridae and Pisidium. In 2004, a moderately tolerant
PD\À\WKDWUHTXLUHVJRRGVWUHDPÀRZDQGZDWHUTXDOLW\FRQGLWLRQV Rithrogena) was also found for the
¿UVWWLPHRQUHFRUGLQD6HDWWOHZDWHUFRXUVH
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Longfellow Creek Key Findings
As shown in Figure 16, Longfellow Creek overall is in rather poor shape, with a heavily urbanized
ZDWHUVKHG+RZHYHULWSURYLGHVDIHZEHQH¿FLDOSK\VLFDOVWUHDPFRQGLWLRQV

 Habitat restoration projects along the watercourse have increased instream and riparian habitat
TXDOLW\LQVRPHORFDWLRQVKDYHUHGXFHGÀRRGLQJDQGKDYHLQFUHDVHGRSHQVSDFH



The 800-foot instream wetland within the West Seattle golf course stores sediment, improves
GRZQVWUHDPZDWHUTXDOLW\DQGKHOSVWRUHWDUGÀRZV

 Riparian vegetation within the golf course provides shading to the stream and provides some bank
stability.

 Concentrations of toxic materials (metals and ammonia) in the watercourse are generally low.
Water quality and stream conditions in Longfellow Creek are degraded in several ways:

 Altered hydrology induced by urban development in the watershed has increased the 2-year storm
HYHQWUXQRIIE\¿YHIROGRYHUSUHGHYHORSPHQWFRQGLWLRQV7KHVHKLJKÀRZVFRQWULEXWHWREDQNDQG
VWUHDPEHGHURVLRQDQGÀRRGLQJ

 Conventional water quality indicators exceed water quality criteria.

Fecal coliform bacteria levels
exceeded the criterion for primary contact recreation (100 colony-forming units per 100 milliliters)
in all but one of the last ten years (100 to 1,100 cfu/100 mL). Water temperatures and dissolved
oxygen levels are problematic in summer months; over the past 14 years, 2 to 4 percent of water
samples exceeded the temperature criterion, and 2 to 3 percent exceeded the dissolved oxygen
criterion.

 Concentrations of toxic materials

PHWDOV  DUH UHODWLYHO\ ORZ XQGHU QRQVWRUP ÀRZ FRQGLWLRQV 
+RZHYHU  SHUFHQW RI QRQVWRUP ÀRZ VDPSOHV  VDPSOHV  DQG VWRUP ÀRZ VDPSOHV RQH
sample) exceeded the human health criterion for total arsenic.

 Concentrations of nutrients (total nitrogen and total phosphorus) frequently exceed established
benchmarks (100 and 9 percent exceedances, respectively, for total nitrogen and total phosphorus
XQGHUQRQVWRUPÀRZFRQGLWLRQVDQGSHUFHQWH[FHHGDQFHRIWKHWRWDOSKRVSKRUXVEHQFKPDUN
XQGHUVWRUPÀRZFRQGLWLRQV 

 /DFNRIÀRRGSODLQFRQQHFWLRQVDQGLQVWUHDPVWUXFWXUHDQGDKLJKO\IUDJPHQWHGULSDULDQIRUHVW
DORQJ PRVW RI WKH ZDWHUFRXUVH KDYH OHG WR LQVXI¿FLHQW UHIXJH RU SRRO KDELWDW EDQN LQVWDELOLW\
ÀRRGLQJHOHYDWHGZDWHUWHPSHUDWXUHVDQGODFNRILQVWUHDPJUDYHOV

 Fish passage barriersZLWKLQWKHJROIFRXUVHOLPLWDQDGURPRXV¿VKWRWKHORZHUSHUFHQWRIWKH
watercourse.

 Benthic index of biotic integrity (B-IBI) scores are poor, ranging from 12 to 18.
 Coho prespawn mortality rates are high, averaging 71 percent.
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The Longfellow Creek Watershed
Seattle’s second largest watershed, the Longfellow Creek basin, is located in West Seattle. The
Longfellow watershed covers 1,729 acres, or 2.7 square miles, with 4.6 miles of watercourse length.
The structure of Longfellow Creek is very different from the other major Seattle watercourses; the
watercourse is dominated by a single channel with a few short tributaries. The watercourse includes 3.9
miles of main channel, one-third of which (6,350 feet) is piped, and 0.7 miles of tributaries.
Also in contrast to other major watercourses in Seattle, Longfellow Creek has limited areas with steep
UDYLQHVDQGKLJKZDWHUFRXUVHJUDGLHQWV7KHZDWHUFRXUVHÀRZVWKURXJKDEURDGYDOOH\ 'HOULGJH9DOOH\ 
which historically, prior to urbanization, would have allowed wide meandering of the stream and extensive
YDOOH\ERWWRPZHWODQGV 6HDWWOH /RQJIHOORZ&UHHNÀRZVIURPVRXWKWRQRUWKGURSSLQJIHHW
in elevation from its headwaters near the southern city limits to its mouth at the Duwamish River near
Harbor Island. The watercourse discharges to the Duwamish River through a 3,250-foot culvert.
7KHVXU¿FLDOJHRORJ\RIWKHXSSHUSRUWLRQRIWKH/RQJIHOORZ&UHHNZDWHUVKHGFRQVLVWVRIWLOOWKDWLV
GHQVHDQGFRPSDFWZLWKSUHGRPLQDQWO\ORZLQ¿OWUDWLRQUDWHV 7URRVWHWDO +LVWRULFDOO\WKHWLOO
substrates coupled with peat and wetland deposits created large wetlands and peat bogs in the upper
EDVLQ 6HDWWOH    7KH ZDWHUFRXUVH ÀRZV WKURXJK GHSRVLWV RI FOD\ DQG VLOW WKURXJK WKH PLGGOH
SRUWLRQRIWKHZDWHUVKHGZKLFKDUHPRGHUDWHO\SHUPHDEOHWRZDWHU7KHORZHUZDWHUFRXUVHUHÀHFWV
the geomorphic history of the basin, which has been slowly eroding and washing glacial sediment
downstream (Stoker and Perkins 2005).
Downstream of the southern boundary of the West Seattle golf course, the stream has eroded through the
YDOOH\ÀRRUFUHDWLQJLQQHUYDOOH\ZDOOVDERXWIHHWKLJKZLWKLQWKHZLGHU'HOULGJH9DOOH\7KLVLQQHU
valley bottom mostly contains sediment eroded from upstream areas, primarily sands and gravels. While
Delridge Valley abuts some steep valley walls, they do not contribute much sediment to Longfellow Creek,
because the valley is too wide for landslide material to reach the channel. Historically, the stream would
KDYHPHDQGHUHGDFURVVWKHÀRRGSODLQWRUHFUXLWVHGLPHQWEXWWRGD\PRVWRIWKHVHGLPHQWFRPHVIURP
HURVLRQRIWKHFKDQQHOEHGDQGVWUHDPEDQNV7KHZDWHUFRXUVHPRXWKKLVWRULFDOO\XQGHUODLQE\WLGHÀDW
GHSRVLWVRI(OOLRWW%D\WRGD\FRQWDLQVDUWL¿FLDO¿OO)LOOKDVDOVREHHQXVHGLQDPDMRULW\RIWKHKHDGZDWHU
wetlands and in the West Seattle golf course area to create conditions suitable for development.
Development in the Longfellow Creek basin has occurred at a slower rate than in most other areas
of Seattle. While initial development at the mouth of the watercourse began in the 1880s, it was not
until 1905 that the community of Youngstown was developed to support a local steel mill built on the
shore of Young’s Cove. Urbanization followed the extension of trolley lines up the eastern and western
sides of the Longfellow Creek valley (Trotter 2002). Although the upper portions of the watershed
ZHUHORJJHGHDUO\RQZHWODQGVRQWKH'HOULGJH9DOOH\ÀRRUGHWHUUHGERWKORJJLQJDQGGHYHORSPHQW
LQWKHVWUHDPÀRRGSODLQ8UEDQL]DWLRQLQWKHXSSHUYDOOH\RFFXUUHGPDLQO\LQWKHVDQGV
(Longfellow Creek Watershed Management Committee 1992).
Today, residential neighborhoods comprise roughly 32 percent of the Longfellow watershed, while
transportation infrastructure such as streets, parking lots, and rights-of-way total 22 percent of the basin
area (Figure 17). Industrial and commercial uses are concentrated near the mouth of the watercourse
(where the steel mill is still in operation) and comprise 21 percent of the land use in the basin. Commercial
uses also include several large shopping centers at the southern end (headwaters) of the watershed.
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Approximately 16 percent of the watershed is
undeveloped, mostly preserved as park land or open
space. Nearly 50 percent of this open space is located
adjacent to the stream channel. Overall, 52 percent of
the watershed is covered by impervious surfaces such
as asphalt, concrete, and buildings (Alberti et al. 2004).
The impervious surfaces are concentrated in the upper
watershed and at the watercourse mouth (Hartley and
*UHYH ERWKRIZKLFKDUHDVVRFLDWHGZLWK¿OODQGD
higher level of commercial and industrial development
(Map 10 in the map folio accompanying this report).
Almost the entire Longfellow Creek watershed drains
to a formal drainage system (99 percent).

Figure 17. Land uses in the Longfellow
Creek watershed.

In areas with formal drainage systems, stormwater
runoff enters a pipe or ditch and is quickly carried
to a watercourse, causing large amounts of water
to be discharged to the watercourse over a short
WLPHSHULRG

Watershed-Scale Conditions

Longfellow Creek Hydrology
/RQJIHOORZ&UHHNÀRZV\HDUURXQGKRZHYHUDYDLODEOHK\GURORJLF
A hydrograph is a plot that
GDWDDUHLQVXI¿FLHQWWRDFFXUDWHO\FKDUDFWHUL]HÀRZFRQGLWLRQV7KH
VKRZVFKDQJHVLQÀRZRYHU
PRVW FRPSOHWH GDWD VHW IRU /RQJIHOORZ &UHHN VWUHDP ÀRZ ZKLFK
time, such as increasing
includes some data gaps, was collected from November 2004
ÀRZVDVVRFLDWHGZLWKVWRUP
HYHQWV
through December 2005 (Figure 18). From this limited data set,
WKHKLJKHVWÀRZUHFRUGHGRQ/RQJIHOORZ&UHHNZDVFXELFIHHW
SHUVHFRQG FIV ZLWKDGD\ORZÀRZOHYHORIFIV,QJHQHUDOWKHK\GURJUDSKRIWKHZDWHUFRXUVH
shows typical characteristics associated with urban development in the watershed.
Urbanization increases the amount of impervious surface area in the
A 2-year storm event occurs
watershed, which drains stormwater to watercourses more quickly
every 2 years on average,
DQGFDXVHVKLJKHUWKDQQRUPDOSHDNVLQÀRZ7KHVHSHDNVULVHDQGIDOO
or has a 50% chance of
UDSLGO\DQGSURGXFHDFKDUDFWHULVWLFÀDVKLQHVVLQWKHZDWHUFRXUVH¶V
RFFXUULQJDQ\JLYHQ\HDU
K\GURJUDSK 7KLV ÀDVK\ EHKDYLRU LV HYLGHQW LQ /RQJIHOORZ &UHHN
during the November 2004 through December 2005 period of record (Figure 18). It is estimated from
hydrologic models that the magnitude of the 2-year storm event runoff has increased approximately
¿YHIROG RYHU WKDW H[SHFWHG XQGHU IRUHVWHG FRQGLWLRQV DW WKH PRXWK RI WKH ZDWHUFRXUVH +DUWOH\ DQG
Greve 2005).
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)LJXUH/RQJIHOORZPHDQGDLO\ÀRZVUHFRUGHGDW:HVW6HDWWOHJROIFRXUVHJDXJH

1RYHPEHU±'HFHPEHU
Historically, the Longfellow Creek watershed drained an area of 2,810 acres, or 4.4 square miles. As
the basin has become developed, drainage from much of the watershed has been redirected away from
the watercourse, either through storm drains connected to the wastewater system, or through drainage
LQIUDVWUXFWXUHWKDWGLUHFWVÀRZRXWRIWKHEDVLQ7RGD\WKHDUHDGUDLQLQJWRWKHZDWHUFRXUVHLVDERXW
percent of the size of the former basin. Similarly, the stream channel is shorter than it was historically,
reduced from 4.9 miles of main stem channel to 3.9 miles today.
Currently, 64 storm drains discharge stormwater runoff directly to Longfellow Creek (13.9 outfalls
SHU ZDWHUFRXUVH PLOH   7KUHH DGGLWLRQDO RXWIDOOV LQIUHTXHQWO\ GHOLYHU FRPELQHG VHZHU RYHUÀRZV
&62V WRWKHZDWHUFRXUVH2YHUÀRZVRFFXULQWKHFRPELQHGVHZHUV\VWHPGXULQJODUJHVWRUPHYHQWV
ZKHQWKHFRPELQDWLRQRIVWRUPZDWHUDQGZDVWHZDWHUÀRZVH[FHHGWKHFDSDFLW\RIWKHSLSH8QGHU
WKHVH FRQGLWLRQV H[FHVV ÀRZ LV GLVFKDUJHG WR QHDUE\ UHFHLYLQJ ZDWHU ERGLHV WR SUHYHQW ZDVWHZDWHU
EDFNXSV7KHVHGLVFKDUJHV²NQRZQDVFRPELQHGVHZHURYHUÀRZV²FRQWDLQDPL[WXUHRIVWRUPZDWHU
DQGXQWUHDWHGZDVWHZDWHUDOWKRXJKVWRUPZDWHUXVXDOO\FRQVWLWXWHVWKHPDMRULW\RIWKHÀRZ
7KHDUHDVWKDWKDYHWKHKLJKHVWSRWHQWLDOWRFRQWULEXWHODUJHVWRUPÀRZVTXLFNO\DUHORFDWHGLQWKHXSSHU
portion of the basin (Map 13 in the map folio accompanying this report). Although the upper portion
of the basin has the lowest gradient, it is characterized by high levels of impervious surfaces and some
areas with low permeability.
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Due to the long, narrow shape of the Longfellow Creek
basin, there are few unusually large subcatchments or large
WULEXWDULHVFRQWULEXWLQJÀRZWRWKHZDWHUFRXUVH7KHUHIRUH
LQVWUHDP ÀRZV ZRXOG EH H[SHFWHG WR LQFUHDVH JUDGXDOO\
from the headwaters of the watercourse to its mouth.
+RZHYHU ÀRRGLQJ RFFXUV DORQJ WKH ZDWHUFRXUVH GXH WR
its altered hydrology caused by urbanization. In order to
PLQLPL]H ÀRRGLQJ DQ RYHUÀRZ SLSH KDV EHHQ LQVWDOOHG LQ
the watercourse between SW Juneau Street and SW Findlay
Street, along with an instream detention pond at SW Webster
Street. A natural drainage system project has been completed
at Highpoint (near 35th Avenue SW and SW Juneau Street)
to control stormwater runoff and increase onsite detention
for approximately 120 acres.

Webster detention pond along Longfellow
Creek (photo by Bennett)

Longfellow Creek Water Quality
Water quality in Longfellow Creek has been affected by urban activities in the watershed. Sediment
quality data are not currently available. Stormwater runoff from urban areas can contain elevated
concentrations of nutrients, bacteria, metals, pesticides, and other organic pollutants such as petroleum
hydrocarbons and phthalates. These chemicals, which wash off roadways, yards, and roofs during
rainfall events, come from a variety of sources, such as fertilizers and pesticides used on lawns and
gardens, pet waste, cleaners and paints, and automobile emissions.
,QDGGLWLRQWRXUEDQVWRUPZDWHUUXQRII/RQJIHOORZ&UHHNUHFHLYHVFRPELQHGVHZHURYHUÀRZVIURP
WKUHH VHSDUDWH RXWIDOOV  7R UHGXFH WKHVH RYHUÀRZ HYHQWV 6HDWWOH 3XEOLF 8WLOLWLHV 638  LQVWDOOHG D
199,000-gallon storage tank in 1983 and two 1.6-million-gallon storage tanks in 1984. It is estimated
WKDW WKH VWRUDJH WDQNV DUH ODUJH HQRXJK WR FRQWURO ÀRZ DQG SUHYHQW RYHUÀRZV XS WR DQG LQFOXGLQJ
UXQRII IURP D \HDU VWRUP HYHQW  +RZHYHU DV VKRZQ LQ 7DEOH  RYHUÀRZV FRQWLQXH WR RFFXU 
638LVFXUUHQWO\ZRUNLQJWRLPSURYHWKHDFFXUDF\RIWKHFRPELQHGVHZHURYHUÀRZPRQLWRULQJV\VWHP
DQGWRUHGXFHWKHQXPEHURIRYHUÀRZVWR/RQJIHOORZ&UHHNIRFXVLQJRQLPSURYLQJPDLQWHQDQFHDQG
operation of the storage systems. A major water quality problem associated with combined sewer
RYHUÀRZVLVDQLQFUHDVHLQOHYHOVRIEDFWHULDUHVXOWLQJIURPLQSXWVRIXQWUHDWHGVDQLWDU\ZDVWHZDWHU
7DEOH&RPELQHGVHZHURYHUÀRZVWR/RQJIHOORZ&UHHN±
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Year

Overflow Frequency
(events/year)

Total Overflow Volume
(gallons/year)

1998
1999
2000
2001
2002
2003
2004
2005

5
1
0
5
0
4
6
11

2,304,800
208,500
0
7,423,500
0
757,200
6,916,300
127,000,000
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$OWKRXJKFOHDUFRQQHFWLRQVDQGWKUHVKROGVDUHGLI¿FXOWWRGHPRQVWUDWHGHJUDGHGZDWHUDQGVHGLPHQW
quality may affect aquatic organisms in Longfellow Creek. Water quality is being investigated as a
potential contributor to the unusually high rates of coho salmon prespawn mortality reported in urban
watercourses in Puget Sound since 1999, as discussed later in this chapter.
The following subsections describe existing water quality conditions in Longfellow Creek in general
terms, based on available data. More detailed tables and summary statistics for all water quality data
are presented in Appendix B.
Table 19 presents summary statistics for conventional water
quality indicators based on monthly samples collected by
King County between 1979 and 2005. All water quality
data summary statistics and time series plots are provided
in Appendix B. The results for each indicator are discussed
separately in the following subsections.

Conventional water quality
indicators include dissolved oxygen,
water temperature, turbidity, total
suspended solids, pH, and fecal
FROLIRUPEDFWHULD

7DEOH/RQJIHOORZVXPPDU\VWDWLVWLFVIRUFRQYHQWLRQDOZDWHUTXDOLW\SDUDPHWHUVFROOHFWHG
by King County.
Dissolved
Oxygen
(mg/L)

Temperature
(degrees C)

Fecal
Coliform
Bacteria
(cfu/100 mL)

pH

Total
Suspended
Solids
(mg/L)

Turbidity
(NTU)

Longfellow Creek at SW Brandon Street (J370, upstream station collected 1979–1982; 1990–2005 )
No. of samples
168
158
168
165
139
Minimum
6.5
3.0
10
5.2
0.5
Maximum
14
19.2
39,000
8.9
203
Median
10.2
10.9
410
7.7
2.1
Mean
10.2
11.0
1,346
7.6
7.2
5th percentile
8.7
6.0
59.05
6.9
0.8
95th percentile
12
16.0
6,000
8.2
20.1
Criteria a
8
17.5
100
6.5–8.5
–

170
0.5
93
2.5
5.7
1.0
20
–

Longfellow Creek at SW Yancy Street (C370, downstream station collected 1992–2005)
No. of samples
217
197
214
215
Minimum
7.1
1.2
9
6.3
Maximum
15.0
20.2
25,000
9.4
Median
10.6
11.0
350
7.8
Mean
10.6
11.1
1,258
7.7
5th percentile
8.6
5.0
46
7.0
95th percentile
13.0
17.0
6,000
8.5
Criteria a
8
17.5
100
6.5–8.5

221
0.5
160
3.8
9.8
1.5
41
–

182
0.3
463
3.5
12.5
1.1
33.8
–

a

Established criteria from WAC 173-201A. See Part 3 of this report for more details.
Data source: King County (undated).
mg/L = milligrams per liter.
cfu/100 mL = colony-forming units per 100 milliliters.
NTU = nephelometric turbidity units.

In 2004, the Department of Ecology included Longfellow Creek on the list of threatened and impaired
water bodies under Clean Water Act Section 303(d), listing the watercourse as a category 5 water body
for fecal coliform bacteria. Accordingly, a total maximum daily load (TMDL) limit for fecal coliform
bacteria is required for Longfellow Creek based on demonstrated exceedances of the state water quality
FULWHULRQ (FRORJ\ ,QDGGLWLRQ(FRORJ\KDVLGHQWL¿HG/RQJIHOORZ&UHHNDVDZDWHUERG\RI
concern (i.e., category 2) for dissolved oxygen, temperature, and pH.
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Dissolved Oxygen and Temperature
Dissolved oxygen and temperature have been measured monthly by King County during the period of
record on Longfellow Creek at an upstream location (near SW Brandon Street) and a downstream location
(near SW Yancy Street). At both locations, dissolved oxygen and temperature followed seasonal patterns,
with temperature readings lowest in winter and highest in summer, and dissolved oxygen concentrations
highest in winter and lowest in summer (Figure 19). These patterns are typical; as temperature increases,
dissolved oxygen concentrations decrease based on changes in the solubility of oxygen.

Figure 19. Longfellow dissolved oxygen and temperature measured near SW Yancy Street.
During the summer months, Longfellow Creek periodically fails to meet the dissolved oxygen and
temperature criteria for the watercourse’s designated uses of salmonid spawning, rearing, and
migration. Over the entire period of record, dissolved oxygen failed to meet the criterion of 8.0 mg/L
in approximately 3 percent of the samples at the upstream location and in approximately 2 percent of
the samples at the downstream location. During this same time period, temperature was recorded on
a monthly basis only; consequently, these data are not directly comparable to the revised temperature
criterion, which is based on the 7-day average of the daily maximum temperature. Therefore, based
on the 1997 temperature criterion of 16.0ºC, water temperatures measured between 1992 and 2005
exceeded the criterion in 1 to 2 percent of the upstream and downstream samples, respectively.
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During the 2001–2003 period, SPU monitored temperatures in Longfellow Creek at 30-minute intervals
to evaluate temporal patterns at the downstream location. These data can be compared to the Ecology
(2006a) amended temperature criterion, which is based on the 7-day average of the daily maximum
temperature. The updated temperature criterion for Longfellow Creek (17.5ºC) was exceeded from midJune into September (Figure 20). This pattern corresponds to approximately 7 percent of the samples
collected between October 2001 and April 2003. A summary of dissolved oxygen and temperature
sample statistics and time series plots is provided in Appendix B.

Figure 20. Longfellow temperatures measured near SW Yancy Street.
'LVVROYHGR[\JHQOHYHOVFDQEHLQÀXHQFHGE\VHYHUDOIDFWRUV,QSXWVRIUHODWLYHO\ZDUPVWRUPZDWHU
runoff can cause temperatures in watercourses to increase above naturally occurring levels. In addition,
FKDQQHO VLPSOL¿FDWLRQ UHVXOWLQJ IURP VXFK DFWLRQV DV OHYHH FRQVWUXFWLRQ EDQN KDUGHQLQJ FKDQQHO
straightening, dredging, and woody debris removal can reduce the hyporheic exchange in streams that
helps to promote lower water temperatures. Hyporheic exchange refers to the mixing of surface water
and ground water beneath the active stream channel and riparian zone. Finally, reduced shading in
streams due to removal of the riparian canopy can cause water temperatures to increase.

Turbidity and Suspended Solids
Historical data for turbidity and total suspended solids, summarized in Table 19, indicate that
particulate levels in Longfellow Creek generally increase between the upstream station at SW Brandon
Street and the downstream station at SW Yancy Street. For example, the median values of suspended solids
and turbidity at SW Yancy Street (3.5 mg/L and 3.8 nephelometric turbidity units [NTU], respectively)
are greater than those measured at SW Brandon Street (2.1 mg/L and 2.5 NTU, respectively). A summary
of turbidity and total suspended solids statistics and time series plots is provided in Appendix B.
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%DFNJURXQGWXUELGLW\FRQGLWLRQVFDQEHGLI¿FXOWWRHVWDEOLVKLQ6HDWWOH¶VXUEDQZDWHUFRXUVHV7\SLFDOO\
background conditions are determined from samples collected upstream of a particular source input
to a watercourse, such as a construction site, storm drain outfall, or municipal or industrial discharge.
%DFNJURXQGFRQGLWLRQVDUHWKHQFRPSDUHGWRVDPSOHVFROOHFWHGGRZQVWUHDPRIDVSHFL¿FVRXUFHLQSXW
to determine compliance with the turbidity standard. Because the monitoring stations in Longfellow
&UHHNDUHQRWORFDWHGXSVWUHDPDQGGRZQVWUHDPRIVSHFL¿FVRXUFHLQSXWVWKHVHGDWDDUHQRWVXLWDEOHIRU
assessing compliance with the turbidity standard.
,QFUHDVHV LQ WXUELGLW\ DQG VXVSHQGHG VROLGV W\SLFDOO\ UHVXOW IURP ODUJHU VWRUP ÀRZV DVVRFLDWHG ZLWK
XUEDQL]DWLRQLQWKHZDWHUVKHG/DUJHU SHDN ÀRZV WHQGWR HURGHWKHVWUHDPEHGDQG HQWUDLQSDUWLFOHV
PRUH HIIHFWLYHO\ WKDQ VPDOOHU OHVV IUHTXHQW VWRUP ÀRZV  ,Q DGGLWLRQ XUEDQ VWUHDP EDQNV W\SLFDOO\
HURGHPRUHHDVLO\DVULSDULDQYHJHWDWLRQLVUHPRYHGRUPRGL¿HGUHVXOWLQJLQLQFUHDVHGWXUELGLW\DQG
suspended solids downstream, particularly during storms. Finally, turbidity and suspended solids tend
to increase downstream in urban watercourses due to unnaturally high inputs of turbid water resulting
from upland construction activities and ground disturbance.

pH Conditions
The pH levels in Longfellow Creek at SW Brandon Street and SW Yancy Street rarely exceed the state
water quality criterion (i.e., pH greater than 6.5 and less than 8.5). For example, over the 27-year
monitoring period, less than 6 percent of the samples collected from the SW Yancy station were outside
the acceptable range (two samples were less than 6.5 and ten samples were greater than 8.5). The last
pH excursion occurred in 2000. Similarly, only 3 percent of the samples collected at the SW Brandon
station between 1992 and 2005 were outside the acceptable range (one sample was less than 6.5 and
three samples were greater than 8.5). The last pH excursion at SW Brandon Street occurred in 1998.

Fecal Coliform Bacteria
Fecal coliform bacteria data for Longfellow Creek were collected at SW Brandon Street and SW Yancy
Street monthly from 1996 through 2005 by King County as part of its Stream Monitoring Program.
6DPSOHVZHUHFROOHFWHGGXULQJERWKVWRUPDQGQRQVWRUPÀRZFRQGLWLRQVPRUHRIWHQGXULQJSHULRGVZLWK
little or no rainfall. Bacteria levels were quite variable, ranging over three orders of magnitude. Levels
at SW Brandon Street (upstream) were similar to the levels measured at SW Yancy Street (downstream)
(see Table 19). Fecal coliform bacteria levels frequently exceeded the state water quality criteria for
primary contact recreation (i.e., a geometric mean of 100 colony-forming units per 100 milliliters [100
cfu/100 mL], with no more than 10 percent exceeding 200 cfu/100 mL [Ecology 2006a]). The annual
geometric mean fecal coliform counts at SW Brandon Street always exceeded the 100 cfu/100 mL
criterion. In addition, the SW Brandon Street samples exceeded the 200 cfu/100 mL criterion every
year, with 43 to 92 percent of the samples exceeding the limit (Table 20).
In all years but 2005, the annual geometric mean fecal coliform counts at SW Yancy Street were well
above the 100 cfu/100 mL criterion, and 55 to 92 percent of the samples exceeded the 200 cfu/100 mL
criterion. The 200 cfu/100 mL criterion was met only once, at SW Yancy Street in 2005, when only 8
percent of samples exceeded 200 cfu/100 mL (Table 20).
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7DEOH/RQJIHOORZIHFDOFROLIRUPEDFWHULDGDWDFROOHFWHGE\.LQJ&RXQW\±
Fecal Coliform Bacteria (cfu/100 mL)
Geometric
Mean

Percentage Greater
than 200

Longfellow Creek at SW Brandon Street (J370, upstream station)
1996
13
56
2,000
1997
12
38
20,000
1998
11
61
9,100
1999
12
53
3,200
2000
13
130
1,900
2001
17
63
39,000
2002
15
68
2,700
2003
13
28
730
2004
16
10
760
2005
14
58
1,700

210
320
980
380
730
860
360
300
260
220

45
58
82
67
92
82
73
85
69
43

Longfellow Creek at SW Yancy Street (C370, downstream station)
1996
9
9
10,000
1997
12
28
5,500
1998
11
73
10,000
1999
9
50
1,800
2000
16
70
2,100
2001
17
82
16,000
2002
18
33
6,200
2003
13
25
25,000
2004
11
40
610
2005
13
35
340

440
460
1,100
270
490
890
330
200
150
100

82
75
91
44
84
82
61
46
55
8

Year

Number of
Samples

Minimum

Maximum

Data source: King County (undated).
cfu/100 mL = colony-forming units per 100 milliliters

In addition to the King County data, Ecology (2006c) measured fecal coliform bacteria in 13 samples
collected between September 2003 and September 2004 in Longfellow Creek upstream of 24th–25th
avenues SW (station 09J090). The fecal coliform counts at this upstream location were slightly lower
then those reported at SW Brandon and SW Yancy Streets. Eleven of these 13 samples (85 percent)
were collected during dry-weather conditions. Measurable rainfall occurred only on October 19, 2003
(0.07 inches) and November 17, 2003 (0.52 inches). However, fecal coliform counts still exceeded
both criteria, with a geometric mean of 140 cfu/100 mL and 23 percent of the samples exceeding 200
cfu/100 mL on an annual basis.
Stormwater samples were collected by SPU at one station in Longfellow Creek two or three times each
year beginning in 1999. As expected, the stormwater samples generally contained higher levels of fecal
FROLIRUPEDFWHULDWKDQQRQVWRUPÀRZVDPSOHVFROOHFWHGE\.LQJ&RXQW\DQG(FRORJ\7KHJHRPHWULF
PHDQIRUQRQVWRUPÀRZVDPSOHVUDQJHGIURPWRFIXP/FRPSDUHGZLWKWR
cfu/100 mL in the stormwater samples. Furthermore, 100 percent of the stormwater samples exceeded
200 cfu/100 mL on an annual basis.
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Potential sources of fecal coliform bacteria in urban watercourses are wildlife and pet wastes, leaking
ZDVWHZDWHUV\VWHPVIDLOLQJVHSWLFV\VWHPVZDVWHZDWHUWUHDWPHQWSODQWHIÀXHQWDQGFRPELQHGVHZHU
RYHUÀRZ HYHQWV  6WRUPZDWHU UXQRII IURP XUEDQ GHYHORSPHQW FDQ HDVLO\ ZDVK EDFWHULD IURP WKHVH
sources into urban watercourses. The exact source of bacteria in Longfellow Creek is unknown;
however, data from other microbial source tracing studies in Seattle urban watercourses (i.e., Piper’s
Creek and Thornton Creek), have shown the primary source to be pet and wildlife wastes.

Metals
Fourteen priority pollutant metals with recommended
For the purposes of this report, the
water quality criteria for the protection of aquatic life
King County and Ecology samples are
and human health in surface waters were reviewed
FDOOHGQRQVWRUPÀRZVDPSOHVDQG
(see Table 9). Sampling records for Longfellow Creek
638VDPSOHVDUHFDOOHGVWRUPÀRZ
VDPSOHV
XQGHU VWRUP DQG QRQVWRUP ÀRZ FRQGLWLRQV DUH OLPLWHG
The metals data have a short historical record; samples were
collected only 11 times from December 2001 through March 2005. However, metals concentrations
reported for Longfellow Creek were low, with only 14 to 52 percent of samples above detection limits.
Metals concentrations can be determined as the total metal concentration, as well as the dissolved
fraction of the total concentration. Dissolved metals are commonly believed to be more bioavailable
than particulate-bound metals.
King County (2006b) and Ecology (2006c) analyzed dissolved metals in 11 samples collected between
December 13, 2001 and March 26, 2005 at two stations in Longfellow Creek (stations 09J090 and
&0DS 0HWDOVFRQFHQWUDWLRQVGXULQJQRQVWRUPÀRZHYHQWVZHUHYHU\ORZDQGWKHUHZHUH
no exceedances of the chronic or acute criteria for any metal analyzed. Similarly, dissolved metals
FRQFHQWUDWLRQV LQ /RQJIHOORZ &UHHN ZHUH DOVR ORZ GXULQJ VWRUP ÀRZ HYHQWV  638 DQDO\]HG HLJKW
stormwater samples collected between June 27, 2001 and July 8, 2005 at three stations on Longfellow
Creek (stations LF-98B, LF-Graham, and LF-Yancy; Map 11); these samples showed no exceedances
of the chronic or acute criteria for any metal analyzed.
7RWDOPHWDOVZHUHDQDO\]HGIRUVHYHQVDPSOHGDWHVXQGHUQRQVWRUPÀRZFRQGLWLRQVDWVWDWLRQ-
C370, and J370 with no exceedances of aquatic life toxicity criteria. Total arsenic results exceeded the
KXPDQKHDOWKFULWHULRQRIJ/SHUFHQWRIWKHWLPHXQGHUERWKQRQVWRUPÀRZFRQGLWLRQV
VDPSOHV DQGVWRUPÀRZFRQGLWLRQV RQHVDPSOH 7KLVGULQNLQJZDWHUFULWHULRQDSSOLHVWRKXPDQ
FRQVXPSWLRQRIZDWHUDQG¿VK VHH7DEOH 7KHUHIRUHWKHULVNWRKXPDQKHDOWKLVPLQLPDOLISHRSOH
GR QRW GULQN WKH ZDWHU RU FRQVXPH ¿VK IURP WKH VWUHDP $OWKRXJK WKH KXPDQ KHDOWK FULWHULRQ IRU
arsenic is frequently exceeded, the aquatic life chronic and acute toxicity criteria are seldom exceeded.
,QJHQHUDOPRVWPHWDOVFRQFHQWUDWLRQVZHUHVOLJKWO\KLJKHUGXULQJVWRUPÀRZWKDQQRQVWRUPÀRZ$
summary of metals sample statistics and time series plots is provided in Appendix B.
Metal pollutants accumulate on impervious surfaces in urban watersheds and are washed off during
VWRUPV,QDGGLWLRQVRPHPHWDOVDUHERXQGWRVHGLPHQWVVRDVVWRUPÀRZVHQWUDLQVRLODQGVHGLPHQW
metals are more easily transported to watercourses. Sources of metal pollutants include wear and
tear of vehicle parts (e.g., brake pads, tires, rust, and engine parts), atmospheric deposition, common
EXLOGLQJPDWHULDOV HJJDOYDQL]HGÀDVKLQJDQGPHWDOGRZQVSRXWV DQGURRIPDLQWHQDQFHDFWLYLWLHV
(e.g., moss control).
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Nutrients
8QGHU QRQVWRUP ÀRZ FRQGLWLRQV .LQJ &RXQW\ XQGDWHG  DQG (FRORJ\ XQGDWHG  DQDO\]HG QXWULHQWV LH
ammonia-N, nitrate+nitrite, total nitrogen, and total phosphorus) in approximately 188 samples collected
between April 15, 1998 and December 14, 2005 at three
stations (09J090, C370, and J370; Map 11). Ammonia
Because benchmarks represent surface
water quality conditions that are
IUHTXHQWO\H[FHHGHGHVWDEOLVKHGFULWHULDXQGHUQRQVWRUPÀRZ
PLQLPDOO\LQÀXHQFHGE\KXPDQDFWLYLW\
FRQGLWLRQVZKLFKLVVLJQL¿FDQWEHFDXVHDPPRQLDFDQEHWR[LF
exceeding a benchmark does not
WR ¿VK 7RWDO QLWURJHQ DQG WRWDO SKRVSKRUXV FRQFHQWUDWLRQV
necessarily indicate a violation of the
frequently exceeded established benchmarks under nonZDWHUTXDOLW\FULWHULRQ
VWRUP ÀRZ FRQGLWLRQV DV ZHOO KRZHYHU WKHVH QXWULHQWV DUH
not toxic to aquatic organisms.
8QGHUVWRUPÀRZFRQGLWLRQV638DQDO\]HGQXWULHQWV LHDPPRQLDQLWUDWHQLWULWHDQGWRWDOSKRVSKRUXV 
in approximately 13 samples collected between November 9, 1999 and July 8, 2005 at three stations
(LF-98B, LF-Graham, and LF-Yancy; Map 11). These data show that the total phosphorus benchmark
LQ/RQJIHOORZ&UHHNZDVIUHTXHQWO\H[FHHGHGXQGHUVWRUPÀRZFRQGLWLRQV1XWULHQWGDWDFROOHFWHG
IURPDQXSVWUHDPORFDWLRQDQGDGRZQVWUHDPORFDWLRQXQGHUERWKQRQVWRUPDQGVWRUPÀRZFRQGLWLRQV
are summarized in Table 21.
Table 21. Longfellow summary statistics for nutrients.
Ammonia-N
(mg/L)
NonStorm a Storm b

Nitrate+nitrite
(mg/L)
NonStorm a
Storm b

Longfellow Creek Upstream
No. of samples
83
5
Minimum
0.01
0.022
Maximum
1.8
0.1
Median
0.026
0.047
Mean
0.067
0.053
5th percentile
0.01
0.025
95th percentile
0.085
0.092
Benchmark c
0.43 – 2.1

87
0.37
2.6
1.2
1.2
0.78
1.6

Longfellow Creek Downstream
No. of samples
89
5
Minimum
0.01
0.019
Maximum
0.5
0.098
Median
0.03
0.083
Mean
0.04
0.061
5th percentile
0.011
0.019
95th percentile
0.062
0.096
Benchmark c
0.43 – 2.1

88
0.5
2.6
0.97
1.0
0.55
1.5

a
b
c

5
0.55
0.8
0.78
0.7
0.55
0.8

Total Nitrogen
(mg/L)
NonStorm a
Storm b
87
0.79
5.5
1.4
1.5
1.1
2.1

–

87
0.014
0.56
0.05
0.066
0.034
0.13

0.34
5
0.33
0.86
0.55
0.56
0.36
0.80

–

ND
ND
ND
ND
ND
ND
ND

Total Phosphorus
(mg/L)
NonStorm
b
Storm a

85
0.7
3.2
1.3
1.3
0.84
2.0

4
0.16
0.21
0.18
0.18
0.16
0.21
0.1

ND
ND
ND
ND
ND
ND
ND

86
0.017
0.97
0.066
0.083
0.043
0.15

0.34

4
0.23
0.67
0.41
0.43
0.24
0.64
0.1

Non-storm samples collected at stations J370 and C370.
Storm samples collected at stations Graham and Yancy.
Ammonia chronic toxicity criteria are pH-dependent and the given range is for a pH of 6.5–8.5. All nutrient
criteria and benchmarks are described in more detail in Part 3 of this report.
mg/L = milligrams per liter.
ND= no data collected.
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Phosphorus and nitrogen are common pollutants in urban watercourses. Sources include fertilizer
applications, increased soil erosion, nutrients from washwater (e.g., car and boat cleaning), failing
septic systems, pet wastes, and improper dumping of yard wastes. All of these sources can result in
increased nutrient concentrations in stormwater runoff. This is of particular concern for water quality
in the larger water bodies such as freshwater lakes and Puget Sound. Elevated nutrient levels can lead
WR HXWURSKLFDWLRQ D SURFHVV LQ ZKLFK UDSLG JURZWK RI DOJDH PD\ RYHUFRPH QDWXUDO VHOISXUL¿FDWLRQ
processes in the water body. The resulting algal blooms degrade water quality as the decomposing
algae reduce the dissolved oxygen concentrations in receiving waters. Ultimately, increased nutrient
concentrations can reduce the survival opportunities for salmonids, which rely on oxygen-rich waters.

Organic Compounds
Organic compounds that cause water quality problems
The rising limb of a storm refers to
in urban watercourses include pesticides, phthalates, and
the portion of the hydrograph where
petroleum-related products such as polycyclic aromatic
ÀRZEHJLQVWRULVHGXHWRDVWRUP
hydrocarbons (PAHs). The U.S. Geological Survey found
HYHQW
ORZOHYHOVRIVRPHSHVWLFLGHVLQVWRUPÀRZVDPSOHVFROOHFWHG
IURP /RQJIHOORZ &UHHN GXULQJ D 0D\   VWRUP 9RVV DQG (PEUH\   7KUHH VWRUP ÀRZ
samples collected during the rising limb of the storm contained detectable levels (0.03 to 0.35 μg/L) of
several herbicides and their metabolites (2,4-D, acetochlor, dicamba, dichlobenil, dichlorprop, MCPA,
mecoprop, pentachlorophenol, prometon, and trichlorpyr), as well as one insecticide (diazinon at
0.046 μg/L), and one insecticide metabolite (4-nitrophenol at 0.05–0.12 μg/L). With the exception of
diazinon, concentrations were below reported thresholds of toxic effects on aquatic organisms.
To support an ongoing coho prespawn mortality investigation (discussed in the next section under Fish)
conducted by the National Oceanic and Atmospheric Administration (NOAA), the U.S. Geological
Survey and SPU collected time-weighted composites (i.e., 1-hour composites composed of 15-minute
grab samples) from Longfellow Creek between SW Alaska Street and SW Genesee Street during three
storms in October–November 2003. A total of 16 stormwater samples were analyzed for semivolatile
organic compounds. In addition, one sample was analyzed for pesticides and polychlorinated biphenyls
(PCBs). Organic compounds detected during the study are summarized in Table 22.
Bis(2-ethylhexyl) phthalate was detected most frequently (in 100 percent of the samples), followed by
pentachlorophenol (88 percent of the samples), phenol (88 percent), benzyl alcohol (75 percent), benzoic
acid (62 percent), and PAHs (6 to 50 percent). With the exception of bis(2-ethylhexyl) phthalate, the
concentrations of most organic compounds detected in Longfellow Creek were well below available
toxicity criteria for aquatic life. Phthalates belong to a class of chemicals known as plasticizers that
are used in the production of many polyvinyl chloride (PVC) construction materials and consumer
products. Plasticizers have been used for a long time but have recently become an environmental
concern because they have been found at elevated concentrations in sediment in urban receiving water
ERGLHV3KWKDODWHVDUHXVHGWRPDNHDZLGHYDULHW\RISODVWLFSURGXFWVVXFKDVÀH[LEOHWXELQJYLQ\O
ÀRRULQJZLUHLQVXODWLRQZHDWKHUVWULSSLQJXSKROVWHU\FORWKLQJSODVWLFFRQWDLQHUVDQGSODVWLFZUDSV
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7DEOH/RQJIHOORZRUJDQLFFRPSRXQGVGHWHFWHGLQVWRUPZDWHUVDPSOHV2FWREHU±

1RYHPEHU

Chemical
Bis(2-ethylhexyl)phthalate c
Butylbenzyl phthalate c
Diethyl phthalate c
Di-n-butyl phthalate c
Naphthalene c
Phenanthrene f
Chrysene f,g
Fluoranthene c,g
Pyrene f,g
2-Methylphenol f,g
3-Methylphenol f,g
4-Methylphenol f,g
4-Nitrophenol f,g
Benzoic acid f,g
Benzyl alcohol f,g
Coprostanol
Pentachlorophenol c,e
Phenolc

Toxicity
Criteria a
(Pg/L)

Detection
Frequency
(percent)

Min
(Pg/L)

Max
(Pg/L)

Mean b
(Pg/L)

Median b
(Pg/L)

3
3
3
3
620
630
630
3,980
5.7
8,400
8,900
8,500
230
112,500
10,500
NA
7.5d,e
2,560

100
6
12
6
25
38
6
12
50
38
6
31
31
62
75
6
88
88

0.24U
0.063U
0.0834U
0.0592U
0.024U
0.016U
0.019U
0.018U
0.019U
0.049U
0.048U
0.049U
0.48U
0.5U
0.099U
0.88U
0.4U
0.099U

4.61
0.51
0.55
0.51
0.029
0.051
0.034
0.054
0.046
0.12
0.13
0.18
0.94
1.9
0.805
2.6
1.1
2.37

0.99
0.47
0.48
0.47
0.03
0.03
0.02
0.05
0.03
0.07
0.06
0.09
0.59
0.85
0.41
2.39
0.79
0.52

0.685
0.5B
0.5
0.5
0.025
0.02
0.02
0.05
0.0205
0.05U
0.05U
0.05U
0.5
0.77
0.39
2.5
1
0.2865

Pg/L = micrograms per liter
U = chemical not detected at listed concentration.
a
Chronic toxicity to aquatic life unless otherwise noted.
b
Analytical detection limit included in the calculations for undetected values.
c
U.S. EPA (1986).
d
Ecology (2003).
e
Standard is pH-dependent. Value shown is for pH = 7.5.
f
ECOTOX database (U.S. EPA undated).
g
Chronic toxicity criterion not available. Value is the criterion for acute toxicity.

Pesticides (which include herbicides, insecticides, and fungicides) are often detected in urban
watercourses, sometimes at levels higher than in agricultural areas. These compounds are commonly
used around residential, commercial, and industrial buildings, as well as in lawn, garden, and golf
course management. These compounds can also reach watercourses through atmospheric deposition,
as dustfall or through rainfall. Sources of PAHs include vehicle exhaust, automotive oil leaks, industrial
HIÀXHQW DQG SHWUROHXP VSLOOV WKDW ZDVK LQWR ZDWHUFRXUVHV GXULQJ VWRUPV  2UJDQLF FRPSRXQGV FDQ
ELRDFFXPXODWHLQ¿VKDQGUHDFKOHYHOVWKDWFDQFDXVHGHYHORSPHQWDODQGUHSURGXFWLYHSUREOHPVLQERWK
¿VKDQGKXPDQV
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Stream-Scale Conditions

Longfellow Creek upstream of the golf course (photo by Bennett)

Longfellow Creek is a relatively low-gradient channel within a wide glacial valley (Map 12). Upstream
RI WKH :HVW 6HDWWOH JROI FRXUVH WKH ZDWHUFRXUVH ÀRZV RYHU FRPSDFWHG JODFLDO VHGLPHQWV ZLWKLQ WKH
wider valley, while within and below the golf course the watercourse has eroded through the glacial
YDOOH\ÀRRULQWRJODFLDOODNHDQGLFHFRQWDFWGHSRVLWV7KHXSVWUHDPUHDFKHVRI/RQJIHOORZ&UHHN
DUH FKDUDFWHUL]HGE\ D ÀRRGSODLQ  WR  IHHW ZLGH LQ FRQWUDVW WR WKH GRZQVWUHDP UHDFKHV ZKHUH
historically the stream has a valley migration zone between 200 and 400 feet in width (Stoker and
Perkins 2005). The watercourse has been gradually eroding valley sediments over thousands of years,
erosion that started near the mouth and moved upstream, until the recent past when road culverts
ORFNHGWKHZDWHUFRXUVHLQWRDIDLUO\¿[HGHOHYDWLRQ 6WRNHUDQG3HUNLQV 7KHWKUHHWULEXWDULHVRI
Longfellow Creek are rather short and steep, delivering water and—historically—sediment from the
walls of Delridge Valley.
Through Delridge Valley the Longfellow Creek channel has three
reaches, described separately below (Stoker and Perkins 2005).
Stream codes, shown on the watercourse maps, consist of two
letters of the watercourse name (LF for Longfellow) and the
number of the stream segment, starting with 01 at the mouth and
increasing in the upstream direction:

Watercourses are divided into
reaches, reaches are divided
into segments, and segments
DUHGLYLGHGLQWRVHFWLRQV

 A glacial upper-valley reach surrounded by dense residential and commercial development (LF08–
LF06)

 A middle reach through a ravine eroded into the glacial-age valley bottom (LF05)
$ORZHUHVWXDU\UHDFKWKDWKDVEHHQ¿OOHGDQGSLSHG /)±/) 
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Upper Longfellow Creek and Headwaters (LF08–LF06)
The headwaters of Longfellow Creek originate from a
Watercourse codes (also shown on
series of seeps and springs located in the Roxhill bog
the watercourse maps) consist of two
wetland near SW Cambridge Street and 29th Avenue
letters of the watercourse name (LF for
SW. The Roxhill bog, covering less than one acre,
Longfellow) and the number of the stream
is a single restored, remnant wetland in a formerly
segment, starting with 01 at the mouth and
LQFUHDVLQJLQWKHXSVWUHDPGLUHFWLRQ
complex area of peat bogs and wetlands. At one time,
the headwaters contained a low-gradient channel (less
than 1 percent) that constantly changed its shape and course by shifting sediment, water, and wetland
SODQWVZLWKLQWKHFKDQQHOPLJUDWLRQ]RQH7KHZHWODQGVDVVRFLDWHGSHDWGHSRVLWVDQGZLGHÀRRGSODLQ
maintained productive conditions in the downstream reaches by facilitating storage of water, sediment
DQGZRRGFRQWUROOLQJZDWHUWHPSHUDWXUHVDQGSURYLGLQJQXWULHQWV 6HDWWOH 7RGD\ÀRZWKURXJK
the wetland and bog complex has been piped under residentially and commercially developed land.
The piped headwaters of the watercourse contain six drainage outfalls, including one of the largest
subcatchments in the watershed (160 acres).
)URPWKHKHDGZDWHUV/RQJIHOORZ&UHHN¿UVWEHFRPHVDQRSHQFKDQQHOMXVWGRZQVWUHDPRI6:7KLVWOH
6WUHHWQHDU&KLHI6HDOWK+LJK6FKRROÀRZLQJIHHWEHIRUHHQWHULQJDORQJFXOYHUWEHJLQQLQJDW
SW Webster Street (LF07–LF08; representing 12 percent of the main stem channel length). The 1,800foot culvert (LF06) runs underneath a large shopping center (comprising 9 percent of the main stem
length). This open-channel portion and the culvert downstream comprise the reach discussed below
(LF06–LF08).

Riparian Habitat
Longfellow Creek emerges into an open channel in a park dominated by a native deciduous and
coniferous forest (Map 14). The understory in this segment contains a mixture of native shrubs, invasive
Himalayan blackberry, and lawns. The riparian corridor width typically exceeds 100 feet, and coupled
with the mature trees in the overstory, the stream has over 75 percent canopy coverage. No buildings
or roads are closer to the stream than 100 feet in this segment (Map 15).
Riparian conditions change drastically downstream of SW Elmgrove Street. The riparian plant
community is dominated by nonnative species, landscaping, and lawns. Himalayan blackberry is the
dominant invasive plant throughout this segment. The riparian corridor width narrows to less than 50
feet in most locations as the stream runs through single-family and multifamily developments. The lack
of mature trees and dominance of blackberry and lawns has limited stream canopy cover and shading.
For the entire reach, riparian habitat quality is moderate. However, habitat quality is higher in the
upstream park segment of the reach and lower in the downstream segments.
The watercourse passes through a culvert in the lowest segment of this reach (LF06, 1,800 feet in length).
The culvert passes under a parking lot and through open space adjacent to a residential neighborhood.
Riparian vegetation in the open space has not been extensively surveyed, although it appears to consist
of sparse deciduous trees and nonnative plants. This segment does not contain many structures within
100 feet of the stream, except for a few houses and other buildings near SW Orchard Street and SW
Myrtle Street.
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Instream Habitat
/RQJIHOORZ &UHHN LV UHVWULFWHG WR D ZLGWK RI  IHHW ZLWKLQ WKLV UHDFK GXH WR ¿OOLQJ HQFURDFKPHQW
FXOYHUWVDQGEULGJHV,QWKHSDVWWKHVWUHDPZDVDEOHWRPLJUDWHDFURVVDÀRRGSODLQRIDERXWWR
200 feet in width for most of the reach (Stoker and Perkins 2005), where the relatively low watercourse
gradient (1 to 3 percent) in the upper portion prompted the stream to form meander bends and gravel
EDUVDQGWRFRQQHFWZLWKWKHÀRRGSODLQGXULQJKLJKHUÀRZV 0DS 
Almost all of this reach is actively eroding, and channel erosion in this area provides the largest source
RI¿QHVHGLPHQWWRWKHZDWHUFRXUVH 6WRNHUDQG3HUNLQV0DS %HGHURVLRQKDVFDXVHGWKH
VWUHDPWREHFRPHHQWUHQFKHGEHORZWKHVXUURXQGLQJÀRRGSODLQZLWKDQDYHUDJHEDQNKHLJKWRI
feet and a maximum of 9 feet. This entrenchment precludes any connection between the stream and
ÀRRGSODLQ  6XFK FRQQHFWLRQV DUH IXUWKHU SUHYHQWHG E\ WKH ORQJ H[SDQVHV RI IUR]HQ FKDQQHO ZKHUH
ERWKWKHVWUHDPEHGDQGEDQNVDUHDUPRUHGE\FRQFUHWHDQGULSUDSZKLFKIRUFHDOOÀRRGÀRZVLQWRRQH
QDUURZÀRRGZD\LQFUHDVLQJYHORFLWLHVEDQNDQGEHGHURVLRQDQGVHGLPHQWWUDQVSRUW7KHFKDQQHO
FRQWDLQVDOPRVWQRVWUXFWXUHDQGZLWKWKHODFNRIÀRRGSODLQFRQQHFWLRQVWKHVWUHDPFDQQRWUHGXFHWKH
HQHUJ\RIKLJKÀRZVE\VSLOOLQJRYHULWVEDQNRQWRDÀRRGSODLQ
Stormwater runoff is supplied from ten outfalls to the Longfellow channel along this segment (LF07–
LF08; Map 13), in addition to runoff from the upper watershed discharged through the SW Thistle
Street culvert (draining a total area of approximately 460 acres, or 27 percent of the total watershed).
The culverted portion of upper Longfellow Creek receives runoff from an additional area of 94 acres;
so cumulatively the upper watercourse receives runoff from one-third of the watershed.
The stream habitat in upper Longfellow Creek is in poor
to moderate condition (Map 16). Under more natural
FRQGLWLRQVWKLVUHDFKZRXOGEHFODVVL¿HGDVSRROULIÀH
and step-pool channel types (Seattle 2005). Although
18 percent of the open channel length is pool habitat
DQGSHUFHQWLVULIÀHKDELWDWWKLVUHDFKKDVWKHKLJKHVW
proportion of plane-bed channel in the system (44
SHUFHQW0DS &KDQQHOLQFLVLRQODFNRIÀRRGSODLQ
connections, and lack of instream structure contribute
to this simple channel form. There are areas of steppool habitat, mostly created by instream improvement
projects and a series of rock weirs constructed upstream
of the Webster detention pond (near SW Webster Street).
The dominant substrates are gravel in the higher-velocity
sections (downstream of SW Thistle Street) and sand in
the lower-velocity sections (the backwater area upstream
of the SW Webster culvert entrance).
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%HFDXVH/RQJIHOORZ&UHHNLVDUHODWLYHO\ORZJUDGLHQWV\VWHPLWFRXOGEHXVHGE\¿VKWKURXJKWKHXSSHU
reach (Washington Trout 2000). However, no trout have been found in this reach of the watercourse
:DVKLQJWRQ7URXW/DQW]HWDO )LVKDFFHVVLVUHVWULFWHGE\VHYHUDOPDQPDGH¿VKSDVVDJH
barriers located downstream within this reach. These barriers include the series of 4-foot-high rock
weirs upstream of the Webster detention pond. The gradient of the 1,800-foot culvert also may function
DVD¿VKSDVVDJHEDUULHUDOWKRXJKWKHSLSHKDVEHHQQRWEHHQH[DPLQHG 0DS 

Middle Longfellow Creek (LF05)
The middle reach of Longfellow Creek is approximately 6,750 feet in length with an average gradient
of less than 1 percent. The surrounding valley ranges from 100 to 200 feet in width, and historically
WKHFKDQQHOZDVDPHDQGHULQJEUDLGHGVWUHDPVKLIWLQJDFURVVÀRRGSODLQZHWODQGVZLWKLQWKHYDOOH\¶V
FKDQQHOPLJUDWLRQ]RQH 6HDWWOH 7KHVHFRQGLWLRQVDUHUHÀHFWHGLQKLVWRULFDODFFRXQWVRIWKHDUHD
which in the late 1800s was avoided by loggers because of the wetness of the watercourse valley and
WKHUHVXOWLQJGLI¿FXOW\LQUHPRYLQJORJV 7URWWHU 

Riparian Habitat
The riparian corridor in this reach is characterized by alternating areas of mixed deciduous and
coniferous trees, lawns, landscaping, and nonnative vegetation (primarily Himalayan blackberry and
reed canarygrass). Coniferous and deciduous forest typically dominates the riparian corridor in openspace pockets, such as those located near SW Willow Street and SW Graham Street (e.g., segment
LF05b; Map 14). These pockets of forest also contain native understory plants and tend to have a wider
riparian corridor than other parts of the reach, averaging over 100 feet without encroachment from
surrounding houses. However, the discontinuous canopy has many breaks and does not provide much
shading to the stream. Riparian quality in this middle segment of the reach (LF05b) is of moderate
quality, assisted by restoration activities in that area (Map 18).
Outside the open space and park areas (i.e., most of LF05a, LF05c, and LF05d), the riparian vegetation
has been converted to lawns and landscaping or has been overtaken by invasive species (e.g., Himalayan
blackberry, reed canarygrass, and English ivy). The watercourse tends to run through residential yards,
ÀRZLQJ OHVV WKDQ  IHHW IURP EXLOGLQJV DQG URDGV  7KH VWUHDP UHFHLYHV QR VKDGLQJ IURP ULSDULDQ
vegetation in such locations, and the overall riparian quality is poor.

Instream Habitat
8QGHUPRUHQDWXUDOFRQGLWLRQVDEUDLGHGSRROULIÀHFKDQQHOFODVVL¿FDWLRQZRXOGEHH[SHFWHGLQWKLV
reach (Seattle 2005). However, today the watercourse is contained within a single channel averaging
DSSUR[LPDWHO\IHHWLQZLGWK7KHORZHUJUDGLHQWLQFUHDVHGÀRRGÀRZVDQGHQFURDFKLQJSURSHUWLHV
LQWKHXSSHUKDOIRIWKLVUHDFKSURPSWHGFRQVWUXFWLRQRIDÀRRGRYHUÀRZE\SDVVEHWZHHQ6:-XQHDX
6WUHHWDQG)LQGOD\6WUHHWLQ7KHIUHTXHQF\DQGH[WHQWRIÀRRGLQJLQWKLVDUHDKDYHGHFUHDVHG
VXEVWDQWLDOO\IROORZLQJFRQVWUXFWLRQRIWKHRYHUÀRZE\SDVV +DXVPDQ 
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(URVLRQ RI WKH VWUHDPEHG DQG EDQNV LV WKH SULPDU\ VRXUFH RI VDQG DQG ¿QH VHGLPHQWV LQ WKLV UHDFK
of the watercourse (Stoker and Perkins 2005). Historically the stream retrieved sediment from the
ÀRRGSODLQDVLWPLJUDWHGDFURVVWKHYDOOH\VWRULQJDQGSLFNLQJXSVHGLPHQW HJJUDYHODQGVDQG IURP
SDVWVWRUDJHDQGIURPVOLGHVRQWKHYDOOH\ZDOOV7KHFRPELQDWLRQRILQFUHDVHGKLJKÀRZVFKDQQHO
FRQ¿QHPHQWODFNRIÀRRGSODLQVWRUDJHDQGOLPLWHGVWUHDPEDQNIRUHVWVPLQLPL]HWKHZDWHUFRXUVH¶V
ability to withstand erosive forces. Sediment and wood from the valley walls and stream banks are
rarely recruited to the channel except as highly infrequent deliveries from the young and sparse riparian
forest areas. As a result, much of the stream is incising and widening through erosion of the streambed
and banks (Map 13).
Many portions of middle Longfellow Creek are becoming increasingly entrenched and separated from
WKHÀRRGSODLQSDUWLFXODUO\ZKHUHWKHFKDQQHOLVKHDYLO\FRQ¿QHGE\HQFURDFKPHQWIURPKRXVHV\DUGV
URDGVDQGFXOYHUWV7KHODFNRIODUJHZRRGWKHLQFUHDVHGÀRRGÀRZVDQGWKHFRQ¿QHGHQWUHQFKHG
channel leave many segments with thin streambed sediment or none at all, exposing the dense underlying
JODFLDOGHSRVLWV,QPDQ\SODFHVWKHVWUHDPLVKHOGLQSODFHE\EDQNDUPRULQJ 0DS +LJKÀRZV
are removing gravel from the streambed, except where there are instream structures to capture and store
gravel.
However, wider stream segments with meander bends form channel bars that store sediment. In addition,
rehabilitation projects constructed within this area, such as those between SW Juneau Street and SW
Willow Street, are providing additional sediment storage and creating more diversity in the channel.
Habitat quality varies within this reach. In general, high-quality areas exist where rehabilitation
measures were implemented in 2002 through 2004, while low-quality habitat is found in areas where
little or no improvement has been made to the channel (Maps 16 and 18). Note that the Longfellow
habitat data presented in the maps were collected prior to the Delridge restoration work. Current
FRQGLWLRQV DUH TXLWH GLIIHUHQW WKDQ WKH PDSV LQGLFDWH ZLWK LPSURYHG K\GUDXOLF GLYHUVLW\ ÀRRGSODLQ
connection, and riparian conditions.
7KH RSHQFKDQQHO DUHDV RI PLGGOH /RQJIHOORZ &UHHN KDYH D SRROWRULIÀH UDWLR DSSURDFKLQJ WR 
3RROVPDNHXSSHUFHQWRIWKHFKDQQHODQGULIÀHVFRYHUSHUFHQW 0DS 7KHPDMRULW\RIWKH
pools within the middle portion of the stream were formed by boulders, constructed weirs, and large
woody debris structures placed in the stream during restoration efforts. The structures have increased
hydraulic diversity by forming pools one to two feet deep, potentially providing good rearing and
holding habitat.
Almost one-third of the middle reach is glide habitat (36 percent), mostly found in the unimproved
segments. These unimproved segments lack structure and habitat diversity where the channel is
encroached, channelized, and entrenched (Map 14; Stoker and Perkins 2005). Eight percent of the
reach length is located within culverts, with limited habitat value.
0LJUDWRU\ ¿VK DFFHVV WR WKLV UHDFK LV UHVWULFWHG E\ GRZQVWUHDP ¿VK SDVVDJH EDUULHUV 0DS   
Resident rainbow trout were found within middle Longfellow Creek in 1999 (Washington Trout 2000).
$QDGURPRXV¿VKKDYHQRWEHHQGRFXPHQWHGDERYHWKHEDUULHUORFDWHGXQGHUWKHWKIDLUZD\RIWKH
golf course. Once the barriers are removed, this segment potentially offers rearing and refuge habitat,
SDUWLFXODUO\LQVHFWLRQVWKDWKDYHSRROVUHHVWDEOLVKHGULSDULDQZHWODQGVDQGÀRRGSODLQFRQQHFWLRQV
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Lower Longfellow Creek (LF04–LF02)
8SRQHQWHULQJWKH:HVW6HDWWOHJROIFRXUVH/RQJIHOORZ&UHHNÀRZVQRUWKDOPRVWIHHW SHUFHQW
of the main stem channel length) to the inlet of the culvert just south of SW Andover Street. About 80
percent of this reach is located within the golf course. In the downstream segments (LF03–LF02), the
channel has eroded an inner valley into the larger glacial-age Delridge Valley. The inner valley bottom
ranges between 75 and 150 feet in width in the upstream portions of the golf course, before widening to
between 200 and 400 feet in the middle area of the golf course (Stoker and Perkins 2005). The lowest
SRUWLRQVRIWKLVUHDFK GRZQVWUHDPRI6:<DQF\6WUHHW DUHWLGDOO\LQÀXHQFHG

Riparian Habitat
Riparian habitat varies dramatically in quality between the golf course segment (LF04) and those
downstream (LF03–LF02). The golf course contains an intact and extensive riparian corridor, averaging
over 100 feet in width. The riparian vegetation in the upper portion of the golf course is dominated
by native forest conditions (Map 14). Roughly a mile in length, the riparian corridor is disconnected
only twice where fairways cross the stream channel. Although invasive species (primarily Himalayan
blackberry) dominate the understory in limited sections, the majority of this riparian stretch consists
of a native understory with a mixture of mature deciduous and coniferous canopy. The tree canopy
is relatively dense and provides 25 to 75 percent stream cover. Within the golf course there is a highquality riparian corridor for an urban stream (Map 16).
The lowest segments of the watercourse have poor riparian quality (Map 16). Within the golf course,
downstream of the 12th fairway, invasive species (primarily Himalayan blackberry and reed canarygrass)
dominate the understory in the inner valley bottom. Downstream of SW Genesee Street the stream
corridor has better riparian quality, largely as a result of stream rehabilitation projects. However, much
of the area surrounding the riparian corridor is dominated by invasive species, and within the riparian
corridor there is only an intermittent canopy, partly because the planted trees are still maturing. Riparian
conditions in the lower segments are expected to improve as riparian plantings mature. The corridor
width in this reach typically exceeds 50 feet.

Instream Habitat
6WUHDP JUDGLHQWV LQ WKLV UHDFK UDQJH EHWZHHQ  DQG  SHUFHQW SURPSWLQJ D SRROULIÀH PHDQGHULQJ
channel type (Seattle 2005; Map 12). Today, there are abrupt changes in stream elevation at the Works
Progress Administration (WPA) dam within the golf course and at the mouth of the golf course tributary.
7KHFKDQQHOLVDOVRFRQ¿QHGLQWKLVDUHDWRZLGWKVEHWZHHQDQGIHHWZLWKOLWWOHDELOLW\WRPHDQGHU
DQGLQWHUDFWZLWKLWVÀRRGSODLQ 6WRNHUDQG3HUNLQV 
Erosion activity is moderate to extensive in this reach (Map 13). Stream banks are generally unstable
in segments with ongoing incision, and most of the channel is incised and widening from increased
ÀRRGÀRZV 6WRNHUDQG3HUNLQV 7KHPDMRULW\RIWKHVHGLPHQWLVVXSSOLHGWRWKHZDWHUFRXUVH
E\HURVLRQRIWKHEHGDQGEDQNVDQGE\¿QHVHGLPHQWVZDVKHGIURPURDGVDQG\DUGVLQWRVWRUPGUDLQV
,QFLVLRQKDVGLVFRQQHFWHGWKHVWUHDPIURPLWVÀRRGSODLQVLPLODUWRXSVWUHDPDUHDV%DQNKHLJKWVUDQJH
from 5 to 8 feet above the present channel bed (Stoker and Perkins 2005).
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8QGHUPRUHQDWXUDOFRQGLWLRQVORZHU/RQJIHOORZ&UHHNZRXOGEHH[SHFWHGWRFRQWDLQSRROVDQGULIÀHV
but today much of this reach is a simple plane-bed channel. Within the upper golf course (upstream of
WKHWKIDLUZD\FXOYHUW WKHVWUHDPFRQWDLQVSULPDULO\ULIÀHKDELWDW SHUFHQW 3RROVDUHVFDWWHUHG
throughout the golf course segment; most pools are associated with wood debris and with backwater
areas behind the culverts and the WPA dam. There is a large, deep pool downstream of the 12th fairway
culvert, and beaver activity often causes a backwater area to form upstream of SW Genesee Street.
The average active channel width in the golf course is wider than most of the rest of the watercourse,
averaging over 18 feet and expanding to over 20 feet in certain locations. Within this area, channel
EDUVDQGPHDQGHUEHQGVIRUPSURPRWLQJEHWWHUÀRRGSODLQFRQQHFWLRQORZHUYHORFLWLHVPRUHVWDEOH
substrate, and better aquatic habitat conditions. The stream within the upper area of the golf course
contains mostly gravel substrate recruited from the more narrow valley walls in this area and from the
Longfellow Creek tributary within the golf course (Stoker and Perkins 2005; Seattle 2005).
Longfellow Creek’s highest-quality habitat is found within the
West Seattle golf course (Map 16), particularly upstream of the
WPA dam located just upstream of the 12th fairway. This inchannel wetland is unique among Seattle watercourses. Over
12 percent of the channel length in this segment is wetland
habitat, which was created by the WPA dam placed within the
watercourse in the 1930s (Map 14). This backwater wetland
ranges from 50 to 150 feet in width and offers some of the highestquality aquatic and terrestrial habitat within the Longfellow
V\VWHP  ,URQLFDOO\ WKH GDP LV D IXOO ¿VK SDVVDJH EDUULHU
the second-farthest downstream barrier on the watercourse
(Map 17). The pools through this wetland segment average
between 1 and 2 feet in depth, similar to upstream, although the
area contains one pool 8 feet deep.

Yancy Street restoration project on
Longfellow Creek (photo courtesy Seattle
Municipal Archives; photo by Toczek)
98

Instream wetland along Longfellow
Creek (photo by Bennett)

Downstream of SW Genesee Street (LF02), placement of
LQVWUHDP VWUXFWXUHV VXFK DV ORJ ZHLUV GHÀHFWRU ORJV DQG
URRWZDGV KDV FUHDWHG VWHSSRRO DQG SRROULIÀH FKDQQHO
W\SHV3RROKDELWDWH[FHHGVWKHOHQJWKRIULIÀHDQGJOLGH
habitat, largely because of long pools that have formed in
backwater areas behind log weirs (Map 14). The channel
incision is most severe in the lowest portions of the stream,
ZLWKEDQNKHLJKWVDYHUDJLQJIHHW7KHUHLVQRÀRRGSODLQ
connection along the entrenched portions of the channel,
downstream of the WPA dam in the golf course. However,
the wood placed in the stream as part of rehabilitation efforts
in 1999–2001 provides grade controls that are increasing
the elevation of the streambed by preventing additional
downcutting and by recruiting sediment (Map 18). The
sediment in the lowest portions of this reach is primarily
gravel and cobble placed in the stream by restoration
projects; the golf course wetland captures much of the
gravel and reduces the amount moving downstream.
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Longfellow Creek discharges to the Duwamish River through a long culvert. Historically, the stream
discharged into the larger Duwamish–Elliott Bay estuary system, which was composed of saltwater
VORXJKVPDUVKHVDQGPXGÀDWV7KHÀRZRI/RQJIHOORZ&UHHNZDVGLYHUWHGLQWRDFXOYHUWSULRUWRWKH
VZKHQWKHPXGÀDWVRI<RXQJ¶V&RYHDWWKHPRXWKRIWKHVWUHDPZHUH¿OOHGWRSURYLGHDGGLWLRQDO
land for the steel mill (Longfellow Creek Watershed Management Committee 1992). Although
adjustments were made to the culvert in both 1967 and 1974, this segment of Longfellow Creek
UHPDLQVFRYHUHG$VDUHVXOW/RQJIHOORZ&UHHNÀRZVIHHWWKURXJKDFXOYHUWXQGHUQHDWKURDGV
bridges, and buildings before discharging into the West Waterway of the Duwamish River. Instream and
riparian habitat is nonexistent throughout this long piped segment of the watercourse, which provides
QREHQH¿FLDOKDELWDWDGYDQWDJHVDQGVHUYHVRQO\DVDFRQGXLWWRGLVFKDUJHÀRZ,WLVQRWDEDUULHUWR¿VK
passage, however, and provides migratory access for salmon entering and leaving the watercourse.
$QDGURPRXV¿VKXVHWKHORZHUVHJPHQWVRIWKLVORZHU/RQJIHOORZ&UHHNUHDFK 0DS DQGLWLV
also used by prickly and staghorn sculpin and three-spine stickleback within the tidal zone of the
watercourse (Lantz et al. 2006). No anadromous species have been documented above the barrier
located at the culvert outlet under the 12th fairway in the golf course.

Use by Fish and Benthic Invertebrates

Fish Access
3ULRU WR XUEDQ GHYHORSPHQW /RQJIHOORZ &UHHN ÀRZHG WKURXJK WKH ZLGH 'HOULGJH9DOOH\ ÀRRGSODLQ
WRWKHLQWHUWLGDOPXGÀDWVRIWKH'XZDPLVKHVWXDU\7KLVKDELWDWFRPSOH[LW\PDGH/RQJIHOORZ&UHHN
highly productive for salmon and trout species. Historically, Longfellow Creek contained coho salmon,
sea-run cutthroat trout, and steelhead, although steelhead use of the stream probably was low because
of the small size of the stream (historical records do not mention chum salmon using the stream; Trotter
2002). Both cutthroat trout and steelhead are now absent from the watercourse.
Today, Longfellow Creek receives the highest numbers of returning coho salmon in Seattle watercourses,
with more than 270 spawning adults in some years, indicated by daily or weekly carcass counts
(Table 23). By applying a corrective factor for loss of carcasses through decay, predation, or stream
ÀRZLWLVHVWLPDWHGWKDWDFWXDODGXOWFRKRXVHRI/RQJIHOORZ&UHHNPD\VXUSDVV¿VK7KHVHFRKR
DUHDPL[WXUHRIZLOGDQGKDWFKHU\¿VKUDQJLQJIURPSHUFHQWKDWFKHU\¿VKLQWRSHUFHQWLQ
DQG 0F0LOODQ 7KHVRXUFHRIKDWFKHU\¿VKLQWKHZDWHUFRXUVHFRXOGEHHLWKHU¿VK
released as fry (fry were released into the watercourse between 1986 and 1995, and most releases have
VWRSSHGWRGD\ RU¿VKWKDWKDYHVWUD\HGHQURXWHWRWKHLUQDWDOKDWFKHU\
Chum salmon also return consistently, and one live adult Chinook salmon was sighted in 2003
7DEOH /RQJIHOORZ&UHHNDOVRFRQWDLQVUHVLGHQWUDLQERZWURXWSULFNO\VFXOSLQ3DFL¿FVWDJKRUQ
sculpin, and three-spine stickleback (Lantz et al. 2006). The latter two species appear to be restricted
WRWKHORZHUSRUWLRQRIWKHZDWHUFRXUVHZKLFKLVWLGDOO\LQÀXHQFHG
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Table 23. Longfellow salmon spawning survey results based on carcass and redd counts.
Chinook

Sockeye a

Coho

Chum

Year

Carcasses

Redds

Carcasses

Redds

Carcasses

Redds

Carcasses

Redds

1999
2000
2001
2002
2003
2004
2005

0
0
0
0
1b
0
0

0
0
1
0
0
0
0

93
277
274
148
32
40
125

16
55
66
27
21
43
51

–
–
–
–
–
–
–

–
–
–
–
–
–
–

0
0
67
21
25
5
0

0
0
36
16
18
5
0

Data sources: McMillan (2005); SPU unpublished data. Values are averaged between the two data sources.
Survey conducted in the lower reach of Longfellow Creek up to WPA dam within West Seattle golf course.
a
Sockeye salmon do not use the Longfellow Creek system, because the stream does not fulfill their spawning and rearing
habitat requirements.
b
This was a live sighting. There was no carcass for verification, although the surveyors gave 90% confidence level for their
identification.

Currently, only 15 percent of the open-channel length of Longfellow Creek is available to anadromous
salmon. Manmade barriers are the primary limitation to salmon use of the remaining open-channel
length. Salmon appear able to migrate through the 3,258-foot culvert at the mouth of Longfellow Creek
but are blocked by a dam and culvert on the 12th fairway of the West Seattle golf course. Between these
two culverts, approximately 1,900 feet of open stream channel is available for spawning and rearing.
Fish passage barriers may also limit resident trout distribution; the farthest upstream point at which
rainbow trout have been recorded is just downstream of the culvert at 25th Avenue SW (Washington
Trout 2000).
Coho and chum spawning is clustered in
two areas: between SW Yancy Street and
SW Adams Street, and just downstream of
the 12th fairway culvert. The stream area
near the salmon bone pedestrian bridge
(parallel with SW Adams Street) offers
the highest-quality accessible spawning
habitat, with patches of gravel and adjacent
holding pools.
The concentration of
spawning activity downstream of the 12th
fairway culvert does not correspond with
high-quality spawning habitat and appears
to be associated with the barrier, which
SURPSWV¿VKWRVSDZQLQWKLVORZHUTXDOLW\
area. Redd concentrations indicate that
redd superimposition may be occurring,
where digging for new redds dislodges
eggs deposited during previous spawning,
resulting in mortality.
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Smolt trapping is performed annually on Longfellow Creek to record the quantities of juvenile
salmon produced in the watercourse. Trapping conducted over a few days has captured from two to
62 juvenile coho, with wide variability each year (Table 24). These low catches indicate rather low
production compared with Thornton Creek and Bear Creek (a suburban tributary of the Sammamish
River). The low smolt numbers in Longfellow Creek (averaging less than one coho smolt per day)
PD\UHÀHFWSRRUUHDULQJKDELWDWDQGODFNRISRROVLQWKHVWUHDPRUORZVSDZQLQJVXFFHVVDVDUHVXOWRI
redd superimposition or coho prespawn mortality. These low catches indicate a rather low production
compared with Thornton (averaging eight coho smolts per day), and a much lower production compared
to Bear Creek (averaging more than 400 coho smolts per day; Dave Seiler, personal communication
2000). Between 1999 and 2005, the Longfellow Creek coho prespawn mortality rate averaged 71
percent and ranged between 54 and 82 percent (comparable to Thornton Creek and among the highest
within Seattle; Table 25). The causes of coho prespawn mortality are still under investigation.
7DEOH/RQJIHOORZFRKRVPROWWUDSSLQJUHVXOWV±

Year

Total Coho
Smolts

Number of Sample Days

Coho per
Day

2001
2002
2003
2004
2005
2006

7
2
12
52
62
6

14
7
12
24
14
14

0.5
0.3
1.0
2.2
4.4
0.4

Data source: SPU smolt trapping data.

7DEOH/RQJIHOORZFRKRIHPDOHSUHVSDZQPRUWDOLW\±

Year
1999
2000
2001
2002
2003
2004
2005
Totals

Number of
Spawned
Females

Number of
Unspawned
Females

Number of
Unknown
Spawning
Condition

Total
Number of
Female
Carcasses

Total Number of
Females in
Known Spawning
Condition

Prespawn
Mortality
Percentage

6
35
42
14
5
2
11
115

7
100
69
62
7
3
34
282

14
26
26
7
4
6
9
92

27
161
137
83
16
11
34
469

13
135
111
76
12
5
45
397

54
74
62
82
58
60
76
71

Data sources: McMillan (2005); SPU unpublished data. Values are averaged between the two data sources.
1999–2002 data source is McMillan (2005). Data for 2003–2005 are from daily surveys conducted by NOAA Fisheries for
prespawn mortality studies.
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Benthic Invertebrates
Longfellow Creek contains four benthic monitoring
The number of individuals collected in an
stations: one in the lower watercourse, two in the
LQYHUWHEUDWHVDPSOHLQÀXHQFHVWKHQXPEHURI
middle portion of the watercourse, and one in the
taxa counted because the more individuals
upper watercourse. Abundance of invertebrates
collected, the higher probability of detecting a
was adequate to accurately represent the benthic
QHZWD[RQ /DUVHQDQG+HUOLK\ )RUDQ
accurate measure of taxa richness, a 400-count
community at all sites in nearly all years monitored
VDPSOHLVSUHIHUUHG
(i.e., greater than 400 individuals). The benthic
index (B-IBI) scores for Longfellow Creek range
between 12 and 18, and the average score for all sites across all years
Benthic index scores:
is 15, indicative of very poor habitat and/or water quality conditions
10–16
very poor
7DEOH 7KHVHYHU\ORZEHQWKLFLQGH[VFRUHVUHÀHFWSRRUVSHFLHV
18–26
poor
diversity, high proportions of pollution-tolerant taxa (i.e., midges, small
28–36
fair
PLQQRZ PD\ÀLHV IUHVKZDWHU DPSKLSRGV OHHFKHV DQG QHPDWRGHV 
38–44
good
46–50
excellent
DQDEVHQFHRILQWROHUDQWVSHFLHVDSUHVHQFHRIIHZPD\À\VWRQHÀ\
FDGGLVÀ\WD[DIHZFOLQJHUVRUSUHGDWRUVDQGYHU\IHZORQJOLYHGWD[D
(see Appendix C).
Table 26. Longfellow average benthic index scores.

Reach
LF02
LF04/LF05 a
LF05d
LF08a

Site
Identification

Collection Sites

LF04
LF01
LF03
LF02

Lower Longfellow U/S SW Adams
U/S of golf course U/S SW Brandon
U/S Restoration-D/S SW Willow
Upper Longfellow-DS/SW Thistle

Years Sampled

Average
B-IBI
Score

Range

1999–2002, 2004
1996, 1999–2004
1999–2000, 2002, 2004
1999–2001
Average for System

16
14.9
14
13
14.7

14–18
14–18
12–16
12–14
12–18

Data source: SPU B-IBI data 1994–2004.
U/S = upstream; D/S = downstream.
a
Discontinued sample site.

Furthermore, there are indications that the watercourse has become even more degraded over time;
benthic samples collected for 7 years at SW Brandon Street have shown a decline in the number of
aquatic worms and an increase in midges. These results and the low benthic index scores indicate that
Longfellow Creek’s ability to support aquatic life is severely compromised.
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Piper’s Creek Key Findings
Piper’s Creek, shown in Figure 21, originates on a residentially dominated upland plateau with
relatively poor conditions before entering Carkeek Park, where conditions improve through the park
and downstream to Puget Sound. Factors that promote functioning stream habitat in the Piper’s Creek
watercourse include the following:

 Dissolved oxygen and temperature conditions are good.

More than 98 percent of samples collected
from the watercourse over the past 18 years met state water quality criteria.

 The forested riparian corridor in Carkeek Park, free from encroachment, maintains low water
temperatures and provides nutrients and woody debris to the stream.
The following factors tend to degrade water quality and functioning stream habitat in Piper’s Creek:

 Altered hydrology produced by the heavily developed upland plateau has increased the 2-year
VWRUPHYHQWUXQRIIE\¿YHIROGRYHUIRUHVWHGFRQGLWLRQV7KHVHKLJKÀRZVGDPDJHVWUHDPEDQNV
promote erosion, and degrade instream conditions.

 Fecal coliform bacteria levels frequently exceed the state water quality criterion. Annual geometric
mean levels exceeded the criterion for extraordinary primary contact recreation (50 colony-forming
units per 100 milliliters) in all of the past ten years (480 to 1,200 cfu/100 mL).

 Concentrations of toxic materials (metals and ammonia) are moderate. Dissolved lead concentrations
H[FHHGHGWKHFKURQLFWR[LFLW\FULWHULRQRQFHXQGHUVWRUPFRQGLWLRQVDQGRQFHXQGHUQRQVWRUPÀRZ
conditions. Seven of 27 stormwater samples (26 percent) exceeded the chronic toxicity criterion
IRUGLVVROYHGFRSSHUXQGHUVWRUPÀRZFRQGLWLRQVDQGWZRVDPSOHV SHUFHQW H[FHHGHGWKHDFXWH
toxicity criterion. Fourteen of 14 total arsenic results (100 percent) exceeded the human health
FULWHULRQXQGHUQRQVWRUPÀRZFRQGLWLRQVDQGWKUHHRIWKUHHUHVXOWV SHUFHQW H[FHHGHGWKH
KXPDQKHDOWKFULWHULRQXQGHUVWRUPÀRZFRQGLWLRQV

 Concentrations of nutrients (total nitrogen and total phosphorus) frequently exceed established
benchmarks (100 and 14 percent exceedances, respectively, for total nitrogen and total phosphorus
XQGHUQRQVWRUPÀRZFRQGLWLRQVDQGSHUFHQWH[FHHGDQFHRIWKHWRWDOSKRVSKRUXVEHQFKPDUN
XQGHUVWRUPÀRZFRQGLWLRQV 

 )HZLQVWUHDPVWUXFWXUHVODFNRIÀRRGSODLQFRQQHFWLRQVDQGKLJKDPRXQWVRIVDQG promote poor
LQVWUHDPFRQGLWLRQVZLWKOLWWOHZRRGRUÀRRGSODLQDUHDWRVWRUHVHGLPHQWRUKHOSFRQWUROÀRZV
Sand covers the streambed in low-velocity sections, reducing biological productivity.

 Fish passage barriers at the King County pumping station, and just upstream, restrict anadromous
¿VKWRSHUFHQWRIWKHSRWHQWLDO¿VKEHDULQJZDWHUFRXUVH

 Benthic index of biotic integrity (B-IBI) scores indicate very poor to fair conditions, with scores
ranging from 10 to 30. (Higher scores are reported for Venema Creek and upper Piper’s Creek.)

 Coho prespawn mortality rates are highly variable, ranging from 18 to 100 percent and averaging
56 percent.
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The Piper’s Creek Watershed
The Piper’s Creek watershed covers 1,604 acres, or 2.5 square miles, in northwest Seattle. It is the third
largest watershed in the city, and is just under one-quarter the size of the largest watershed, Thornton
Creek. The main stem channel is roughly 2 miles in length, with an additional 3 miles in tributaries,
including one major tributary (Venema/Mohlendorph) and 13 minor tributaries.
The watershed has three distinct zones: a gently rolling upland plateau, an area of steep-walled ravines,
and a low-gradient valley. The headwaters of Piper’s Creek originate on the upland plateau, and the
watercourse enters Carkeek Park as it drops down from the plateau through a steep ravine. Once on the
low-gradient valley, the watercourse discharges to Puget Sound. The lower portion of the watercourse
LVWLGDOO\LQÀXHQFHGZLWKDGHOWDGHSRVLWLRQDUHD7KHWULEXWDULHVRI3LSHU¶V&UHHNÀRZWKURXJKVWHHS
ravines, with gradients exceeding 20 percent.
The underlying geology of the watershed includes upland plateau glacial till that is dense, erosionresistant, and nearly impermeable to water, as well as advance outwash deposits that are easily eroded
by moving water in the ravines of Piper’s Creek and its tributaries (Troost et al. 2003, 2005; Stoker and
Perkins 2005). These easily eroded sediments, particularly in the steep tributaries, contribute over 50
percent of the sediment in the watercourse (Stoker and Perkins 2005; Barton 2002).
The Piper’s Creek watercourse has experienced many erosion problems stemming from watershed
development. Erosion control efforts, including bank armoring, grade controls, and tight-lining (i.e.,
piping) of outfalls, have reduced erosion of the stream banks and valley walls. However, sediment
production in the watershed today is about six times greater than predevelopment levels. Venema
Creek and other steep tributaries entering Piper’s Creek upstream are the largest areas of sediment
introduction to the watercourse (Stoker and Perkins 2005).
*UDYHOLVWKHSUHGRPLQDQWVXEVWUDWHLQWKHVWUHDPDQGVDQGFRYHUVWKHVWUHDPEHGORFDOO\LQVORZÀRZ
areas, particularly within lower and middle Piper’s Creek and Venema Creek. Sand dominates the
streambed in the upper portions of Piper’s Creek, upstream of the twin pipes stormwater outfall. The
sand and gravel in the watercourse come from sources in different watershed locations. Gravel is
introduced from the gravel-bearing outwash deposits located near the tops of the ravines, while sand
is recruited to the stream from outwash deposits in the steep valley walls. In addition, the stream has
EHHQ¿OOHG ZLWKDPL[WXUHRIVLOWVDQGJUDYHODQGFRQFUHWH LQVRPHSODFHVERWKLQWKHORZHUYDOOH\
and in local areas in the headwaters.
Historically the Piper’s Creek watershed was a heavily forested drainage (Stoker and Perkins 2005).
Today, however, nearly 90 percent of the watershed has been developed into residential and commercial
areas and street rights-of-way (Map 19 in the map folio accompanying this report). The watershed is
dominated by residential land uses (59 percent; Figure 22). Transportation rights-of-way, commercial
uses, and industrial development cover a large portion of the watershed as well (31 percent). Most of
this development occurred in pulses, one in the 1920s, followed by a larger surge in the 1950s (King
County 2005b). Ten percent of the watershed is in parks and open space, including Carkeek Park.
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These land uses result in approximately 57 percent
coverage of the Piper’s Creek watershed with
impervious surfaces (e.g., roads, buildings, and
SDUNLQJ ORWV  WKDW OLPLW VWRUPZDWHU LQ¿OWUDWLRQ
(Alberti et al. 2004). Excluding parks and accounting
only for areas served by the formal drainage system,
impervious coverage in the watershed totals 66
percent. Most of the impervious coverage is
concentrated along Greenwood Avenue North, a
major transportation corridor and commercial area.

)LJXUH/DQGXVHVLQWKH3LSHU¶V
Creek watershed.

In areas with formal drainage systems, stormwater
runoff enters a pipe or ditch and is quickly carried
to a watercourse, causing large amounts of water
to be discharged to the watercourse over a short
WLPHSHULRG

Watershed-Scale Conditions

Piper’s Creek Hydrology
3LSHU¶V&UHHNDQG9HQHPD&UHHNKDYH\HDUURXQGÀRZZKLOH0RKOHQGRUSK&UHHN DWULEXWDU\RI9HQHPD
&UHHN DQGVRPHVPDOOHUWULEXWDULHVFDQJRGU\LQVRPH\HDUV$YHUDJHÀRZVDUHWRFXELFIHHWSHU
second (cfs) in the main stem of Piper’s Creek (4.7 cfs in water year 2004; Figure 23); 0.1 to 1.3 cfs in
Mohlendorph Creek; and 0.5 to 3 cfs in Venema Creek (based on SPU data for water year 2004).
7KH ÀRZ SDWWHUQV VHHQ WRGD\ LQ WKH ZDWHUFRXUVH DUH D UHVXOW RI
A 2-year storm event
XUEDQL]DWLRQLQWKHZDWHUVKHGZKLFKKDVLQFUHDVHGKLJKÀRZVLQWKH
occurs every 2 years on
ZDWHUFRXUVHDQGWKHÀDVKLQHVVRIWKRVHÀRZV +\GURORJLFPRGHOLQJ
average, or has a 50%
indicates that the magnitude of 2-year storm event runoff for both
chance of occurring any
JLYHQ\HDU
3LSHU¶V &UHHN DQG 9HQHPD &UHHN KDV LQFUHDVHG URXJKO\ ¿YHIROG
compared to predevelopment conditions (Hartley and Greve 2005).
0RGHOHVWLPDWHVRIVWRUPÀRZVDWWKHPRXWKRI3LSHU¶V&UHHNDUHFIVIRUWKH\HDUHYHQWDQG
cfs for the 100-year event.
Twenty-nine storm drains discharge stormwater to Piper’s Creek and its tributaries (5.8 outfalls per
ZDWHUFRXUVHPLOH KRZHYHUQRQHDUHFRPELQHGVHZHURYHUÀRZRXWIDOOV 0DS 6L[WHHQVWRUPGUDLQV
discharge stormwater from the upper plateau to upper Piper’s Creek, upstream of the wastewater pumping
station culvert (discharging to both main stem Piper’s Creek and its tributaries). There are eight outfalls
on Venema Creek and Mohlendorph Creek. Two outfalls drain relatively large areas in the watershed: one
in the upper reach of Mohlendorph Creek drains an area of 290 acres (18 percent of watershed), and the
twin pipes area of upper Piper’s Creek drains nearly 575 acres (35 percent of watershed). The areas of the
basin that are predicted to contribute the greatest rate and volume of stormwater runoff are located in the
upper portions of Piper’s Creek and Venema Creek, which drain the upland plateau (Appendix E).
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)LJXUH3LSHU¶V&UHHNPHDQGDLO\VWUHDPÀRZVUHFRUGHGQHDUWKHPRXWK±
7KH RYHUDOO SRWHQWLDO IRU WKH ZDWHUVKHG WR SURGXFH ODUJH ÀRZV
quickly is a result of various factors. The twin pipes basin
has a higher potential due to the extremely large area it drains
(575 acres), although its highly permeable soils help to retain
runoff from this area. Other Piper’s Creek drainage basins and
outfalls have high runoff potential due to low-permeability soils
and extensive impervious surface areas. In the central Piper’s
Creek watershed, Seattle Public Utilities has completed several
natural drainage system projects that have decreased runoff and
increased onsite retention of stormwater. Similar work is planned
in the next few years for an area draining to the headwaters of
Venema Creek.

Natural drainage system (NDS)
projects replace traditional
piped street drainage systems,
instead using bioretention
swales; stormwater cascades;
and wetland ponds to
manage stormwater runoff,
HPSKDVL]LQJLQ¿OWUDWLRQDQG
decentralized treatment to
more closely resemble natural
hydrologic functions lost due to
XUEDQL]DWLRQ

Piper’s Creek Water Quality
Urban development has affected water quality in the Piper’s Creek watershed. Sediment quality data
DUH QRW FXUUHQWO\ DYDLODEOH $OWKRXJK FOHDU FRQQHFWLRQV DQG WKUHVKROGV DUH GLI¿FXOW WR GHPRQVWUDWH
degraded water quality conditions may affect aquatic organisms in Piper’s Creek. Water quality is
being investigated as a potential contributor to coho salmon prespawn mortalities reported in urban
watercourses in the Puget Sound region since 1999 (discussed later in this chapter). The following
discussions summarize existing information on water quality in the Piper’s Creek watershed. More
detailed tables and summary statistics for all water quality data are presented in Appendix B.
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Piper’s Creek water quality is generally good with the exception of fecal coliform bacteria levels,
which frequently exceed the state water quality criteria. The watercourse also experiences occasional
SUREOHPVZLWKWRWDOVXVSHQGHGVROLGV 766 DQGWXUELGLW\SDUWLFXODUO\GXULQJVWRUPÀRZFRQGLWLRQV
DQGRFFDVLRQDOO\H[FHHGVWKHDTXDWLFOLIHFULWHULDIRUGLVVROYHGFRSSHUDQGPHUFXU\GXULQJVWRUPÀRZ
conditions. In 1992, the U.S. EPA issued a programmatic total maximum daily load (TMDL) limit
for fecal coliform bacteria in Piper’s Creek based on the 1990watershed action plan (Piper’s Creek
Watershed Management Committee 1990). However, data collected since that time indicate that
elevated fecal coliform levels persist in many locations within the basin. In addition, the Department of
Ecology included Piper’s Creek on the Clean Water Act Section 303(d) list of threatened and impaired
water bodies as a water of concern (i.e., category 2) for turbidity in Venema Creek.
Table 27 presents summary statistics for conventional
water quality indicators reported in monthly samples
collected by King County (2006b) between 1988 and
2005. These samples represent mostly dry-weather, nonVWRUPÀRZFRQGLWLRQV7KHUHVXOWVIRUHDFKLQGLFDWRUDUH
discussed separately in the following subsections.

For the purposes of this report, the
King County and Ecology samples are
FDOOHGQRQVWRUPÀRZVDPSOHVDQG638
VDPSOHVDUHFDOOHGVWRUPÀRZVDPSOHV

Dissolved Oxygen and Temperature
Dissolved oxygen and temperature were measured monthly at three locations on Piper’s Creek by King
County for the 1988–2005 period of record. At all three locations, dissolved oxygen and temperature
followed seasonal patterns, with temperature readings lowest in winter and highest in summer, and dissolved
oxygen concentrations highest in winter and lowest in summer. These patterns are typical: as temperature
increases, dissolved oxygen concentrations decrease based on changes in the solubility of oxygen.
Piper’s Creek has experienced very few exceedances of water quality criteria for watercourses designated
as core summer salmon habitat. Exceedences occur primarily during the summer months. Samples
are compared to the 2006 state water quality standards (WAC 173-201A) for dissolved oxygen and the
1997 standards for temperature, because the existing data, which are from monthly samples, are not
directly comparable to the revised temperature criterion, which is based on the 7-day average of the
daily maximum temperatures. From 1996 to 2005, Piper’s Creek and Venema Creek never exceeded
the water quality criterion for temperature, and only zero to 2 percent of the samples failed to meet the
criterion for dissolved oxygen at the three sampling locations. Over the entire 18-year period of record,
Piper’s Creek upstream of Venema Creek exceeded the temperature criterion in one of 398 samples, and
no exceedances occurred in Venema Creek or in Piper’s Creek upstream of Venema Creek. Between
1988 and 2005, dissolved oxygen concentrations in Piper’s Creek and Venema Creek failed to meet the
water quality criterion in only 1 to 2 percent of the samples at the three sampling locations.
In typical urban watersheds, inputs of relatively warm stormwater runoff can cause temperatures in
VWUHDPVWRLQFUHDVHDERYHQDWXUDOO\RFFXUULQJOHYHOV,QDGGLWLRQFKDQQHOVLPSOL¿FDWLRQUHVXOWLQJIURP
such actions as levee construction, bank hardening, channel straightening, dredging, and woody debris
removal can reduce the hyporheic exchange in streams that helps to promote lower stream temperatures.
Hyporheic exchange refers to the mixing of surface water and ground water beneath the active stream
channel and riparian zone. Finally, reduced shading in streams due to removal of the riparian canopy
can cause stream water temperatures to increase.
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7DEOH3LSHU¶V&UHHNVXPPDU\VWDWLVWLFVIRUFRQYHQWLRQDOZDWHUTXDOLW\SDUDPHWHUVFROOHFWHG

E\.LQJ&RXQW\±
Dissolved
Oxygen
(mg/L)

Temperature
(degrees C)

pH

TSS
(mg/L)

Turbidity
(NTU)

Piper’s Creek Upstream of Venema Creek (Station KTAH02)
No. of samples
209
398
412
Minimum
6.6
2.0
1
Maximum
13.1
16.1
37,000
Median
10.7
11.4
200
Mean
10.8
10.8
762
5th percentile
9.7
6.0
24
95th percentile
12.2
14.4
3,760
Criteria a
9.5
16
50

206
6.0
8.4
7.9
7.8
7.1
8.2
6.5–8.5

204
0.5
223
3.3
9.7
1.1
35.7
–

203
0.2
70
1.7
4.3
0.7
15.0
–

Venema Creek (Station KTAH03)
No. of samples
210
Minimum
6.3
Maximum
13.1
Median
11.0
Mean
11.1
5th percentile
10.0
95th percentile
12.6
Criteria a
9.5

218
4
9,700
70
258
12
602
50

207
6.1
8.4
7.9
7.8
7.3
8.2
6.5–8.5

205
0.01
166
3.0
8.3
0.9
29
–

205
0.1
73
1.3
3.2
0.5
9.8
–

Piper’s Creek Downstream of Venema Creek (Station KHSZ06)
No. of samples
254
259
264
Minimum
6.0
1.5
11
Maximum
14.0
16.0
40,000
Median
10.9
10.2
250
Mean
10.9
10.0
1,201
5th percentile
9.8
5.0
31
95th percentile
12.7
14.0
5,825
Criteria a
9.5
16
50

251
6.0
10.0
7.7
7.7
7.0
8.2
6.5–8.5

249
0.5
425
3.7
22.4
1.1
94.2
–

249
0.1
180
2.0
8.8
0.7
37
–

211
2.0
14.5
10.2
9.7
5.1
13.3
16

Fecal Coliform
(cfu/100 mL)

a

Established criteria from WAC 173-201A. See Part 3 of this report for more details.
mg/L = milligrams per liter.
cfu/100 mL = colony-forming units per 100 milliliters.
TSS = total suspended solids.
NTU = nephelometric turbidity units.

Turbidity and Suspended Solids
The Department of Ecology included Piper’s Creek as a category 2 water body for turbidity on the 2004
Section 303(d) list of threatened and impaired water bodies, based on samples collected on February
3, 1999 from two stations on Venema Creek. The 2006 state water quality standard for core summer
salmon habitat use requires that turbidity levels not exceed 5 nephelometric turbidity units (NTU) over
background turbidity when the background level is 50 NTU or less, and not have more than a 10 percent
increase in turbidity when the background level is greater than 50 NTU. Summary statistics and time
series plots for turbidity and total dissolved solids are provided in Appendix B.
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%DFNJURXQGWXUELGLW\FRQGLWLRQVFDQEHGLI¿FXOWWRHVWDEOLVKLQ6HDWWOH¶VXUEDQZDWHUFRXUVHV7\SLFDOO\
background conditions are determined from samples collected upstream of a particular input to
a watercourse, such as a construction site, storm drain outfall, or municipal or industrial discharge.
%DFNJURXQGFRQGLWLRQVDUHWKHQFRPSDUHGWRVDPSOHVFROOHFWHGGRZQVWUHDPRIDVSHFL¿FVRXUFHLQSXW
to determine compliance with the turbidity standard. However, because the monitoring stations in
3LSHU¶V &UHHN DUH DOO ORFDWHG ZLWKLQ &DUNHHN 3DUN UDWKHU WKDQ XSVWUHDP DQG GRZQVWUHDP RI VSHFL¿F
source inputs, these data are not suitable for assessing compliance with the turbidity standard.
The February 3, 1999 samples were collected at two stations on Venema Creek during a 0.53-inch
UDLQIDOOHYHQW7KHXSVWUHDPVWDWLRQ 9 ZDVORFDWHGMXVWXSVWUHDPRIWKHFRQÀXHQFHZLWK0RKOHQGRUSK
&UHHN DQG WKH GRZQVWUHDP VWDWLRQ 9  ZDV ORFDWHG MXVW XSVWUHDP RI WKH FRQÀXHQFH ZLWK 3LSHU¶V
Creek. Turbidity levels increased by 7.7 NTU between station V2 (38.8 NTU) and station V1 (46.5
NTU). There are no storm drain inputs along this reach of Venema Creek, and the measured turbidity
in Mohlendorph Creek on February 3 was only 23.7 NTU. Therefore, the increase in turbidity on this
GDWHDSSHDUVWREHUHODWHGWRLQVWUHDPHURVLRQUDWKHUWKDQDVSHFL¿FVRXUFHLQSXWWRWKHZDWHUFRXUVH
The historical data from King County (2006b) indicate that particulate levels in Piper’s Creek tend to
increase as the watercourse passes through Carkeek Park. Mean values of total suspended solids and
turbidity are generally higher at the station downstream of Venema Creek (22.4 mg/L and 8.8 NTU,
respectively) compared to the upstream station (9.7 mg/L and 4.3 NTU, respectively). However, the
increase does not appear to be associated with Venema Creek discharges, because mean values of total
suspended solids concentrations and turbidity levels for Venema Creek are generally the same as levels
reported at the upstream Piper’s Creek station (see Table 27).
The portion of Piper’s Creek between the upstream and
The receding limb of a storm refers
downstream sampling stations receives a number of inputs,
to the period after the storm has
primarily from seeps but also from a few small storm drain
SDVVHGDQGÀRZVLQGRZQVWUHDP
outfalls. Because most of the historical samples were
receiving waters are declining
relative to the peak rate that
FROOHFWHGGXULQJQRQVWRUPÀRZFRQGLWLRQV LHHLWKHUGXULQJ
RFFXUUHGDIWHUWKHVWRUPEHJDQ
a dry period or during the receding limb of a previous storm),
it is not possible to determine whether storm drains or seeps,
or both, contribute to the increase in suspended solids in Piper’s Creek. Given the relatively steep
channel gradient in this portion of the watercourse, increases in particulate concentrations also could be
associated with channel erosion rather than source inputs.
Stormwater samples collected by SPU in Venema Creek between 2000 and 2005 contain higher turbidity
OHYHOVWKDQWKHURXWLQH.LQJ&RXQW\VDPSOHVZKLFKPRVWO\UHSUHVHQWQRQVWRUPÀRZFRQGLWLRQV7KH
median turbidity measured in stormwater samples between 2000 and 2005 was 34 NTU, compared to
178IRUWKHQRQVWRUPÀRZVDPSOHV$VVKRZQLQ7DEOHPRVWRIWKHQRQVWRUPÀRZVDPSOHV
(93 percent) contained less than 10 NTU, compared to only 30 percent of the storm samples.
,QFUHDVHVLQWXUELGLW\DQGVXVSHQGHGVROLGVGRZQVWUHDPW\SLFDOO\UHVXOWIURPODUJHUVWRUPÀRZVDVVRFLDWHG
ZLWKXUEDQL]DWLRQLQWKHZDWHUVKHG/DUJHUSHDNÀRZVWHQGWRHURGHWKHVWUHDPEHGDQGHQWUDLQSDUWLFOHV
PRUH HIIHFWLYHO\ WKDQ VPDOOHU OHVV IUHTXHQW VWRUP ÀRZV  ,Q DGGLWLRQ XUEDQ VWUHDP EDQNV W\SLFDOO\
HURGHPRUHHDVLO\DVULSDULDQYHJHWDWLRQLVUHPRYHGRUPRGL¿HGUHVXOWLQJLQLQFUHDVHGWXUELGLW\DQG
suspended solids downstream, particularly during storms. Finally, turbidity and suspended solids tend
to increase downstream in urban streams due to unnaturally high inputs of turbid water resulting from
upland construction activities and ground disturbance.
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7DEOH3LSHU¶V&UHHNWXUELGLW\GDWDVXPPDU\±

Turbidity (NTU)
<1
<10
<50
<100

Frequency (percent)
King County Monthly Samples
SPU Storm Samples
14
93
99
100

0
29
71
93

NTU = nephelometric turbidity units.

pH Conditions
Piper’s Creek routinely meets the state water quality criterion for pH. Of the more than 650 samples
collected from the three Piper’s Creek sampling stations by King County between 1988 and 2005, only
eight samples (1 percent) were outside the allowable range established in the state criterion (pH 6.5 to
8.5). The most recent excursion occurred on May 26, 2004 near the mouth of Piper’s Creek (pH 6.4).
All of the other excursions occurred between 1988 and 1999.

Fecal Coliform Bacteria
Since 1998, King County has collected fecal coliform bacteria samples monthly in Piper’s Creek. Fecal
coliform levels are quite variable, ranging over three orders of magnitude (see Table 27). Bacteria
levels in Venema Creek (median value of 70 colony-forming units per 100 milliliters [cfu/100 mL])
were lower than the levels measured in Piper’s Creek upstream of Venema (median value of 200 cfu/100
mL) and downstream of Venema (median value of 250 cfu/100 mL). Over the 18-year period of record,
approximately 70 percent of the samples collected in Piper’s Creek (upstream and downstream of
Venema Creek) exceeded 100 cfu/100 mL, compared to only 39 percent in Venema Creek. Under
the state water quality standard for extraordinary primary recreation, no more than 10 percent of the
samples are permitted to exceed 100 cfu/100 mL.
Recent data for fecal coliform bacteria collected from 1996 through
2005 at three stations (in Venema Creek and in Piper’s Creek
upstream and downstream of Venema Creek) are summarized in
Table 29. Fecal coliform levels frequently exceeded the state water
quality criterion for extraordinary primary contact recreation (i.e.,
a geometric mean of 50 cfu/100 mL, with no more than 10 percent
exceeding 100 cfu/100 mL; Ecology 2006a). For example, the
annual geometric mean fecal coliform level exceeded the criterion
every year in Piper’s Creek (both upstream and downstream of
Venema Creek) and in 9 of the 10 years at the Venema Creek
station. In addition, the 100 cfu/100 mL limit was exceeded in
15 to 94 percent of the samples across all three sites. The annual
geometric mean fecal coliform levels in Venema Creek (43 to 210
cfu/100 mL) were generally lower than the levels measured in
Piper’s Creek (76 to 630 cfu/100 mL).
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7DEOH3LSHU¶V&UHHNIHFDOFROLIRUPEDFWHULDOHYHOV±
Fecal Coliform Bacteria (cfu/100 mL)
Maximum

Geometric Mean

Percent
Greater than
100

Piper’s Creek Upstream of Venema (KTAH02)
1996
12
72
1997
14
11
1998
11
52
1999
12
70
2000
11
35
2001
15
14
2002
16
11
2003
14
17
2004
11
23
2005
12
23

4,700
15,000
5,700
37,000
2,300
1,100
840
640
390
420

300
410
260
530
290
76
100
130
150
130

83
79
73
83
82
27
50
71
73
67

Venema Creek (KTAH03)
1996
13
1997
14
1998
10
1999
14
2000
11
2001
13
2002
11
2003
28
2004
12
2005
13

48
12
20
31
22
19
30
5
21
10

1,000
610
6,900
9,700
2,200
3,600
200
360
230
470

150
60
120
210
120
61
77
43
52
96

54
29
40
57
45
15
36
18
25
46

80
31
53
89
64
23

5,100
14,000
8,000
14,000
10,000
8,000

390
400
630
550
460
380

81
72
79
94
88
68

54
41
25

3,600
6,900
1,500

220
350
190

58
67
73

Year

Number of
Samples

Piper’s Creek Near Mouth (KTAH06)
1996
16
1997
18
1998
19
1999
16
2000
17
2001
22
2002
2003
12
2004
12
2005
15

Minimum

cfu/100 mL = colony-forming units per 100 milliliters.

SPU collects stormwater samples two or three times each year at three stations in the Piper’s Creek
basin (Piper’s UP, Piper’s DN, and Venema Creek; see Map 20). Results from stormwater samples
collected in 1999 through 2005 are summarized in Table 30. As expected, the SPU stormwater samples
JHQHUDOO\ FRQWDLQ KLJKHU OHYHOV RI IHFDO FROLIRUP EDFWHULD WKDQ WKH PRVWO\ QRQVWRUP ÀRZ VDPSOHV
collected monthly by King County. The annual geometric mean for the King County samples ranged
from 43 to 210 cfu/100 mL in Venema Creek and from 76 to 630 cfu/100mL in Piper’s Creek, compared
WRWKH638VWRUPÀRZUHVXOWV DQQXDOJHRPHWULFPHDQV RIFIXP/LQ9HQHPD&UHHNDQG
3,800 to 4,100 cfu/100 mL in Piper’s Creek.
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7DEOH3LSHU¶V&UHHNDQG9HQHPD&UHHNIHFDOFROLIRUPEDFWHULDVWDWLVWLFVIRUVWRUPZDWHU

VDPSOHV±

Location
Venema Creek
Piper’s Creek above the orchard
Piper’s Creek below Venema

Fecal Coliform Bacteria (cfu/100 mL)
Number of
Geometric
Percent Greater
Samples
Minimum Maximum
Mean
Than 100
9
12
9

150
500
530

10,300
23,000
25,000

2,200
4,100
3,800

100
100
100

cfu/100 mL = colony-forming units per 100 milliliters.

The Department of Ecology (Olsen 2003) collected samples at 17 sites in Piper’s Creek under nonVWRUPÀRZFRQGLWLRQVRQ-XO\WRLGHQWLI\SRWHQWLDOVRXUFHVRIIHFDOFROLIRUPEDFWHULD VHH0DS
20). All samples were collected within Carkeek Park. Fecal coliform levels ranged from 10 to 1,800
cfu/100 mL. Only seven of the 17 samples were below the 100 cfu/100 mL percentage criterion, and
¿YHVDPSOHVZHUHEHORZFIXP/7KHKLJKHVWOHYHOV WRFIXP/ ZHUHPHDVXUHG
in the 48-inch culvert at the head of the ravine in Carkeek Park (at the upper end of Piper’s Creek),
and in Piper’s Creek just above the twin pipes stormwater outfall (1,200 cfu/100 mL). The 48-inch
FXOYHUWFDUULHVÀRZIURPDWHQEORFNDUHDLQWKHXSSHUZDWHUVKHGEHWZHHQ1:WK6WUHHWDQG1:WK
6WUHHW)HFDOFROLIRUPFRXQWVLQWKHWZLQSLSHVZKLFKFRQYH\WKHPDMRULW\RIWKHÀRZIURPWKHXSSHU
watershed, were 49 to 64 cfu/100 mL. Fecal coliform levels in the main stem of Piper’s Creek below
the twin pipes were about one order of magnitude lower than the levels at the head of the watercourse
(220 to 320 cfu/100 mL), presumably caused by dilution from the twin pipes. Fecal coliform levels in
the small tributaries and seeps that enter Piper’s Creek within Carkeek Park were generally low (10 to
140 cfu/100 mL).
Potential sources of fecal coliform bacteria
in urban streams are wildlife and pet wastes,
leaking wastewater systems, failing septic
V\VWHPVZDVWHZDWHUWUHDWPHQWSODQWHIÀXHQWDQG
FRPELQHG VHZHU RYHUÀRZ HYHQWV  6WRUPZDWHU
runoff from urban development can easily wash
bacteria from these sources into urban streams.
Data from microbial source tracing studies in
Seattle urban watercourses (i.e., Piper’s Creek
and Thornton Creek) have shown the primary
source to be pet and wildlife wastes.

Piper’s Creek (photo by Bennett)

Metals
Fourteen priority pollutant metals with recommended water quality criteria for the protection of aquatic
life and human health in surface water were reviewed (see Table 9), with sample results available
XQGHUQRQVWRUPÀRZDQGVWRUPÀRZFRQGLWLRQV7KHSHULRGRIUHFRUGLVUHODWLYHO\UHSUHVHQWDWLYHIRU
Piper’s Creek downstream of Venema Creek (station KSHZ06; King County 2006b), with good data
TXDOLW\7KHTXDOLW\RIWKHVWRUPÀRZGDWDLVUHODWLYHO\SRRU6XPPDU\VWDWLVWLFVDQGWLPHVHULHVSORWV
for dissolved and total metals are provided in Appendix B.
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King County (undated) measured dissolved metals concentrations in Piper’s Creek in 21 total samples
collected between May 27, 1998 and October 31, 2005 at three stations: KSHZ06, KTHA01, and
KTHA03 (Map 20). The results show generally moderate dissolved metals concentrations. One
GLVVROYHG OHDG FRQFHQWUDWLRQ H[FHHGHG WKH FKURQLF WR[LFLW\ VWDQGDUG LQ RQH RI  QRQVWRUP ÀRZ
samples (5 percent; Table 31); this result is a suspected outlier (an outlier is a value that falls beyond
the step spread, as described under Summary Statistics in Part 3). No other dissolved metals exceeded
DWR[LFLW\VWDQGDUGLQWKHQRQVWRUPÀRZVDPSOHV
7DEOH3LSHU¶V&UHHNPHWDOVWR[LFLW\FULWHULDH[FHHGDQFHVEHWZHHQDQG

Flow
Condition
Nonstorm
Storm
Storm
Storm
Storm
Storm
Storm
Storm
Storm
Storm

Station

Parameter

Sample Date

Result
(μg/L)

KSHZ06
Piper’s Dn
Piper’s Up
Piper’s Up
Piper’s Up
Piper’s Up
Piper’s Up
Venema
Venema
Venema

Lead, dissolved
Copper, dissolved
Copper, dissolved
Copper, dissolved
Copper, dissolved
Copper, dissolved
Mercury, total
Copper, dissolved
Copper, dissolved
Lead, dissolved

2/12/2001
2/16/2004
10/3/2002
11/6/2002
12/12/2002
2/16/2004
2/16/2004
12/12/2002
2/16/2004
2/16/2004

1.03
7.2
7.2
8.8
6.3
8.8
0.12
5.7
5.7
4.2

Acute
Criterion
Exceeded

Chronic
Criterion
Exceeded

–
–
–
7.4
–
6.8
–
–
–
–

0.64
5.6
6
5.3
6
4.9
0.012
5.3
4.8
0.82

μg/L = micrograms per liter.

8QGHUVWRUPÀRZFRQGLWLRQV638PHDVXUHGGLVVROYHGPHWDOVLQWRWDOVWRUPZDWHUVDPSOHVFROOHFWHG
between August 21, 2001 and July 8, 2005 at three stations: Piper’s UP, Piper’s DN, and Venema
(Map 20). Dissolved lead and copper had some exceedances of toxicity criteria. One of eight stormwater
samples (12 percent), a suspected outlier, exceeded the chronic toxicity criterion for dissolved lead
(Table 31). Seven of 27 stormwater samples (26 percent) exceeded the chronic toxicity criterion for
GLVVROYHGFRSSHUXQGHUVWRUPÀRZFRQGLWLRQVDQGWZRVDPSOHV SHUFHQW DOVRH[FHHGHGWKHDFXWH
toxicity criterion (Table 31). All stations sampled recorded at least one exceedance for dissolved
copper.
Limited data are available for total selenium and total mercury in Piper’s Creek. Total selenium was
measured in 21 King County (2006b) samples collected near the mouth (station KSHZ06) between May
DQG2FWREHUXQGHUPRVWO\QRQVWRUPÀRZFRQGLWLRQV1RVHOHQLXPH[FHHGDQFHVZHUH
found. Of the limited mercury data, one stormwater sample collected at the Piper’s Creek upstream
station on February 16, 2005 exceeded the chronic toxicity criterion for total mercury (Table 31).
Fourteen of fourteen total arsenic results (100 percent) exceeded the human health criterion of 0.018
J/XQGHUQRQVWRUPÀRZFRQGLWLRQVDQGWKUHHRIWKUHHUHVXOWV SHUFHQW H[FHHGHGWKHKXPDQ
KHDOWK FULWHULRQ XQGHU VWRUP ÀRZ FRQGLWLRQV W\SLFDO IRU 6HDWWOH XUEDQ ZDWHUFRXUVHV  7KLV GULQNLQJ
ZDWHUFULWHULRQDSSOLHVWRKXPDQFRQVXPSWLRQRIZDWHUDQG¿VK VHH7DEOH 7KHUHIRUHWKHULVNWR
KXPDQKHDOWKLVPLQLPDOLISHRSOHGRQRWGULQNZDWHUIURPWKHVWUHDPRUFRQVXPH¿VKOLYLQJLQWKH
stream. Although the human health criterion for arsenic is frequently exceeded, the aquatic life chronic
and acute toxicity criteria are seldom exceeded.
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As noted earlier, exceeding a criterion does not necessarily indicate that the water quality standard
has been violated. Often, other polluting conditions must exist for a stream segment to be in violation
of water quality standards. For example, if the natural conditions of a water body fail to meet the
established water quality criteria, then the natural conditions may be adopted as the water quality
criteria for that water body.
Metal pollutants accumulate on impervious surfaces in urban watersheds and are washed off during
VWRUPV6RPHPHWDOVDUHERXQGWRVHGLPHQWVFRQVHTXHQWO\DVVWRUPÀRZVHQWUDLQVRLODQGVHGLPHQW
metals are more easily transported to streams. Sources of metal pollutants include wear and tear of
vehicle parts (e.g., brake pads, tires, rust, and engine parts), atmospheric deposition, common building
PDWHULDOV HJJDOYDQL]HGÀDVKLQJDQGPHWDOGRZQVSRXWV DQGURRIPDLQWHQDQFHDFWLYLWLHV HJPRVV
control).

Nutrients
King County (undated) analyzed nutrients (i.e., nitrate+nitrite, total nitrogen, and total phosphorus) in
samples collected between April 13, 1998 and December 20, 2005 at four stations (KSHZ06, KTHA01,
KTHA02, and KTHA03; Map 20). Nutrient concentrations in Piper’s Creek frequently exceeded
HVWDEOLVKHG EHQFKPDUNV  7RWDO QLWURJHQ DQG WRWDO SKRVSKRUXV FRQFHQWUDWLRQV XQGHU QRQVWRUP ÀRZ
conditions exceeded benchmarks in 100 percent and 14 percent of samples, respectively (74 percent for
WRWDOSKRVSKRUXVXQGHUVWRUPÀRZFRQGLWLRQV 
Exceedances of the total phosphorus benchmark occurred infrequently in Venema Creek (KTHA03)
and in Piper’s Creek upstream of the Carkeek treatment plant (KTHA01), but more frequently near
the mouth (KSHZ06) and upstream of Venema Creek (KYHA02). However, several of the samples
that exceeded the benchmarks are suspected outliers (see Data Analysis in Part 3 for information about
outlier values).
Stormwater samples were collected by SPU between January 13, 1999 and July 8, 2005 at three stations
in Piper’s Creek (Piper’s UP, Piper’s DN, and Venema; Map 20). Ammonia-N, nitrate+nitrite, and total
phosphorus concentrations were reported. Total phosphorus concentrations in stormwater samples
frequently exceeded the benchmark, with 75 percent of the samples greater than 0.1 mg/L. A summary
RIQRQVWRUPÀRZDQGVWRUPÀRZQXWULHQWGDWDDUHVKRZQLQ7DEOH
Phosphorus and nitrogen are common pollutants in urban streams. Sources include fertilizer applications,
increased soil erosion, nutrients from washwater (e.g., car and boat cleaning), failing septic systems,
pet wastes, and improper dumping of yard wastes. All of these sources can result in increased nutrient
concentrations in stormwater runoff. This is of particular concern for water quality in the larger water
bodies such as freshwater lakes and Puget Sound. Elevated nutrient levels can lead to eutrophication,
DSURFHVVLQZKLFKUDSLGJURZWKRIDOJDHPD\RYHUFRPHQDWXUDOVHOISXUL¿FDWLRQSURFHVVHVLQWKHZDWHU
body. The resulting algal blooms degrade water quality as the decomposing algae reduce the dissolved
oxygen concentrations in receiving waters. Ultimately, increased nutrient concentrations can reduce
survival opportunities for salmonids, which rely on oxygen-rich waters.
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7DEOH3LSHU¶V&UHHNVXPPDU\VWDWLVWLFVIRUQXWULHQWV
Ammonia-N
(mg/L)
NonStorm a Storm b

Nitrate+nitrite
(mg/L)
NonStorm a Storm b

Piper’s Creek Upstream of Venema Creek
No. of samples
55
17
Minimum
0.01
0.01
Maximum
0.27
1.0
Median
0.013
0.13
Mean
0.034
0.23
5th percentile
0.01
0.026
95th percentile
0.15
0.64
Benchmark c
0.43 – 2.1

84
0.55
2.1
1.5
1.5
0.97
1.9

Venema Creek
No. of samples
Minimum
Maximum
Median
Mean
5th percentile
95th percentile
Benchmark c

85
0.63
2.1
1.4
1.4
0.89
1.8

51
17
0.01
0.01
0.044
0.14
0.01
0.025
0.014
0.046
0.01
0.01
0.03
0.14
0.43 – 2.1

Piper’s Creek Downstream of Venema Creek
No. of samples
85
17
Minimum
0.01
0.01
Maximum
0.11
0.44
Median
0.013
0.088
Mean
0.023
0.15
5th percentile
0.01
0.012
95th percentile
0.063
0.43
Benchmark c
0.43 – 2.1

16
0.32
1.4
0.87
0.85
0.33
1.4

Total Nitrogen
(mg/L)
NonStorm a Storm b
78
1.2
2.6
1.7
1.7
1.4
2.2

–
86
1.1
2.2
1.6
1.6
1.3
2.0

–

ND
ND
ND
ND
ND
ND
ND

86
1.1
2.8
1.7
1.7
1.2
2.2

16
0.0034
0.57
0.19
0.22
0.039
0.56
0.1

87
0.044
0.2
0.073
0.073
0.052
0.095

0.34
16
0.42
1.5
0.97
0.94
0.43
1.5

–

84
0.045
0.23
0.075
0.081
0.054
0.13

0.34
16
0.035
1.4
0.99
0.93
0.45
1.3

89
0.5
2.1
1.5
1.5
0.61
2.10

ND
ND
ND
ND
ND
ND
ND

Total Phosphorus
(mg/L)
NonStorm a
Storm b

15
0.054
0.99
0.13
0.25
0.056
0.75
0.1

ND
ND
ND
ND
ND
ND
ND

83
0.046
0.44
0.076
0.09
0.049
0.18

0.34

16
0.06
0.86
0.18
0.26
0.072
0.71
0.1

a

Non-storm samples collected at stations KTAH02, KTAH03, and KTAH06.
Storm samples collected at stations Pipers Up, Venema, and Pipers Dn.
Ammonia chronic toxicity criteria are pH-dependent, and the given range is for a pH of 6.5–8.5. All nutrient
criteria and benchmarks are described in more detail in Part 3 of this report.
mg/L = milligrams per liter.
ND= no data collected.

b
c

Stream-Scale Conditions
Piper’s Creek is mostly a steep, narrow watercourse but has a relatively broad, low-gradient valley in its
lower watershed. The main channel and its tributaries have been gradually cutting steep ravines into the
upland plateau for the past 10,000 years. As the channels gradually cut farther into the plateau through
soft, glacially deposited sediments (mostly advance outwash sands), surface erosion and landslides
KDYHZLGHQHGWKHVWHHSUDYLQHZDOOV7KH3LSHU¶V&UHHNZDWHUFRXUVHWRGD\LVKHDYLO\LQÀXHQFHGE\
erosion of the channel and ravine walls, and that process was probably at work even prior to urban
development, given the geology of the watershed.

118

Part 4

Conditions in Piper’s Creek

City of Seattle State of the Waters 2007

Volume I: Seattle Watercourses

7KH3LSHU¶V&UHHNUDYLQHH[WHQGVRYHUDPLOHLQWRWKHSODWHDXDQGKDVDIDLUO\ÀDWJUDGLHQW9HQHPD
Creek and Mohlendorph Creek, which are major tributaries on the north side of the plateau, are shorter
and steeper. Piper’s Creek has several other tributaries that are very short and extremely steep. Some of
these tributaries originate from ground water seepage in landslide scars high on the ravine walls, while
others drain surface runoff from the plateau.
3LSHU¶V&UHHNLVGLYLGHGLQWR¿YHUHDFKHVIRUWKLVGLVFXVVLRQ
Watercourse codes, shown on the watercourse maps, consist
of two letters of the watercourse name (PI for Piper’s) and
the number of the stream segment, starting with 01 at the
mouth and increasing in the upstream direction:

Watercourses are divided into reaches,
reaches are divided into segments, and
VHJPHQWVDUHGLYLGHGLQWRVHFWLRQV

 Piper’s Creek Plateau (PI05)
 Upper Piper’s Creek (PI04), upstream of the twin pipes stormwater outfall (NW 105th Street)
 Middle Piper’s Creek (PI03–PI02), between the twin pipes and the wastewater pumping station
 Lower Piper’s Creek (PI01), between the pumping station and the mouth
 Tributaries of Piper’s Creek, focusing on Venema Creek and Mohlendorph Creek.
Piper’s Creek Plateau (PI05)
+LVWRULFDOO\ WKLV UHDFK ÀRZHG WKURXJK D IRUHVWHG ZHWODQG SODWHDX ZLWK QXPHURXV ZHWODQGV DQG SHDW
GHSRVLWV7KHORZJUDGLHQWFKDQQHOFRQQHFWHGWRDEURDGÀRRGSODLQERWKRIZKLFKVWRUHGZDWHUVHGLPHQW
and wood and delivered water slowly to lower reaches of the stream (Seattle 2005). The plateau reach
UHJXODWHGVWUHDPÀRZVZDWHUWHPSHUDWXUHVHGLPHQWDQGQXWULHQWDYDLODELOLW\7RGD\WKLVUHDFKIXQFWLRQV
to collect and convey runoff to lower reaches of Piper’s Creek. Former plateau channels and wetlands
KDYHEHHQUHSODFHGE\VWRUPGUDLQVDQGGLWFKHV 6WRNHUDQG3HUNLQV DQGDUHQRZFRYHUHGE\¿OO
and impervious surfaces.
The Piper’s Creek channel emerges in the Greenwood neighborhood, on the gently rolling upland
plateau (Map 21). The channel in the upper reach extends over 3,000 feet in length (38 percent of the
total main stem channel length), ending in a culvert under NW 100th Place.

Riparian Habitat
The Piper’s Creek plateau reach has a fragmented riparian corridor of rather low quality where the
ZDWHUFRXUVHLVQRWLQFXOYHUWVDQGÀRZVDORQJURDGVDQGEHWZHHQKRXVHVDQGEXVLQHVVHV(QFURDFKPHQW
is severe along this reach, and most structures are closer than 20 feet to the watercourse (Map 24). The
riparian corridor is composed of lawns, landscaping, and invasive Himalayan blackberry (Map 23).
The riparian corridor supplies no shading or wood debris to the stream throughout this reach.
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Instream Habitat
0XFK RI 3LSHU¶V &UHHN XSVWUHDP RI 1: WK 3ODFH ÀRZV WKURXJK FXOYHUWV IRU  SHUFHQW RI WKH
channel length), with the active channel width averaging 6.7 feet (where the watercourse is not in a
culvert). With the high amount of residential and commercial encroachment on the watercourse, nearly
30 percent of the open-channel segments are armored on either one or both banks (Map 24). The
FKDQQHODOVRKDVEHHQVWUDLJKWHQHGDQGUHDOLJQHG0RVWRILWVÀRRGSODLQFRQQHFWLRQVKDYHEHHQORVW
and the channel contains little or no structure.
The plateau reach has poor-quality instream habitat. The typical channel type for the 2 to 4 percent
JUDGLHQWLVDIRUFHGSRROULIÀHPRUSKRORJ\ZKHUHHQRXJKODUJHZRRGLVSUHVHQW+RZHYHUWKLVUHDFKLV
dominated by a plane-bed channel due to the absence of large wood debris (Seattle 2005). Of the 680
IHHWRIRSHQFKDQQHOVXUYH\HGLQWKLVUHDFKSHUFHQWLVULIÀHSHUFHQWLVJOLGHDQGRQO\SHUFHQW
is pool (Map 23). The only slow-water (pool) habitat within this reach is a shallow pond that has been
dug on private property and is maintained by a 3-foot-high dam at its downstream end. Of the 3,000
IHHWRIFKDQQHOIHHWKDVVXI¿FLHQWFKDQQHOZLGWKDQGÀRZWREHW\SHGDVSRWHQWLDOO\¿VKEHDULQJ
SUREDEO\ IRU UHVLGHQW VSHFLHV   )LVK DUH QRW SUHVHQW DQG KDYH QRW EHHQ GRFXPHQWHG DERYH WKH ¿VK
barrier at NW 103rd Street.

Upper Piper’s Creek (PI04)
Instream and riparian conditions improve as the
watercourse enters Carkeek Park, at the NW 100th
Place culvert outlet. This reach is 1,630 feet in length
from NW 100th Place to the twin pipes stormwater
outfall (18 percent of the total main stem length).

Riparian Habitat

Piper’s Creek in upper Carkeek Park (photo
by Bennett)

Riparian habitat is rather spotty throughout the upper
Piper’s Creek reach. The overstory is dominated
by a deciduous forest that provides a sparse canopy.
The canopy shades between 25 and 75 percent of the
stream, depending on location. The understory contains
nonnative plants, particularly Himalayan blackberry,
concentrated at the upstream end of the reach.

In general, riparian conditions tend to be worse near the upstream end of this reach, improving as the
watercourse moves farther into the ravine and park. The riparian corridor width follows a similar trend,
averaging 25 to 75 feet at the upstream end of the reach where the watercourse is adjacent to houses.
The corridor width increases to over 100 feet downstream. There are limited areas of encroachment
within the lower portion of the reach, particularly at pedestrian bridges near the twin pipes outfall.
The conditions within this reach cumulatively indicate moderate riparian habitat quality, although
downstream segments of the reach have better conditions than those upstream.
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Instream Habitat
The upper Piper’s Creek reach has two distinct watercourse segments for instream habitat: the upper
segment from NW 100th Street to a former logging railroad embankment known as Camel’s Hump, and
the lower segment from Camel’s Hump to the twin pipes outfall.
The upper segment currently functions as a depositional area where the 85-foot culvert under
the railroad embankment has prevented channel incision and causes water to accumulate
immediately upstream (Map 22). Sediment deposition upstream of this culvert has actually
reduced the stream gradient in the reach and created a sinuous, low-gradient channel (2.5
percent gradient). This segment of upper Piper’s Creek is mostly sand-bedded, with connection
WR D GHSRVLWLRQDO ÀRRGSODLQ DQG ZHWODQGV 6WRNHU DQG 3HUNLQV    6HGLPHQW IURP
YDOOH\ZDOO ODQGVOLGHV PRVWO\ LV VWRUHG RQ WKH ÀRRGSODLQ DOWKRXJK D VPDOO SHUFHQWDJH LV OLNHO\
transported downstream.
Downstream of Camel’s Hump, the gradient increases
6WUHDPVZLWKDFWLYHÀRRGSODLQV
to almost 4 percent. This lower segment of the reach
generally have terrace heights below
DSSHDUV WR UHFHLYH VRPHZKDW ORZHU ÀRZV WKDQ RWKHU
IHHW,Q3LSHU¶V&UHHNPRVWWHUUDFHV
parts of the watercourse. Most of the channel in
are 2 to 4 feet high in the tributaries
and 4 to 5 feet high in the lower main
this segment is stable, except for an area of channel
VWHPDOWKRXJKWKH\FDQUHDFKIHHW
degradation (incision) downstream of the Camel’s Hump
culvert (Map 22). Where channel degradation has
RFFXUUHG WKH FKDQQHO LV HQWUHQFKHG DQG FRQ¿QHG EHWZHHQ WHUUDFHV WKDW DUH UHPQDQWV RI
IRUPHU ÀRRGSODLQV  7KH WHUUDFH KHLJKWV LQ WKLV UHDFK DYHUDJH OHVV WKDQ  IHHW H[FHSW IRU
the watercourse segment immediately downstream of Camel’s Hump, which has terrace heights of 3
to 6 feet.
The lowest segment in this reach is supplied by sediment from sandy valley-wall landslides
delivered by steep tributaries near the downstream end of the reach. Given its moderate gradient
of 2 to 4 percent (Map 21), historically this reach has both stored and transported sediment to the
lower reaches of the stream. Downstream transport of wood was probably always minor due to the
small size of the channels. Although large woody debris once provided stability for the step tributaries,
logging has since removed sources of this structure.
The habitat in upper Piper’s Creek is of medium quality (Map 25). The streambed, dominated by sand
DQGFRQWLQXRXVULIÀHODFNVKDELWDWGLYHUVLW\ 0DS *LYHQWKHWRSHUFHQWJUDGLHQWWKHFKDQQHO
VKRXOGSURYLGHDIRUFHGSRROULIÀHFKDQQHOW\SHEXWWKHUHLVQRVWUXFWXUHWRIRUFHWKHIRUPDWLRQRISRRO
habitat (Seattle 2005).
This watercourse segment supports resident cutthroat trout; several juvenile trout were documented
LQ  XSVWUHDP RI WKH FRQÀXHQFH ZLWK WKH ¿UVW VWHHS WULEXWDU\ :DVKLQJWRQ 7URXW   
7KLV VHJPHQW LV XQOLNHO\ WR VXSSRUW DQDGURPRXV ¿VK EHFDXVH WKH EDVH VWUHDP ÀRZ KHUH LV UHGXFHG
by almost half the volume upstream of the twin pipes outfall (Washington Trout 2000; Stoker and
Perkins 2005).
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Middle Piper’s Creek (PI03–PI02)

Twin pipes outfall along Piper’s Creek (photo by Bennett)

The middle reach of Piper’s Creek
extends downstream 2,870 feet from the
twin pipes outfall in an open channel (33
percent of the main stem channel length)
before being conveyed via a 342-foot
culvert around the wastewater pumping
station. In this area, the valley bottom
widens along the downstream portions
of the watercourse, where the channel is
UHODWLYHO\ XQFRQ¿QHG ZLWK D PRGHUDWH
gradient of 2 to 4 percent (Map 21).
Historically, the channel meandered
somewhat and connected laterally to
WKH ÀRRGSODLQ LQFOXGLQJ ZHWODQGV DW
the bottom of the valley walls. These
FRQQHFWLRQV WR WKH ÀRRGSODLQ DUH
important for dissipating energy from
KLJKVWUHDPÀRZV

Riparian Habitat
Riparian habitat quality is high throughout this reach. The stream is surrounded by a mostly
deciduous forest with some conifers, and a native understory with an occasional Himalayan
blackberry shrub. The deciduous forest provides the stream with about 50 percent canopy
coverage. The riparian corridor is capable of supplying some wood, particularly small pieces,
to Piper’s Creek.
Carkeek Park has protected the channel from encroachment (Map 24). The riparian corridor is generally
over 100 feet in width, although in some locations it exceeds 300 feet in width due to the boundaries of
Carkeek Park. There is some encroachment by trails near the north end of 8th Avenue NW and immediately
across the ravine, although even in those locations riparian vegetation extends beyond 50 feet from the
stream.

Instream Habitat
Upper and middle Piper's Creek combined supply 34 percent of the watercourse’s sediment load.
Ecologically, this reach should temporarily store wood and sediment (primarily gravel), and transport
these materials to the lower watercourse. While segments in the middle reach (PI03 and PI02)
historically were similar, the watercourse within the lower segment (PI02) has been placed in a culvert.
This piped segment offers little habitat (Map 25).
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Currently, 29 percent of the Piper’s Creek watershed drains to middle Piper’s Creek through the twin
pipes outfall, nearly doubling the average active channel width of this reach to about 12 feet (compared
with about 6 feet upstream). Despite this alteration, the channel in the upper segment (PI03) is in
relatively stable condition. Fourteen valley-spanning boulder weirs, constructed in 1973, have largely
succeeded in stabilizing approximately three-quarters of the length of the channel (Map 22). The weirs
function as grade controls that have prevented the channel from further incision, allowed sediment to
GHSRVLWDQGUHEXLOWWKHVWUHDPEHGHOHYDWLRQWRUHFRQQHFWWKHVWUHDPDQGÀRRGSODLQ7KHVXEVWUDWHLV
mostly gravel with small patches of sand (Stoker and Perkins 2005). Typically there is channel incision
immediately downstream of the weirs, and depositional (restabilized) areas immediately upstream of
WKHZHLUVZLWKÀRRGSODLQFRQQHFWLRQV/LNHZLVHFKDQQHOLQFLVLRQDQGEDQNDUPRULQJOLPLWÀRRGSODLQ
connections in the lower half of the reach, with terrace heights of 4 to 9 feet surrounding the stream
(Stoker and Perkins 2005). The upper segment (PI03) contains high-quality habitat, mostly on the basis
RIÀRRGSODLQFRQQHFWLRQULSDULDQSURWHFWLRQDQGVXEVWUDWHTXDOLW\ 0DS 
The condition that detracts from higher-quality habitat in this segment is the lack of instream habitat
GLYHUVLW\:KLOHWKHFKDQQHOLVH[SHFWHGWRKDYHDIRUFHGSRROULIÀHFKDQQHOW\SHLQVWHDGWKHVWUHDP
KDVDSODQHEHGFKDQQHOW\SHGRPLQDWHGE\ULIÀHV WKURXJKSHUFHQWRIWKHUHDFKOHQJWK6WRNHUDQG
3HUNLQV6HDWWOH 7KHSRROWRULIÀHUDWLRLVWRDQGSRROVPDNHXSRQO\DERXWSHUFHQW
of the reach length. Although the weirs provide some structure, there is little other instream structure to
store sediment and create pools (Stoker and Perkins 2005). Small wood jams were reported in this area
during habitat surveys performed in 2000, although these small jams probably were highly mobile and
may have been blown out in subsequent storm events. Despite the lack of instream structure, however,
this reach has relatively high-quality habitat compared to other parts of Piper’s Creek, and compared to
other Seattle watercourses.
%RWKDQDGURPRXVDQGUHVLGHQW¿VKXVHWKLVUHDFKDOWKRXJKRQO\DIHZDGXOWFRKRPDNHLWXSVWUHDPRI
the 342-foot culvert that carries the watercourse around the wastewater pumping station (PI02). This
FXOYHUWLVFRQVLGHUHGDIXOOEDUULHUWR¿VKPRYHPHQWXSVWUHDP 0DS ,QDGGLWLRQRWKHUEDUULHUVDUH
located upstream of the treatment plant culvert in segment PI03, mostly boulder weirs that create jumps
in the bed elevation.

Lower Piper’s Creek (PI01)
Downstream of the wastewater
pumping station culvert, Piper’s Creek
ÀRZVZHVWZDUGIHHW SHUFHQW
of the main stem channel length) before
entering Puget Sound. The surrounding
YDOOH\ FRQWLQXHV WR ZLGHQ DQG ÀDWWHQ
At one time this reach probably was
a meandering channel with associated
wetlands, beaver ponds, side channels,
DQG VORXJKV ZLWKLQ D ZLGH ÀRRGSODLQ
valley (Stoker and Perkins 2005;
Seattle 2005).
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Riparian Habitat
The deciduous forest, with the occasional conifer, continues from middle Piper’s Creek into this lower
reach. The trees create a mature, dense canopy that provides the stream with almost full shading.
The area also contains a native understory. The riparian corridor, while having high-quality habitat,
is somewhat affected by lawns and trails on the north side of the stream, downstream of the pumping
station. In these locations, a single band of trees borders the stream, while on the south side the riparian
corridor extends for over 800 feet. This limits the ability of the riparian corridor to contribute to
the stream, and most wood and other structures in the stream throughout this reach have been added
through restoration projects (Map 27).

Instream Habitat
Historically the channel migrated across a valley more than 60 feet in width, compared with an average
DFWLYHZLGWKRIIHHWWRGD\ 6WRNHUDQG3HUNLQV 7KHFKDQQHOLVFXUUHQWO\FRQ¿QHGWRWKHEDVHRI
WKHVRXWKYDOOH\ZDOOGXHERWKWRSDVWUHDOLJQPHQWDQGVWUDLJKWHQLQJDQGWRWKHDGGLWLRQRI¿OOPDWHULDO
in the valley. To reduce channel erosion, bank armoring was added to the lower channel (through 26
percent of the length of the reach). The lower channel is mostly constructed and entrenched.
The habitat in lower Piper’s Creek is considered of high quality because of its diversity (having the
deepest pools in the system) and its abundance of gravel substrates (Maps 23 and 25). Park lawns
encroach within 20 feet on the north side of the channel, although the entire reach is fully shaded
by mature deciduous vegetation on the south bank. The 1 to 2 percent gradient in this reach (Map
 LVORZHQRXJKWRPDLQWDLQDSRROULIÀHFKDQQHOW\SHDOWKRXJKWKHKDELWDWLVGRPLQDWHGE\ULIÀH
KDELWDW SHUFHQW 7KHSRROWRULIÀHUDWLRLVWRORZHUWKDQWKHH[SHFWHGWRUDWLRZLWKSRROV
PDNLQJXSDERXWSHUFHQWRIWKHUHDFKOHQJWK7KHSRROGH¿FLHQF\LVSDUWLDOO\FDXVHGE\SDVWFKDQQHO
straightening, which has reduced the gradient and eliminated the pools that would normally occur at
stream bends (Stoker and Perkins 2005). Most of the pools are associated with constructed wood weirs,
although a few have been formed by debris jams.

/RJGHÁHFWRUVDORQJORZHU3LSHU·V&UHHN SKRWRE\
Bennett)
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The majority of the habitat structures in this reach
are constructed. Log weirs and bank protection
structures were installed from 1998 to 2000 to
UHGXFHFKDQQHOHURVLRQDQGFUHDWHSRROVIRU¿VK
While the installed structures have increased the
habitat diversity, the engineered result presents a
trade-off between functions. The channel now
is both armored and entrenched, preventing it
from widening to accommodate increased stream
ÀRZVDQGIURPUHHVWDEOLVKLQJFRQQHFWLRQZLWKWKH
ÀRRGSODLQ 6WRNHUDQG3HUNLQV 0RUHRYHU
the bank armoring and log weirs require ongoing
maintenance, because the narrow channel
(averaging 15 feet, and rarely exceeding 20 feet)
LVVXEMHFWWRWKHVFRXULQJYHORFLWLHVRIKLJKÀRZ
events.
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This reach provides spawning and rearing habitat for salmonids. Almost all of the available gravel area
in the reach (about 35 percent of the reach, or 800 feet of the total length) is used by spawning chum
and coho salmon in the fall (McMillan 2007). The pools in this area are used by spawning adults for
holding and by juveniles for rearing (Washington Trout 2000; McMillan 2007).
Sand is the dominant substrate at the mouth of Piper’s Creek, and the watercourse is responsible for
introducing that sediment into Puget Sound. As with Fauntleroy Creek, sand supplied to the marine
waters becomes incorporated into the marine ecosystem, feeding nearby beaches. This sediment is
critical to the creation and maintenance of marine shoreline habitats, similar to the role that sediment
plays in creating stream habitat. However, the railway embankment and associated culverts running
between the watercourse and Puget Sound effectively separate these two ecological systems. The
altered connections between the watercourse and the sound likely affect the ability of the watercourse
to move sediment into the marine area to nourish the beach, estuary, and near-shore eelgrass beds near
WKHPRXWKRI3LSHU¶V&UHHN7KHDOWHUHGFRQQHFWLRQVDOVRFRQ¿QHWKHHVWXDULQHDUHDDQGOLPLWWKHTXDOLW\
RIWKDWKDELWDWDVDQXUVHU\IRUVDOPRQLGVÀDW¿VKHVDQGRWKHUPDULQHVSHFLHV

Piper’s Creek Tributaries
Piper’s Creek has 14 tributaries, of which the largest is Venema Creek, with its major tributary,
Mohlendorph Creek. The Venema and Mohlendorph headwaters, located in steep upper ravines, are
fed by ground water seeps and stormwater runoff from the upper plateau. Channel gradients are steep,
averaging 11 percent in upper Venema Creek and 17 percent in upper Mohlendorph Creek (Stoker and
3HUNLQV0DS 0RKOHQGRUSK&UHHNÀRZVIHHWIURPLWVXSSHUH[WHQWWRWKHMXQFWLRQ
with Venema Creek. Venema Creek runs about 2,100 feet from its headwaters to the Mohlendorph
FRQÀXHQFH%HORZWKH9HQHPD±0RKOHQGRUSKMXQFWLRQ9HQHPD&UHHNÀRZVDQRWKHUIHHWEHIRUH
discharging into the lower Piper’s Creek reach (PI01), just downstream of the wastewater pumping
station culvert. The lower reaches of these tributaries decrease in gradient to a range of 3 to 5 percent
(Stoker and Perkins 2005).

Riparian Habitat
Venema Creek and Mohlendorph Creek both contain high-quality riparian habitat. The riparian
corridors, exceeding 100 feet in width, are composed of deciduous trees, as well as coniferous trees to a
lesser extent. The mature trees create a dense canopy that provides a large amount of shading to these
two tributaries. The understory consists of native shrubs and groundcover. The roads and trails create
EUHDNVLQWKHULSDULDQFRUULGRUQHDUWKHFRQÀXHQFHZLWK3LSHU¶V&UHHN7KHXSSHUVHJPHQWVRIWKHWZR
tributaries also are affected by the encroachment of surrounding houses.
The other Piper’s Creek tributaries tend to have wider, dense riparian forests without encroachment by
nearby structures. However, upstream conditions tend to degrade where the tributaries come closer to
developed properties on the plateau above the stream ravine.
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Instream Habitat
Based on stream gradients, coupled with narrow valley walls in the upper ravines, both Venema Creek
DQG0RKOHQGRUSK&UHHNDUHH[SHFWHGWRH[KLELWDIRUFHGSRROULIÀHFKDQQHOW\SHLQWKHLUORZHUVHJPHQWV
(with gradients below 4 percent), and, in the upper segments, step-pools (where gradients are 4 to 8
percent) or cascades (where gradients are above 8 percent). The presence of instream wood debris is
critical to the formation of steps and pools in the channel (Seattle 2005).
'HVSLWH VLPLODU ÀRZ LQFUHDVHV WKH FKDQQHO HURVLRQ LQ 9HQHPD &UHHN LV XQOLNH WKH HURVLRQ SURFHVV
in Mohlendorph Creek and upper Piper’s Creek. The difference in erosion among these parts of the
watercourse is attributed to both geology and instream grade controls (Stoker and Perkins 2005). The
sandy canyon walls in upper Venema Creek are continuing to retreat in response to runoff-related
channel incision and bank failure. Erosion is progressing slower downstream where soils are less
erodible and natural large woody debris jams in middle Venema Creek protect the channel from incision
by trapping sediment (Stoker and Perkins 2005).
Lower Mohlendorph Creek is aggrading and widening in response to upstream erosion, particularly in
its east fork. However, Mohlendorph Creek has fewer erosion problems than either Venema Creek or
the steep tributaries of upper Piper’s Creek, because of its smaller size and erosion-resistant geology,
particularly the glacial till substrate of its uppermost forks. Overall, Venema Creek above Mohlendorph
Creek contributes about 42 percent of the Piper’s Creek sediment supply, and Mohlendorph Creek
contributes only about 10 percent (Barton 2002; Stoker and Perkins 2005).
In general, Venema Creek and Mohlendorph Creek provide moderate instream habitat quality within a
forested riparian corridor that protects the channels from encroachment (Map 25). Both channels have
cobble and gravel substrate in their steeper segments, and the Venema Creek streambed has more sand
in the lower-gradient segments. Past logging has not left enough instream structure to maintain the
SRROULIÀHPRUSKRORJ\LQVHJPHQWVRIWRSHUFHQWJUDGLHQWRUWRPDLQWDLQWKHVWHSSRROPRUSKRORJ\
LQVHJPHQWVRIWRSHUFHQWJUDGLHQW 0DS WRWKHH[WHQWQHFHVVDU\WRGLVVLSDWHKLJKÀRZHQHUJ\
control the stream gradient, and provide diverse habitat. Both channels alternate between long stretches
RIULIÀHKDELWDWDQGVKRUWVWUHWFKHVRIVWHSSRROKDELWDW$QH[FHSWLRQLVLQ9HQHPD&UHHNMXVWXSVWUHDP
RIWKHFRQÀXHQFHZLWK0RKOHQGRUSK&UHHNZKLFKFRQWDLQVWZRODUJHYDOOH\VSDQQLQJORJMDPV7KHUH
is a large depositional area upstream of the logjams, where the channel meanders across a narrow
ÀRRGSODLQZLWKODUJHJUDYHOEDUVDQGVRPHVLGHFKDQQHOV
The lowest section of Venema Creek has a lower gradient (3 percent) and is a largely constructed
channel dominated by armored banks (through 75 percent of the reach length). The lowest section is
GRPLQDWHGE\ULIÀHKDELWDW WKURXJKSHUFHQWRIWKHUHDFKOHQJWK ZLWKVHYHUDOVWHSSRROV WKURXJK
percent of the reach length) forced by constructed weirs (Map 23). Gravel areas are often dominated
by intermixed sands. The armoring and weirs have largely succeeded in stabilizing the channel from
incising and eroding banks; however, as in lower Piper’s Creek, this has implications for the stream’s
DELOLW\WRIXQFWLRQ7KHFKDQQHOLVXQDEOHWRZLGHQDQGUHFRQQHFWZLWKLWVÀRRGSODLQWRDFFRPPRGDWH
the increased runoff, and the control structures require ongoing maintenance in response to the erosive
DFWLRQRIKLJKÀRZV
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Both Venema Creek and Mohlendorph Creek support
salmonids, and both have resident adult and juvenile
cutthroat trout documented in upper segments of the
channel (Washington Trout 2000). Juvenile trout
ZHUHIRXQGXSWRWKHFRQÀXHQFHRIWKHHDVWDQGZHVW
forks in Mohlendorph Creek. Adult cutthroat were
recorded 2,300 feet upstream of the mouth of Venema
Creek. Salmon spawning probably is limited more by
FKDQQHOVL]HDQGÀRZWKDQE\¿VKSDVVDJHEDUULHUV
A few coho and chum salmon spawn in the lower
reaches of Venema Creek during most years, but they
spawn in the lower reaches of Mohlendorph Creek
RQO\GXULQJKLJKHUÀRZ\HDUV 0F0LOODQ 
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Piper’s Creek (photo by Bennett)

The remaining 13 Piper’s Creek tributaries have not been intensively surveyed or rated for their habitat
TXDOLW\ 7KHVH WULEXWDULHV DUH WRR VWHHS WR EH ¿VKEHDULQJ UDQJLQJ IURP  WR  SHUFHQW LQ FKDQQHO
gradient, except for short sections immediately upstream of their mouths (Map 21). All of the steep
tributaries in the upper Piper’s Creek watershed, with the exception of Becker’s Pond tributary with its
valley-spanning dam, lack effective structures to provide grade control and dissipate energy from the
increased storm runoff. Channel downcutting through easily eroded sand has oversteepened the banks
and valley walls, increasing channel erosion and landslides. The steep tributaries of Piper’s Creek
were formerly a major source of sediment (mostly sand), but this has been greatly reduced by piping
stormwater outfalls all the way to the valley bottom. However, erosion rates remain high in many of the
steep tributaries, because ground water seepage still causes landslides and channel erosion.

Use by Fish and Benthic Invertebrates

Fish Access
Historically, coho salmon and both resident and sea-run cutthroat trout inhabited Piper’s Creek (Trotter
2002). There is no historical record of chum salmon using Piper’s Creek (Trotter 2002). Since 1927,
no salmon were seen spawning in Piper’s Creek until 1987, when adult chum salmon were seen in the
VWUHDPSUHVXPDEO\RULJLQDWLQJIURPKDWFKHU\UHOHDVHVLQSUHYLRXV\HDUV7RGD\WKH¿VKFRPPXQLW\LQ
Piper’s Creek includes resident and sea-run cutthroat trout, rainbow trout, chum and coho salmon, and
four species of sculpin (Pfeifer 1984; Thomas 1992; Washington Trout 2000; Lantz et al. 2006).
Today, adult coho and chum salmon use the watercourse for spawning. Based on carcass counts from
 WKURXJK  XVH RI 3LSHU¶V &UHHN E\ DGXOW FRKR UDQJHV EHWZHHQ ¿YH DQG  ¿VK DQQXDOO\
(Table 33). Carcass counts represent a minimum level of use; the actual spawning numbers are higher
(McMillan 2007). These coho are a mixture of wild and hatchery salmon, which either were released
as fry or strayed during their return to their natal hatcheries. There was a long absence of coho from
Piper’s Creek, from 1927 to 1987, and the origin of the wild portion of the coho returns could represent
either strays from other nearby watercourses or the repercussions of juvenile coho releases between
1980 and 1983 (Trotter 2002).
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7DEOH3LSHU¶V&UHHNVDOPRQVSDZQLQJVXUYH\UHVXOWVEDVHGRQFDUFDVVDQGUHGGFRXQWV

Year
1999
2000
2001
2002
2003
2004
2005

Chinook a
Carcasses
Redds
–
–
–
–
–
–
–

–
–
–
–
–
–
–

Coho
Carcasses
Redds
15
28
122
37
5
9
45

0
36
45
12
6
14
19

Sockeye b
Carcasses
Redds
–
–
–
–
–
–
–

–
–
–
–
–
–
–

Chum
Carcasses
Redds
16
16
142
398
202
87
113

8
18
91
85
102
38
60

a
b

Chinook do not use Piper’s Creek, as the stream is too small to allow for spawning activities.
Sockeye salmon are not expected to use the stream, as they need a lake environment for rearing.
Sources: McMillan (2005); SPU unpublished data. Values in table are averaged between the two data sources.

$GXOWFKXPVDOPRQQXPEHUVUDQJHGEHWZHHQDQG¿VKSHU\HDU 7DEOH &KXPZHUHQRWLQ
the watercourse historically, probably because of the small size of the watercourse and the relatively
large size of chum salmon. However, community and school groups release thousands of juvenile
hatchery chum salmon into Venema Creek each spring. Over 35,000 chum fry have been released in
recent years.
Spawning use of the Piper’s Creek watershed is limited by both natural and manmade features. Many of
the smaller tributaries, as well as the upper reaches of the main stem and larger tributaries, are naturally
too steep and narrow to provide appropriate habitat for salmon (e.g., above the twin pipes outfall, and
the upper segments of Venema and Mohlendorph). Smaller resident and migratory trout may be able to
use these upstream areas because they can navigate smaller streams and steeper stream gradients.
0DQPDGH ¿VK SDVVDJH EDUULHUV KDYH OLPLWHG ¿VK DFFHVV LQ 3LSHU¶V &UHHN  5HVLGHQW WURXW DUH IRXQG
throughout Piper’s Creek and Venema Creek (Washington Trout 2000; McMillan 2007; Lantz et al.
 7KHFXOYHUWDW1:UG6WUHHW &DPHO¶V+XPS DSSHDUVWREHDEDUULHUWRUHVLGHQW¿VKHVLQXSSHU
Piper’s Creek. Barriers may also limit the mobility of resident trout within the watercourse. Upstream
migration of anadromous salmon is blocked at the culvert and the adjacent bypass pipe next to the
wastewater pumping station. An occasional adult coho makes it upstream of these structures, although
only 400 feet of watercourse habitat is available before the next barrier is encountered (McMillan
 ,QWRWDO¿VKSDVVDJHEDUULHUVSUREDEO\UHGXFHSRWHQWLDOUHVLGHQW¿VKKDELWDWE\DERXWSHUFHQW
DQGUHGXFHSRWHQWLDODQDGURPRXV¿VKKDELWDWE\SHUFHQW
Piper’s Creek has not been monitored for smolt out-migration, unlike Longfellow Creek, Thornton Creek,
and Fauntleroy Creek. Even without this information, there are concerns that redd superimposition and
coho prespawn mortality may affect juvenile salmon production in the watercourse. Salmon redds
have been distributed fairly evenly over the entire length of lower Piper’s Creek (Map 26). Adult
chum salmon arrive approximately one month after the coho arrive and tend to use exactly the same
spawning locations. The amount of spawning habitat, number of adult salmon, and small amount of
habitat accessible may contribute to redd superimposition, where digging for new redds dislodges eggs
deposited during previous spawning, resulting in mortality. Because chum salmon are more abundant
than coho in Piper’s Creek, redd superimposition has a greater potential of reducing coho production in
3LSHU¶V&UHHNWKDQLQ6HDWWOH¶VRWKHU¿VKEHDULQJXUEDQZDWHUFRXUVHV
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Coho prespawn mortality, a condition in which adult salmon die after they enter the stream but before
they are able to spawn, averages about 58 percent in Piper’s Creek, an intermediate value compared to
other monitored Seattle watercourses. Piper’s Creek also exhibits the most variable prespawn mortality
rate in Seattle watercourses, ranging from 18 to 100 percent (Table 34). Chum salmon are also affected,
although their mortality rate is only 2 to 4 percent (McMillan 2007). The causes of prespawn mortality
are still under investigation.
7DEOH3LSHU¶V&UHHNFRKRIHPDOHSUHVSDZQPRUWDOLW\

Year

Number of
Spawned
Females

Number of
Unspawned
Females

Number of
Unknown
Spawning
Condition

Total
Number of
Female
Carcasses

Total Number of
Females of Known
Spawning
Condition

PSM
(%)

1999
2000
2001
2002
2003
2004
2005
Totals

0
14
13
4
1
2
1
35

4
3
32
6
0
1
3
49

0
1
25
8
0
1
11
46

4
18
70
18
1
4
15
130

4
17
45
10
1
3
4
84

100
18
71
60
–
–
75
58

Sources: McMillan (2005); SPU unpublished data. Values in table are averaged between the two data sources.
PSM = prespawn mortality.

Benthic Invertebrates
Benthic index (B-IBI) data have been collected at seven sites in the
Benthic index scores:
Piper’s Creek watershed since 1996. Overall, index scores for the system
10–16
very poor
UDQJHIURPWR LHYHU\SRRUWRIDLU DQGVFRUHVYDU\VLJQL¿FDQWO\
18–26
poor
among different parts of Piper’s Creek and its major tributaries
28–36
fair
(Table 35). Lower Piper’s Creek had the lowest average score (14.8,
38–44
good
46–50
excellent
very poor). No intolerant individuals were found, and the percentage
of dominant taxa was quite high (68 to 96 percent of each sample was
dominated by three taxa or fewer), indicating low species diversity (see Appendix C). For example,
PRVWRIWKHVDPSOHLQORZHU3LSHU¶V&UHHNLQZDVFRPSRVHGRIEODFNÀ\ODUYDDQGPLGJHVERWK
pollution-tolerant species.
Upper Piper’s Creek was sampled both downstream and upstream of the twin pipes stormwater outfall
and exhibited a benthic index range of 10 to 26 and an average score of 18.5. The site upstream of
the twin pipes (sampled once for a score of 26) had higher species diversity, with more predatory
VSHFLHVPD\ÀLHVVWRQHÀLHVDQGFDGGLVÀLHVWKDQDOORWKHUGRZQVWUHDPVLWHVLQGLFDWLQJEHWWHUKDELWDW
conditions. The site downstream of the twin pipes had an average score of 16 over 3 years, representing
DPDFURLQYHUWHEUDWHFRPPXQLW\WKDWLVVHYHUHO\GHJUDGHG7KLVFRPPXQLW\DSSHDUVWREHLQÀXHQFHGE\
KLJKVWUHDPÀRZVDQGGHJUDGHGZDWHUTXDOLW\IURPWKHWZLQSLSHVRXWIDOO
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7DEOH3LSHU¶V&UHHNDYHUDJHEHQWKLFLQGH[VFRUHV

Reach

Site ID

Collection Sites

Years Sampled

PI01
PI01a
PI01

PI05
PI04
PI01

Piper’s main stem near mouth
Piper’s main stem U/S of K-weirs
D/S Piper’s/Venema confluence

PI03
PI04

PI03
PI02

Upper Piper’s D/S of twin pipes
Upper Piper’s U/S of twin pipes

1999–2001
1999–2000
1996, 1998–2001, 2003, 2005
Average for lower Piper’s
1999–2001, 2003, 2005
1999–2001, 2003, 2005
Average for upper Piper’s
1996, 1998–2001, 2003, 2005
1998, 2005
Average for Venema
Average for System

a

PI01.VE01 PV01
PI01.VE02 PV02

Venema D/S Carkeek Park Rd
Venema near Mohlendorph

Average
B-IBI
Score

Range

12.7
12
18
15.5
17
25
19.7
24.4
23
24
19

10–16
12
12–24
10–24
10–22
24–26
10–26
22–30
22–24
22–30
10–30

a

Discontinued sample sites. U/S = upstream, D/S = downstream.
Most samples had low counts; samples were included if they contained >335 individuals.
Source: SPU benthic index of biotic integrity data 1994–2004.

Venema Creek had an average benthic index score of 24 (in a
range of 22 to 30), comparable to conditions above the twin
SLSHVVWRUPZDWHURXWIDOODQGVLJQL¿FDQWO\KLJKHUWKDQWKHVFRUHV
in lower Piper’s Creek and downstream of the twin pipes. The
scores for Venema Creek represent higher overall numbers of
VWRQHÀLHVDQGFOLQJHUVDQGJUHDWHUVSHFLHVGLYHUVLW\WKDQWKRVH
found on the main stem of Piper’s Creek. However, abundance
was typically low in the samples. The samples also contained
more degradation-tolerant midges and a degradation-tolerant
VWRQHÀ\ WKHFRPPRQIRUHVWÀ\Zapada cinctipes).

The number of individuals
collected in an invertebrate
VDPSOHLQÀXHQFHVWKHQXPEHURI
taxa counted because the more
individuals collected, the higher
probability of detecting a new
WD[RQ7RDFFXUDWHO\PHDVXUH
taxa richness, a 400-count
VDPSOHLVSUHIHUUHG

The benthic community in the Piper’s Creek watershed overall is dominated by species that tolerate
degraded conditions. Venema Creek and upper Piper’s Creek above the twin pipes outfall scored
VLJQL¿FDQWO\ KLJKHU WKDQ WKH UHPDLQGHU RI WKH ZDWHUFRXUVH DOWKRXJK QRQH RI WKH EHQWKLF VDPSOLQJ
sites in the watershed attained average index scores above the poor category. Reduced riparian and
LQVWUHDPKDELWDWFRPSOH[LW\GHJUDGHGZDWHUTXDOLW\FRQGLWLRQVDQGKLJKÀRZVOLNHO\FRQWULEXWHWRWKH
low benthic index scores.
In addition, the steep gradients of its many tributaries and its easily eroded sediments make Piper’s
&UHHN HVSHFLDOO\ SURQH WR GHSRVLWLRQ RI ¿QH VHGLPHQWV WKDW UHGXFH WKH SURGXFWLYLW\ RI WKH EHQWKLF
community in the watercourse. Due to the high frequency of landslides and bank erosion, the benthic
FRPPXQLW\PD\QRWKDYHVXI¿FLHQWWLPHWRUHFRYHULWVQXPEHUVEHIRUHDQRWKHUGLVWXUEDQFHRFFXUV$V
with other watercourses in Seattle, while instream conditions in Piper’s Creek may have improved in
recent years and may be capable of supporting additional benthic species, there are concerns about the
ability of other (desirable) invertebrate species to migrate to and recolonize Piper’s Creek, given the
general lack of healthy benthic communities in and around Seattle-area watercourses.
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Taylor Creek Key Findings
Similar to Fauntleroy Creek and Piper’s Creek, Taylor Creek contains high-quality areas within
protected park lands, with lower-quality habitat in residential areas (Figure 24). Several characteristics
in the Taylor Creek watercourse are critical to its relatively good physical and biological conditions:

 Flows are moderated by the west fork wetland, which stores water during storm events and controls
its release to downstream areas.



Erosion-resistant sediments characterize the streambed through Lakeridge Park, providing the
foundation for relatively stable channel conditions compared with other Seattle watercourses that
contain erosion-prone substrates.

 *RRGÀRRGSODLQFRQQHFWLRQVLQVWUHDPVWUXFWXUHDQGULSDULDQIRUHVW in Lakeridge Park help to
DFFRPPRGDWH LQFUHDVHG ÀRZV DQG ORFDO ODQGVOLGHV VWRUH VHGLPHQW VWDELOL]H VWUHDP EDQNV DQG
create instream diversity.
Taylor Creek also has areas where its ability to function are seriously impaired:

 Altered hydrology induced by upland plateau development has increased the 2-year storm event
UXQRII¿YHIROGRYHUSUHGHYHORSPHQWFRQGLWLRQVGHVSLWHWKHÀRZFRQWUROEHQH¿WVSURYLGHGE\WKH
ZHVWIRUNZHWODQG+LJKDQGÀDVK\ÀRZVFDXVHVWUHDPEHGDQGEDQNHURVLRQDORQJZLWKÀRRGLQJ
within the lowest portions of the watercourse.

 Fish passage barriers near Rainier Avenue South prevent migratory salmon from using about
93 percent of the potential habitat within the watercourse, including high-quality habitat within
Lakeridge Park.

 Floodplain connections and riparian forest are lacking downstream of Lakeridge Park.

These
FRQGLWLRQVSUHYHQWWKHVWUHDPIURPIRUPLQJGLYHUVHKDELWDWRUDFFRPPRGDWLQJKLJKÀRZHYHQWV
ZKLFKRIWHQUHVXOWLQÀRRGLQJRQDGMDFHQWUHVLGHQWLDOSURSHUWLHVGXULQJVWRUPHYHQWV

 Benthic index of biotic integrity (B-IBI) scores indicate poor conditions (averaging 19 and ranging
from 10 to 22), despite good habitat conditions within Lakeridge Park.



Low benthic index scores VXJJHVW WKDW ZDWHU TXDOLW\ SK\VLFDO KDELWDW RU LQVWUHDP ÀRZV PD\
be contributing to degraded benthic communities, despite relatively good riparian and instream
habitat conditions.

No water quality data are available for this watercourse.
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The Taylor Creek Watershed

Taylor Creek (photo by Bennett)

Taylor Creek is located in the southeastern corner of Seattle and originates
in the Skyway area of unincorporated
King County.
The watershed is
relatively small, covering an area of 627
acres, or 1 square mile. The watercourse
is approximately 2.7 miles in length,
with 3,800 feet (0.7 miles) in the main
stem and over 10,400 feet (2 miles)
in tributaries divided almost equally
between two forks.

Similar to Fauntleroy Creek and Piper’s Creek, the Taylor Creek watershed has three distinct zones: a
UROOLQJXSODQGSODWHDXDVWHHSIRUHVWHGUDYLQHORFDWHGZLWKLQDSDUNDQGDUHODWLYHO\ÀDWORZHUSODLQ
The west and east forks of Taylor Creek originate on the upland plateau, then increase in gradient as
WKH\ÀRZWRWKHLUMXQFWLRQLQ/DNHULGJH3DUN ZKLFKFRQWDLQVPRVWRI'HDG+RUVH&DQ\RQ 7KHPDLQ
stem of Taylor Creek runs through Lakeridge Park before emerging into a low-gradient residential area
and discharging to Lake Washington. Below Rainier Avenue South, the watercourse crosses the former
Lake Washington lake bed (which was under water before the lake level was lowered with construction
of the Lake Washington Ship Canal) and terminates at a small delta at the current lake edge.
The underlying geology of the Taylor Creek watershed is dominated by dense, erosion-resistant soils,
which are important in controlling the condition of the stream (Stoker and Perkins 2005). The upland
SODWHDXLVXQGHUODLQE\VLOWFOD\VDQGDQGJUDYHOPL[WXUHVZLWKORZSHUPHDELOLW\DQGORZLQ¿OWUDWLRQ
capacity, which can cause rapid surface water runoff and erosion where surface soils have been removed
(Troost et al. 2003). However, these sediments and a portion of the deposits within the stream ravine
tend to be hard and dense, and therefore fairly resistant to erosive forces. The stream ravine also
contains some valley wall deposits that are susceptible to landslides, which are an important source of
sand and gravel deposited as alluvium in the stream channel (Stoker and Perkins 2005).
During the late 1800s and early 1900s, the forested watershed of Taylor Creek was a key location of
timber harvest, supporting a lumber mill near the stream mouth during that time. A small community
developed near the mill to house the workers and loggers (Trotter 2002). Development near the stream
mouth continued during the 1940s and expanded into other areas of the watershed, particularly those
areas draining to the east fork of the stream. Areas draining to the west fork developed primarily
between 1940 and 1970, although some areas are still being developed today. These development
patterns have been dominated by residential land uses (greater than 50 percent; Figure 25, Map 28).
Nonresidential land in the basin consists mostly of park or vacant lands (21 percent), or transportation
and utility uses (18 percent roads, parking, and rights-of-way). Only a small area of the watershed
contains commercial and industrial land uses (8 percent). Nearly three-fourths of the watercourse
channel length is located within vacant land, park land, or preserved lands.
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Based on the land use composition in the watershed,
it is estimated that 48 percent of the Taylor Creek
watershed is covered by concrete, asphalt, and other
impervious surfaces. These impervious surfaces
OLPLW VWRUPZDWHU LQ¿OWUDWLRQ DQG W\SLFDOO\ UHVXOW
in larger amounts of surface water runoff to the
watercourse or the formal storm drainage system.
Within the areas drained by the formal drainage
system in the Taylor Creek watershed, there is 58
percent coverage by impervious surfaces. The east
fork of the watercourse contains the highest amount
of impervious surfaces (66 percent).

Figure 25. Land uses in the Taylor
Creek watershed.

In areas with formal drainage systems, stormwater
runoff enters a pipe or ditch and is quickly carried
to a watercourse, causing large amounts of water
to be discharged to the watercourse over a short
WLPHSHULRG

Watershed-Scale Conditions

Taylor Creek Hydrology
7D\ORU &UHHN ZKLFK ÀRZV \HDUURXQG KDV D OLPLWHG SHULRG RI
A 2-year storm event occurs
UHFRUGIRUÀRZGDWDIURP)HEUXDU\WR'HFHPEHU
every 2 years on average,
)LJXUH   7KH PHDQ GDLO\ ÀRZ RYHU WKH SHULRG RI UHFRUG ZDV
or has a 50% chance of
0.65 cubic feet per second (cfs), measured at the gauge near the
RFFXUULQJDQ\JLYHQ\HDU
PRXWKRI7D\ORU&UHHN7KHSHDNÀRZRYHUWKLVSHULRGZDV
FIV PLQXWHSHDNÀRZ FIV PHDQGDLO\SHDNÀRZ WKHGD\ORZÀRZZDVFIV0RGHO
based peak discharge estimates for the mouth of Taylor Creek range from roughly 100 cfs for the 2-year
storm event, to 130 cfs for the 25-year storm event, to over 200 cfs for the 100-year storm event. (The
.LQJ&RXQW\5XQRII7LPH6HULHV>.&576@K\GURORJLFPRGHOZDVXVHGZLWKORZFRQ¿GHQFHLQUHVXOWV
GXHWRWKHODFNRIÀRZGDWD>.LQJ&RXQW\+DUWOH\DQG*UHYH@
Urban development in the Taylor Creek watershed has altered the timing and quantity of stormwater
runoff; modeling results indicate that the magnitude of the 2-year storm event runoff has increased
DSSUR[LPDWHO\¿YHIROGFRPSDUHGWRSUHGHYHORSPHQWFRQGLWLRQV +DUWOH\DQG*UHYH 
Taylor Creek receives stormwater from 21 storm drains (6.7 outfalls per watercourse mile). Stormwater
runoff predictions show that the upland plateau area of the watershed, which delivers water to the
HDVWDQGZHVWIRUNVRI7D\ORU&UHHNKDVWKHKLJKHVWSRWHQWLDOWRFRQWULEXWHODUJHVWRUPÀRZVWRWKH
watercourse quickly (Map 31 in the map folio accompanying this report). The west fork wetland
receives water from eight subcatchments, two of which are relatively large (60 to 90 acres). The
east fork receives water from ten outfalls, two of which drain subcatchments exceeding 30 acres. No
FRPELQHGVHZHURYHUÀRZRXWIDOOVGLVFKDUJHWRWKHZDWHUFRXUVH
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)LJXUH7D\ORU&UHHNPHDQGDLO\VWUHDPÀRZIURP)HEUXDU\WR'HFHPEHU
measured near the mouth.
The low permeability of the deposits underlying the upland plateau, coupled with the large size of the
plateau subcatchments (averaging collectively over 20 acres) compared to those in the lower watershed
(with an average size of 5 acres), are expected to produce greater stormwater runoff than areas lower in the
watershed. However, because the subcatchment sizes overall are relatively small compared to other Seattle
ZDWHUVKHGVÀRZVDUHH[SHFWHGWRH[KLELWVLJQL¿FDQWLQFUHDVHVRQO\DWWKHFRQÀXHQFHRIWKHHDVWDQGZHVW
IRUNV  'RZQVWUHDP FKDQQHO FRQGLWLRQV VXJJHVW WKDW LQFUHDVHV LQ VWUHDP ÀRZV IURP ZHVW IRUN ZDWHUVKHG
development are mitigated, at least in part, by the west fork wetland located just upstream of Renton Avenue
South (Stoker and Perkins 2005). Future development is expected within this watershed, and development
LPSDFWVDUHSURMHFWHGWRLQFUHDVHVWRUPZDWHUUXQRIISHDNÀRZVE\DERXWSHUFHQW .LQJ&RXQW\ 
Taylor Creek Water Quality
Water and sediment quality in Taylor Creek have not been characterized. However, given the urbanized
conditions in the watershed, Taylor Creek water quality is expected to be comparable to conditions in
other urban watercourses in Seattle. The Taylor Creek watershed is similar to Piper’s Creek, with a
largely developed upper portion and a protected natural stream channel at the downstream end of the
system. Therefore, Taylor Creek water quality conditions are expected to be most similar to those in
Piper’s Creek, rather than Longfellow Creek or Thornton Creek. Based on this assumption, water
quality conditions in the watercourse are expected to be fairly good, with the exception of fecal coliform
bacteria levels. Because of the dense urban development in the upper watershed, the watercourse likely
KDVHOHYDWHGOHYHOVRIIHFDOFROLIRUPEDFWHULDSDUWLFXODUO\GXULQJVWRUPÀRZFRQGLWLRQV2YHUDOOWKHUH
LVLQVXI¿FLHQWLQIRUPDWLRQWRLGHQWLI\ZDWHURUVHGLPHQWTXDOLW\SUREOHPV
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Stream-Scale Conditions
The topography of the Taylor Creek watershed is dominated by ravines that extend over a mile into
the upland plateau. The stream has been gradually cutting into the plateau ever since the last glacier
retreated 10,000 years ago. Prior to human disturbance, erosion rates were probably somewhat high
as the stream cut into glacially deposited sediments and landslides widened the steep ravine walls.
However, today the gravel supply is somewhat moderated by the erosion-resistant glacial deposits in the
watershed (Stoker and Perkins 2005). These erosion-resistant deposits, which are highly consolidated
and contain very little sand, are responsible for the relative stability in the Taylor Creek watercourse,
contrasting greatly with conditions found in the Piper’s Creek and Fauntleroy Creek watersheds.
Today, the upper east fork valley and middle walls of the main canyon are primary sources of sand and
gravel. Landslides provide the largest amount of sediment to the watercourse, with other sediments
introduced through erosion of the streambed (Perkins GeoSciences 2007). The main canyon represents
the steepest portions of the channel (between 4 and 8 percent gradient), while the upper portions of
the east and west forks and the main stem near the mouth have lower gradients, below 4 percent
(Map 30).
For this discussion, the watercourse is divided into four
reaches, with varying gradient, channel conditions, and
habitat. Watercourse codes, shown on the watercourse maps,
consist of two letters of the watercourse name (TA for Taylor)
and the number of the stream segment, starting with 01 at the
mouth and increasing in the upstream direction:

Watercourses are divided into
reaches, reaches are divided into
segments, and segments are divided
LQWRVHFWLRQV

 East fork of Taylor Creek (TA05.EF03–TA05.EF01)
 West fork of Taylor Creek (TA05.WF03–TA05.WF01)
 Taylor Creek Canyon (TA05–TA03)
 Lower Taylor Creek (TA02–TA01).
East Fork of Taylor Creek (TA05.EF03–TA05.EF01)
The headwaters of the east fork of Taylor Creek are located on an upland plateau in Skyway Park (in
XQLQFRUSRUDWHG.LQJ&RXQW\ 7KHHDVWIRUNÀRZVIRUIHHWRUSHUFHQWRIWKHWRWDOZDWHUFRXUVH
OHQJWKEHIRUHFRQYHUJLQJZLWKWKHZHVWIRUNLQ/DNHULGJH3DUN+LVWRULFDOO\WKLVUHODWLYHO\ÀDWDUHD
FRQWDLQHG D VHULHV RI IRUHVWHG ZHWODQGV WKDW VWRUHG DQG ¿OWHUHG ZDWHU EHIRUH FRQWUROOLQJ LWV UHOHDVH
GRZQVWUHDP7KHVHFRQGLWLRQVUHJXODWHGWKHÀRZWHPSHUDWXUHDQGQXWULHQWVGHOLYHUHGWRGRZQVWUHDP
DUHDV 6HDWWOH 7RGD\ZHWODQGVRQWKHXSSHUSODWHDXKDYHEHHQUHSODFHGE\¿OOWKDWLVGUDLQHG
by a mostly piped watercourse section, and the open stream channel suffers from channel erosion and
a lack of structure.
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While the east fork upstream of Lakeridge Park has not been well surveyed, a 1999 stream typing survey
reported potentially good habitat in the valley, extending to South 116th Street (Washington Trout
2000). Houses are sited along the top edges of ravines and do not physically encroach on the ravine
(Map 33). The forested riparian corridor provides canopy cover and brushy undergrowth, although
much of the understory is dominated by nonnative species such as Himalayan blackberry and English
ivy (Map 32).
Seattle Public Utilities (SPU) detailed habitat data on the east fork begin in the lower 500 feet of the
HDVWIRUNLQ/DNHULGJH3DUNHQGLQJDWWKHFRQÀXHQFHZLWKWKHZHVWIRUN 7$() 7KDWIRRW
segment is the focus of this discussion.

Riparian Habitat
The riparian corridor in the lower 500 feet of the Taylor Creek east fork has formed around the steep
ravine surrounding the channel. The riparian community is dominated by a mixture of deciduous and
coniferous forest that provides moderately dense canopy cover to the stream. Much of the understory
is dominated by nonnative plants, particularly Himalayan blackberry and English ivy. Residential
development is located on the plateau above the steep ravine, at least 100 feet from the stream. However,
even with the lack of encroachment, the overall riparian quality is moderate (Maps 32 and 34).

Instream Habitat
Historically, this segment of the east fork of Taylor Creek provided steps and pools where wood debris
and boulders trapped and stored sediment and created diverse stream habitat. Today this segment is a
combination of plane-bed and step-pool channel types with gradients exceeding 8 percent. The valley
QDUURZVLQWKLVVHJPHQWZKHUHWKHFKDQQHOLVPRGHUDWHO\FRQ¿QHGE\WKHULVLQJFDQ\RQZDOOV 0DS 
A culvert, 147 feet in length, divides this segment into two sections. The watercourse just above the
culvert inlet is wide, having been disturbed by dredging of the gravel deposits. Above the culvert, the
stream gradient increases to form step-pool and then cascade channel types (Map 31). The average
DFWLYHFKDQQHOZLGWKUDQJHVEHWZHHQDQGIHHWZLWKVPDOOSRFNHWÀRRGSODLQVXVHGGXULQJKLJK
ÀRZHYHQWV7KHDUHDVKRZVVRPHSUHYLRXVFKDQQHOHURVLRQZKLFKDSSHDUVWRKDYHEHHQDOOHYLDWHGE\
placement of logs and concrete slabs as bed stabilization measures. The valley walls in this section and
upstream are sources of stream sediment (i.e., sand and gravel), although no major landslides have been
reported since the 1980s. Upstream of the surveyed segment, the channel appears to be entrenched,
with a plane-bed channel type and eroding banks.
+LJKÀRZVKDYHFUHDWHGDE\SDVVFKDQQHOWKDWFRQYH\VEDFNZDWHUDQGVWRUPÀRZVDURXQGWKHFXOYHUW
Downstream of the culvert, the channel has been disturbed substantially by the effects of the culvert
bypass channel, a stormwater outfall, a former wastewater line that runs down the streambed, and
erosion of streambed and banks caused by the culvert discharge (Stoker and Perkins 2005). These
LQÀXHQFHVKDYHFDXVHGWKHFKDQQHOWRLQFLVHSURPSWLQJVHYHUHEDQNHURVLRQWKDWGHOLYHUVPRVWO\VLOW
and sand to the stream. Due to channel incision, the stream does not maintain connections with the
VXUURXQGLQJÀRRGSODLQ2YHUDOOWKHHDVWIRUNLVSUREDEO\WKHODUJHVWVRXUFHRIVHGLPHQWLQSXWWR7D\ORU
Creek, originating from landslides and erosion of the streambed and banks (Stoker and Perkins 2005).
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The overall habitat quality of the surveyed 500-foot segment of the east fork reach is moderate
0DS $OWKRXJKWKHVWUHDPVXIIHUVIURPLQFLVLRQDQGHURVLRQWKHUHDUHEHQH¿FLDOFKDUDFWHULVWLFVRIWKH
LQVWUHDPKDELWDWHQFURDFKPHQWOHYHODQGULSDULDQTXDOLW\7KHRSHQFKDQQHOFRQWDLQVSHUFHQWULIÀHDQG
SHUFHQWSRROKDELWDWVZLWKWKHSRROWRULIÀHUDWLRDSSURDFKLQJWR DWRUDWLRLVLGHDO0DS 
West Fork of Taylor Creek (TA05.WF03–TA05.WF01)

Taylor Creek (photo by Bennett)

The west fork of Taylor Creek is 4,670 feet in length,
RU  PLOHV IURP WKH KHDGZDWHUV WR WKH FRQÀXHQFH
with the east fork, constituting 30 percent of the
total watercourse length. The west fork also has one
branched tributary that is 1,370 feet in length. The
spring-fed headwaters of the west fork originate in
Seattle but pass into unincorporated King County
EHIRUH ÀRZLQJ EDFN LQVLGH WKH FLW\ OLPLWV 7KH ZHVW
fork is similar to the east fork in originating on the
upland plateau, where historically it was contained in
forested wetlands that detained and controlled stream
ÀRZV ZDWHU WHPSHUDWXUHV DQG QXWULHQWV  ,Q FRQWUDVW
to the east fork, the west fork has retained a large
wetland area upstream of where the channel increases
in gradient and enters Lakeridge Park.

Riparian Habitat
The west fork is dominated by a forested and shrub wetland of about 12 acres located at the junction
of the west fork with its tributary, just upstream of Renton Avenue South. The wetland is surrounded
by deciduous and coniferous trees that contribute woody debris to the wetland and the stream channel
(Kidder 2003). The wetland and stream are well-shaded by the tree canopy, although pockets of
Himalayan blackberry dominate the understory along Renton Avenue South (Maps 32 and 34).
Encroachment by roads, buildings, and other structures is relatively low in the wetland area, where
most of the structures are located more than 100 feet from the stream (Map 33). Planned development
on the wetland’s tributary could affect the hydrology and habitat quality of the west fork wetland.
Within Dead Horse Canyon, downstream of Renton Avenue South, the riparian conditions are mixed.
The upstream portion of this segment, immediately downstream of Renton Avenue South, is dominated
by nonnative species and landscaping; however, the mixed, mostly deciduous canopy provides some
cover and contributes woody debris to the stream. The riparian habitat in this section is considered
of moderate quality. Residences line the stream ravine, typically at least 75 feet from the stream
(Map 33).
Closer to the junction with the east fork, the west fork riparian corridor improves in habitat quality. The
corridor contains deciduous and coniferous forest and a mostly native understory (Map 32). The mixed
tree canopy provides full stream cover and contributes woody debris to the stream channel. Houses
and roads are located at least 100 feet from the stream through this segment, and in some sections the
riparian forest extends more than 200 feet before reaching residential neighborhoods.
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Instream Habitat
The 4,670 feet of the Taylor Creek west fork channel contains the only sand-bedded section in Taylor
&UHHN DQG UHSUHVHQWV WKH ODUJHVW UHPDLQLQJ KHDGZDWHU ZHWODQG LQ WKH ¿YH PDMRU 6HDWWOH ZDWHUVKHGV
(Seattle 2005; Stoker and Perkins 2005). The west fork wetland plays an important role in regulating
GRZQVWUHDPÀRZDQGVHGLPHQWWUDQVSRUWE\SURYLGLQJGHWHQWLRQDQGVWRUDJHRIKLJKÀRZVDQGVHGLPHQWV
(Stoker and Perkins 2005). The wetland also provides high-quality habitat, and the channel in this
area is stable and unentrenched (i.e., banks are less than one foot high), with good connection to the
ÀRRGSODLQ 6WRNHUDQG3HUNLQV 
'RZQVWUHDPRI5HQWRQ$YHQXH6RXWKÀRZIURPWKHZHVWIRUNHQWHUV'HDG+RUVH&DQ\RQZKHUHWKH
gradient increases, promoting a step-pool channel (TA05.WF02–TA05.WF01). Due to the high gradient
ranging from 3 to 8 percent, this segment acts as a transport reach for sediment (Stoker and Perkins
2005; Seattle 2005). Boulders, large woody debris, and wood jams at the upstream and downstream
SRUWLRQVRIWKLVVHJPHQWSURYLGHSRROV SHUFHQW LQWHUVSHUVHGZLWKULIÀHKDELWDW SHUFHQW SURYLGLQJ
instream complexity and stabilizing the channel (Map 32). The channel also maintains connections
ZLWKDQDUURZÀRRGSODLQ 6WRNHUDQG3HUNLQV $VDUHVXOWWKHLQVWUHDPKDELWDWTXDOLW\LQWKLV
watercourse segment is ranked high (Map 34).
The middle portion of the west fork canyon, however, contains little structure and exhibits a mostly
plane-bed channel type. Bank erosion and landslides appear to contribute small amounts of silt, sand,
and gravel to the stream through this middle portion (Stoker and Perkins 2005). Throughout this
VHJPHQWWKHFKDQQHOKDVRQO\VOLJKWO\LQFLVHGLQWRWKHFDQ\RQÀRRULQGLFDWLQJWKDWUHVLVWDQWJHRORJLF
GHSRVLWV VXI¿FLHQW EHG FRQWUROV LQ WKH IRUP RI ERXOGHUV DQG ORJV DQG ÀRRGSODLQ FRQQHFWLRQV DUH
FRPELQLQJWRZLWKVWDQGKLJKVWUHDPÀRZHIIHFWV7KHVWUHDPÀRZFRQWUROSURYLGHGE\WKHZHVWIRUN
wetland also contributes to the stability of the west fork canyon (Stoker and Perkins 2005).

Taylor Creek Canyon (TA05–TA03)
$IWHUWKHZHVWDQGHDVWIRUNVPHHWWKHZDWHURI7D\ORU&UHHNÀRZVIHHWRUPLOHV SHUFHQWRI
the total channel length) through Dead Horse Canyon. The channel gradient ranges from 3 to 7 percent,
DQGWKHZDWHUFRXUVHLVQDWXUDOO\FRQ¿QHGE\DQDUURZYDOOH\SDUWLFXODUO\LQWKHPLGGOHVHJPHQW

Riparian Habitat
Lakeridge Park protects the stream from encroachment in this reach, resulting in high-quality riparian
habitat. The riparian area is predominantly a mixture of deciduous and coniferous canopy with native
understory vegetation (Map 32). In many places, the riparian area extends more than 200 feet from
the stream before reaching houses and streets, although the downstream segments of this reach contain
some bank armoring (Map 33). The riparian forest provides intermittent cover for the stream, as well
as woody debris to be used for forming instream habitat. No invasive plants were reported along the
stream through this segment.
Collectively, these conditions provide high-quality riparian habitat along this reach of Taylor Creek,
which is among the highest-quality riparian areas found within all Seattle watercourses.
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Instream Habitat
7KHFKDQQHOJUDGLHQWSURPSWVIRUFHGSRROULIÀHDQGVWHSSRROFKDQQHOW\SHVZLWKLQVWUHDPZRRGDQG
plane-bed channels where these elements are absent (Map 30; Seattle 2005). The channel shows high
stability with little streambed or bank erosion (Map 31). The active channel ranges between 15 and
IHHWLQZLGWKZLWKVXI¿FLHQWVSDFHWRIRUPLQFKDQQHOJUDYHOEDUV 6WRNHUDQG3HUNLQV 7KH
majority of this reach contains boulders, large log steps, and logjams that provide the expected poolULIÀHDQGVWHSSRROVWUXFWXUHDQGJUDGHFRQWURO
Some segments of the canyon reach exhibit minor problems; for example, the upper canyon segment
contains fewer wood steps and thus has rare spots of exposed glacial substrate, some unstable banks,
DQGVHFWLRQVRIVLPSOHULIÀHKDELWDW7KHPLGGOHVHJPHQWRIWKHFDQ\RQUHDFKZKLFKLVPRUHQDWXUDOO\
FRQ¿QHG WKDQ RWKHU VHJPHQWV H[SHULHQFHV LQFUHDVHG HURVLRQ RI WKH YDOOH\ ZDOOV DQG VWUHDP EDQNV 
The lower segment suffers from past incision, although the addition of large woody debris in 2002 is
DFWLQJWREXLOGWKHVWUHDPEHGE\WUDSSLQJVHGLPHQW%DVHGRQWKHLQVWUHDPVWUXFWXUHDQGÀRRGSODLQ
connections, this reach of Taylor Creek could probably accommodate increased runoff anticipated with
IXWXUHGHYHORSPHQWZLWKRXWVLJQL¿FDQWLQFUHDVHVLQFKDQQHOHURVLRQ 6WRNHUDQG3HUNLQV 
Dead Horse Canyon has the highest-quality habitat in Taylor Creek; it is among the highest-quality
habitat in major Seattle watercourses (Map 34). Pools are relatively abundant, created by the large
woody debris and boulder steps, some from restoration projects (Maps 32 and 36). Pools make up
about 16 percent of the linear stream length, with a median residual depth of 0.75 feet and a 1-to-5
SRROWRULIÀHUDWLR7KHSRROVDOWKRXJKPRVWO\VPDOOVWHSSRROVDUHRIKLJKTXDOLW\RIIHULQJFRYHU
and complexity. The woody debris also creates a number of side pools within the system, adding to
instream diversity, although additional instream structure would further improve the habitat.

Lower Taylor Creek (TA02–TA01)
The lowest reach of Taylor Creek begins along the eastern edge of Lakeridge Park, downstream of
Holyoke Way South, and emerges in a residential neighborhood on the shore of Lake Washington. The
gradient decreases in this reach from 4 percent to 2 percent as the watercourse emerges from Dead
Horse Canyon into a wide valley and across the former lake bed of Lake Washington. Conditions differ
radically upstream and downstream of the 68th Avenue South road crossing.

Riparian Habitat
Riparian conditions change dramatically downstream of Lakeridge Park. The forested riparian
conditions within the park continue through the upper segment of this reach (TA02), but the understory
is overrun by nonnative plants, particularly Himalayan blackberry. Blackberry tends to be concentrated
near culverts and at road crossings, as well as areas with intermittent canopy cover. In this segment,
roads, culverts, and associated bank armoring encroach into the riparian corridor, although no houses
are located within 100 feet of the stream. Due to the invasive plants present and areas of low canopy
coverage, the riparian habitat is considered low quality (Map 34).
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Downstream of the 68th Avenue South road crossing, riparian conditions are similarly of low quality.
Here the riparian corridor contains an intermittent tree canopy and an understory consisting of a mixture
of lawn and landscape shrubs. Numerous houses and roads encroach upon the stream through this
segment, leaving as little as 15 feet between the stream bank and adjacent houses in some locations. In
addition, the watercourse runs underneath houses in culverts in some places.

Instream Habitat
*UDGLHQWDQGYDOOH\FRQGLWLRQVVKRXOGVKDSHDVOLJKWO\PHDQGHULQJIRUFHGSRROULIÀHFKDQQHOLQWKLV
reach (Seattle 2005). The upper segment of lower Taylor Creek (TA02) is characterized by a sediment
fan, created at some point in the past when large landslides from the valley walls deposited debris at
the downstream end of the canyon. Through time, the watercourse has worked to cut through these
deposits, although construction of roads adjacent to the stream and across it has interfered with its
function in this area.

Taylor Creek near 68th Street (photo by Bennett)

The Holyoke Way South road crossing
was built on landslide deposits in 1919.
Originally the culvert under the road
embankment was undersized, causing
sediments to deposit upstream of the
culvert. This upstream deposition starved
the stream of sediment downstream of
the Holyoke culvert, causing the stream
to incise. Another culvert under 68th
Avenue South created similar sediment
problems, although the upstream Holyoke
Way culvert did not allow much sediment
to reach this downstream culvert from
upstream areas.
Both culverts were
replaced with larger culverts in 1999, and
the section of the watercourse between
them was augmented with log weirs and
rootwads to promote sediment storage and
elevate the streambed.

The upper watercourse segment (TA02) has been dynamic since the two culverts were replaced. Above
Holyoke Way South, where sediment had been deposited since 1919, the channel and stream banks
began to erode, transporting sediment downstream. Erosion continued for several years until existing
boulders and added large wood debris created stability in this watercourse section. The streambed
has coarsened, containing large gravel and small cobbles. The enhancement efforts in this reach have
created moderate instream habitat quality (Map 34). Formerly a plane-bed channel, the enhanced area
QRZFRQWDLQVULIÀHV SHUFHQW DQGSRROV SHUFHQW ZLWKDSRROWRULIÀHUDWLRRIWR 0DS 
Downstream, a wide, braided channel has formed between the culverts, occupying the entire narrow
ÀRRGSODLQ IHHWLQZLGWK 
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Below the 68th Avenue South crossing, stream conditions change
GUDPDWLFDOO\ 7$   7KH VXUURXQGLQJ ODQG LV UHODWLYHO\ ÀDW LQ
this reach, and historically the stream had a meandering pattern
DQG SRROULIÀH PRUSKRORJ\ 6HDWWOH    +RZHYHU WRGD\
this area is substantially altered by residential development as
the watercourse runs through private yards close to buildings
(Map 33). The channel is mostly armored (80 percent) and contains
numerous bridge crossings (mostly driveways), with about onethird of the watercourse running through culverts. The channel has
also been realigned and straightened. Collectively, these changes
have resulted in an extremely narrow stream. The average active
channel width has been reduced to 5 or 6 feet, compared with 15
to 18 feet in upstream reaches. Undersized driveway culverts and
bridges in the upper portion of this reach, coupled with the narrow
FKDQQHOSURPRWHÀRRGLQJLQDGMDFHQWDUHDV

Downstream of the Rainier Avenue South culvert,
the channel drains through the historical stream
delta that was covered by Lake Washington prior to
construction of the ship canal (Trotter 2002; Stoker
and Perkins 2005). Lowering of the lake level and
subsequent development prompted bank armoring,
channelization, and stream realignment, which have
removed historical habitats from the stream and
have placed the stream channel 2 to 5 feet below
the ground surface in some areas. This segment
RI WKH ZDWHUFRXUVH LV DOVR SURQH WR ÀRRGLQJ GXH WR
the narrow channel and the depositional nature of
the area. The deposition of stream sediment has
recreated the Taylor Creek delta in Lake Washington
at the mouth of the watercourse, which is an important
KDELWDWW\SHIRU¿VKUHDULQJLQWKHODNH HJ&KLQRRN
salmon; Tabor et al. 2006). Overall, this area has
very low instream habitat quality (Maps 32 and 34).

7D\ORU&UHHNRXWÁRZLQ/DNH:DVKLQJWRQ SKRWR
courtesy Seattle Municipal Archives)

Use by Fish and Benthic Invertebrates

Fish Access
+LVWRULFDOO\7D\ORU&UHHNSUREDEO\KDGUHVLGHQWDQGDGÀXYLDO ODNHPLJUDWRU\ FXWWKURDWWURXWDVZHOO
DVFRKRDQGNRNDQHHVDOPRQ 7URWWHU $QDGURPRXVDQGDGÀXYLDO¿VKSUREDEO\GLGQRWDFFHVVWKH
stream in the early part of the twentieth century due to the presence of a sawmill at the mouth of Taylor
&UHHNDQGDGDPWKDWGLYHUWHGDERXWKDOIWKHÀRZWRVXSSO\WKHPLOOERLOHUV 7URWWHU 7RGD\WKH
watercourse contains coho and sockeye salmon, rainbow and cutthroat trout, three-spine stickleback,
and prickly, torrent, and coast-range sculpin (Lantz et al. 2006).
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The most abundant salmon using Taylor Creek for spawning is sockeye. On average, about 19 adults
use the watercourse each year, although adult returns range from zero to 32 sockeye per year, based on
carcass counts from 1999 through 2005 (Table 36). Coho adults use the watercourse for spawning in
ORZHUQXPEHUVZLWKYHU\IHZ¿VKUHFRUGHGHDFK\HDU2WKHUDGXOWVDOPRQGRQRWXVH7D\ORU&UHHN
because it is too small for Chinook, and chum and pink salmon are not typically found within Lake
Washington tributaries. However, juvenile Chinook have been documented a short distance upstream
of the mouth, in the delta area and along the adjacent lakeshore. Only three juvenile Chinook salmon
have been observed in the watercourse, and these were limited to the area of the channel that was under
WKHEDFNZDWHULQÀXHQFHRI/DNH:DVKLQJWRQ
Table 36. Taylor spawning survey results based on carcass and redd counts.

Year
1999
2000
2001
2002
2003
2004
2005

Chinook a
Carcasses
Redds
–
–
–
–
–
–
–

–
–
–
–
–
–
–

Coho
Carcasses
Redds
0
0
2
4
1
0
0

0
0
5
1
1
0
0

Sockeye
Carcasses
Redds
0
28
25
32
7
32
6

0
6
2
2
0
4
3

Chum a
Carcasses
Redds
–
–
–
–
–
–
–

–
–
–
–
–
–
–

a

Chinook and chum salmon do not use Taylor Creek as the stream is too small to allow for spawning activities, although
juvenile Chinook might use the delta area. Chum salmon are very rare in the Lake Washington basin.
Sources: McMillan (2005); SPU unpublished data. Values in table are averaged between the two data sources.

Sockeye and coho salmon are able to access only the 580-foot segment of Taylor Creek downstream of
Rainier Avenue South (representing only 16 percent of potentially suitable habitat in the watercourse;
Washington Trout 2000; Map 35). Few coho redds are found each year, mostly concentrated within
250 to 300 feet upstream of the mouth in an area that offers some gravel and shallow pools. Sockeye
salmon appear to spawn mostly along the lakeshore at the mouth of the watercourse, although adult
sockeye have been observed 250 feet upstream (McMillan 2007).
/LNH VDOPRQ DGÀXYLDO WURXW DUH OLPLWHG WR KDELWDW GRZQVWUHDP RI 5DLQHU$YHQXH 6RXWK  5HVLGHQW
FXWWKURDWWURXWKDYHEHHQREVHUYHGLQ7D\ORU&UHHNDVIDUXSVWUHDPDVWKH¿VKSDVVDJHEDUULHUDW5HQWRQ
$YHQXH6RXWKRQWKHZHVWIRUN /DQW]HWDO &XUUHQWO\UHVLGHQWWURXWDSSHDUWREHWKHRQO\¿VK
able to use the high-quality habitat within Lakeridge Park. However, the barriers at Rainier Avenue
South are planned for removal in the next few years.
Smolt trapping is not conducted on Taylor Creek, and the productivity of the watercourse has not been
studied. Few coho return to the watercourse, on average, with no coho adults in the watercourse since
2003, limiting any assessment of coho prespawn mortality. Prespawn mortality may be occurring in
sockeye, although most of the adult sockeye in Taylor Creek have been males (85 of 92 carcasses were
males), limiting the ability to determine spawning condition (McMillan 2007).
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Low benthic index (B-IBI) scores in Taylor Creek indicate that watercourse productivity could limit the
success of any adult salmon using the watercourse (see Appendix C). However, compared to the other
urban watercourses in Seattle, Taylor Creek contains abundant instream structure, which has formed
pools throughout the park reaches. Pools are generally small and range from 0.5 to 1.3 feet in depth,
but they could support rearing by small juvenile salmon and trout. Severe bank erosion in the upper
ZDWHUVKHGGHSRVLWV¿QHVHGLPHQWVLQWRWKHVWUHDPZKLFKFRXOGDOVRDIIHFWVWUHDPSURGXFWLYLW\

Benthic Invertebrates
Benthic invertebrates were sampled at three
The number of individuals collected in an
sites in Taylor Creek, all within Lakeridge Park
LQYHUWHEUDWHVDPSOHLQÀXHQFHVWKHQXPEHURIWD[D
(Map 29). The upstream site near the pedestrian
counted because the more individuals collected,
bridge (TA05) was discontinued in 2001 after
WKHKLJKHUSUREDELOLW\RIGHWHFWLQJDQHZWD[RQ
To accurately measure taxa richness, a 400-count
2 years. The site upstream of Holyoke Avenue
VDPSOHLVSUHIHUUHG
South (TA01) in Dead Horse Canyon was
sampled seven times between 1994 and 2004.
The site between Holyoke Avenue and 68th Avenue South (TA03), chosen to show any change resulting
from a stream restoration project undertaken by SPU in 1999, was sampled four times from 1999 to
2004. At each of the lower sites, in two of the years sampled, the total abundance of macroinvertebrates
did not meet the threshold of 400 individuals needed to accurately describe the benthic community with
DKLJKOHYHORIFRQ¿GHQFH
All three sites have benthic index scores in the poor range (Table 37).
+RZHYHUWKHDYHUDJHVFRUHIRUWKHV\VWHP  LVVLJQL¿FDQWO\KLJKHU
than the averages for Thornton Creek, Longfellow Creek, and lower
Piper’s Creek. The three sites in Taylor Creek scored similarly despite
important habitat differences among the sites. The two lower sites have
been disturbed recently following culvert replacements and installation
of log weirs in 1999, while the upper site is the least disturbed, with
H[LVWLQJSRROKDELWDWDQGDFRQQHFWLRQWRWKHÀRRGSODLQ

Benthic index scores:
10–16
very poor
18–26
poor
28–36
fair
38–44
good
46–50
excellent

Table 37. Taylor average benthic index scores.

Reach

Site ID

Collection Sites
th

TA02

TA03

Between Holyoke & 68

TA02/03

TA01

U/S Holyoke Avenue S

TA05

TA02

Pedestrian bridge in park

Number Years
Sampled

Average B-IBI
Score

Range

1999–2001,
2004
1994–1996,
1998–2002,
2004
1999–2000
Average

21

20–22

17.6

10–22

20
18.9

18–22
10–22

U/S = Upstream.
Source: SPU benthic index of biotic integrity data 1994–2004.
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The benthic macroinvertebrate community in Taylor Creek suffers from low species diversity, few
predators, and a high proportion of degradation-tolerant species, resulting in poor benthic index scores.
7KHGHJUDGDWLRQWROHUDQWVSHFLHVIRXQGLQFOXGHGZRUPVIUHVKZDWHUDPSKLSRGVSURQJJLOOPD\ÀLHV
VPDOOPLQQRZPD\ÀLHVDQGHydropsycheFDGGLVÀLHV7KHPRGHUDWHO\WROHUDQWFRPPRQIRUHVWÀ\ZDV
also found in Taylor Creek.
The low benthic index scores, for a sampling site within some of the best stream habitat found in
Seattle watercourses, suggest that stream habitat is not as good as it appears, at least for supporting
diverse benthic communities. It is not known whether factors such as poor water quality, poor habitat,
HURVLYHLQVWUHDPÀRZV²RUDFRPELQDWLRQRIIDFWRUV²DUHWKHPDMRUFRQWULEXWRUVWRGHJUDGHGEHQWKLF
invertebrate communities. However, given the habitat conditions within Dead Horse Canyon, it appears
WKDWZDWHUTXDOLW\RUKLJKÀRZVPD\H[HUWDODUJHULQÀXHQFHRQLQVWUHDPLQYHUWHEUDWHV7KLVVHJPHQW
RIWKHZDWHUFRXUVHDOVRKDVJRRGFRQQHFWLRQWRWKHÀRRGSODLQDQGLQVWUHDPVWUXFWXUHERWKRIZKLFK
VKRXOGKHOSWRGLVVLSDWHWKHHQHUJ\RIKLJKÀRZVSHUKDSVSRLQWLQJWRZDWHUTXDOLW\DVDODUJHUFDXVHRI
the low benthic index scores.
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Thornton Creek Key Findings
As shown in Figure 27, Thornton Creek alterations and watershed development have led to relatively
SRRUVWUHDPFRQGLWLRQVZLWKIHZEHQH¿FLDOFRQGLWLRQVWKDWSURPRWHIXQFWLRQLQJVWUHDPKDELWDWLQWKH
system:



Habitat restoration projects have produced consistently higher instream and riparian habitat
quality in several areas, by providing adequate channel structure to form hydraulic and instream
complexity and promoting native riparian vegetation.

 The north branch wetland and stream complex downstream of the Jackson Park golf course has a
ZLGHÀRRGSODLQZLWKOLWWOHHQFURDFKPHQWDQGVRPHRIWKHEHVWLQVWUHDPDQGULSDULDQKDELWDWLQWKH
watercourse.

 Concentrations of toxic materials PHWDOVDQGDPPRQLD DUHUHODWLYHO\ORZXQGHUQRQVWRUPÀRZ
conditions, although 100 percent of 23 samples exceeded the human health criterion for total
DUVHQLFXQGHUQRQVWRUPÀRZFRQGLWLRQV
Thornton Creek has numerous problematic conditions:

 Altered hydrologyZLWKKLJKDQGÀDVK\ÀRZVKDVGHJUDGHGLQVWUHDPKDELWDWWKURXJKEDQNDQG
VWUHDPEHGHURVLRQ7ZR\HDUVWRUPHYHQWÀRZVKDYHLQFUHDVHGWKUHHWRIRXUWLPHVRYHUIRUHVWHG
watershed conditions due to the presence of impervious surfaces and soils with low permeability.



Conventional water quality indicators exceed water quality criteria. Fecal coliform bacteria
exceeded the criterion for primary contact recreation (100 colony-forming units per 100 milliliters)
in all of the last ten years (100–1,100 cfu/100 mL). Water temperatures and dissolved oxygen
levels are problematic in summer months. From 1988 to 2005, temperatures and dissolved oxygen
concentrations did not meet the state water quality criteria in 8 percent and 20 percent of samples,
respectively.



Concentrations of nutrients XQGHU QRQVWRUP ÀRZ FRQGLWLRQV IUHTXHQWO\ H[FHHG HVWDEOLVKHG
benchmarks (100 percent exceedance for total nitrogen and 18 percent exceedance for total
phosphorus).



Detectable levels of some pesticides (including organochlorine pesticides) have been found in
stormwater and sediment samples, although most concentrations were below reported toxic effect
levels for aquatic organisms (pesticides were not analyzed for other watercourses).



/DFN RI ÀRRGSODLQ FRQQHFWLRQV DQG UHVWULFWHG FKDQQHO ZLGWK impair the stream’s ability to
DFFRPPRGDWHLQFUHDVHGÀRZVOHDGLQJWRFKDQQHOLQFLVLRQDQGGHJUDGHGLQVWUHDPKDELWDW

 Coarse sediment, instream wood, and riparian forest are minimal.

Erosion of the streambed and
XQDUPRUHGEDQNVFRXSOHGZLWKWKHODFNRIZRRGWRVWRUHVHGLPHQWKDVFDXVHGWKHFKDQQHOWR¿OO
ZLWK¿QHVDQGDQGVLOW

 Adjacent lawns and nonnative landscaping provide no shading, natural nutrients, or woody debris
to the stream.

 Fish passage barriers RQ WKH ZDWHUFRXUVH EUDQFKHV OLPLW DQDGURPRXV ¿VK WR  SHUFHQW RI WKH
watercourse length.

 Benthic index of biotic integrity (B-IBI) scores are poor, ranging between 10 and 20.
 Coho prespawn mortality rates are high, averaging 79 percent.
150

Part 4

Conditions in Thornton Creek

Part 4

Conditions in Thornton Creek

City of Seattle State of the Waters 2007

151

Volume I: Seattle Watercourses

City of Seattle State of the Waters 2007

Volume I: Seattle Watercourses

The Thornton Creek Watershed

Mouth of Thornton Creek (photo by Bennett)

The Thornton Creek watershed is the largest drainage
basin within Seattle, draining 7,120 acres, or 11.1
square miles. The watercourse headwaters are
located in northeast Seattle and the City of Shoreline,
ÀRZLQJ JHQHUDOO\ VRXWK DQG HDVW EHIRUH GLVFKDUJLQJ
to Lake Washington. The drainage system is the
longest within Seattle, with nearly 20 miles of
watercourse length contained in two main branches,
the main stem, and 20 tributaries. Thornton Creek
is substantially different from the other major
watercourses, having a pear-shaped watershed
UHÀHFWLQJ LWV WZR VXEVWDQWLDO EUDQFKHV DQG WKHLU
numerous tributaries (ten tributaries in the south branch,
four in the north branch, and six in the main stem).

7KHQRUWKEUDQFKRI7KRUQWRQ&UHHNRULJLQDWHVDWWKH5RQDOGERJLQWKH&LW\RI6KRUHOLQHDQGÀRZV
miles southeast through Seattle’s Jackson Park golf course and the Lake City Way commercial area.
This branch drains 7 square miles, 60 percent of the watershed.
The south branch, also known as Maple Leaf Creek, drains a watershed of 3.8 square miles, 33 percent
of the watershed. The south branch originally began in wetlands in the Northgate–North Seattle
&RPPXQLW\&ROOHJH±,QWHUVWDWHDUHDEXWWKHKHDGZDWHUVZHUHH[WHQVLYHO\¿OOHGGXULQJGHYHORSPHQW
of the area. Consequently, the south branch now begins near Park 6, just east of the Northgate shopping
FHQWHUDQGÀRZVPLOHVEHIRUHMRLQLQJWKHQRUWKEUDQFK
The north and south branches converge just upstream of Meadowbrook pond near 35th Avenue NE
and NE 107th Street. The main stem of Thornton Creek drains a small portion of the watershed (0.8
VTXDUHPLOHVRUSHUFHQW DQGÀRZVVRXWKHDVWDSSUR[LPDWHO\PLOHVEHIRUHHPSW\LQJLQWR/DNH
Washington at Matthews Beach.
7KHXQGHUO\LQJJHRORJ\RIWKH7KRUQWRQ&UHHNZDWHUVKHGLVKHDYLO\LQÀXHQFHGE\WKH9DVKRQJODFLHU
that once covered Puget Sound (Troost et al. 2005). Similar to other Seattle watersheds, the upland
portions of the basin draining to Thornton Creek are dominated by Vashon till deposits, which are
erosion-resistant, nearly impermeable to water, and typically are associated with rapid surface water
runoff. Deposits underlying the stream corridor are variable, consisting of both unconsolidated sand
DQGJUDYHOGHSRVLWVWKDWDUHSHUPHDEOHWRDQGHDVLO\HURGHGE\ÀRZLQJZDWHUDQGGHQVHFRPELQDWLRQV
RIVDQGJUDYHODQGVLOWWKDWUHVWULFWLQ¿OWUDWLRQDQGDUHVORZWRHURGH
Areas of lake and wetland deposits that are nearly impermeable also occur within the watershed. Many
DUHDVDGMDFHQWWR7KRUQWRQ&UHHNKDYHEHHQ¿OOHGWRSURYLGHIRUEXLOGLQJVLQIUDVWUXFWXUHDQGODQGVFDSHG
grounds (Stoker and Perkins 2005). These areas include the Interstate 5 corridor, arterial roads such
as Lake City Way, large commercial developments such as Northgate on the south branch, residential
DUHDVSDUNLQJORWVDQGSOD\¿HOGVVXFKDV1DWKDQ+DOHRQWKHVRXWKEUDQFKDQGWKH0DWWKHZV%HDFK
area at the watercourse mouth.
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The Thornton Creek watershed is the most
H[WHQVLYHO\ GHYHORSHG RI 6HDWWOH¶V ¿YH PDMRU
watercourse basins. Historically the stream was
heavily forested, until substantial logging began in
1882 (Trotter 2002). Urban growth coupled with
railroad expansion improved the transport of lumber,
and by 1910 most of the timber had been logged
from the Thornton watershed (Trotter 2002). The
subsequent development of the watershed occurred
primarily between the 1920s and 1950s. By 1950,
80 percent of property parcels were developed, and
development continued through the 1980s (King
County 2005b). Today, 53 percent of the land use
in Thornton Creek watershed is residential, 26
percent is dedicated to roads and rights-of-way, and
8 percent is commercial and industrial (Figure 28;
Map 37 in the map folio accompanying this report).
Only 9 percent of the watershed area is park land or
vacant land (Alberti et al. 2004).

Volume I: Seattle Watercourses

Figure 28. Land uses in the Thornton
Creek watershed.

Fifty-nine percent of the Thornton Creek watershed is covered by impervious surfaces such as roads,
EXLOGLQJVDQGSDUNLQJORWVZKLFKUHVWULFWLQ¿OWUDWLRQRIVWRUPZDWHUDQGLQFUHDVHWKHUDWHDQGYROXPH
of stormwater runoff. Sixty-two percent of the area served by formal stormwater drainage systems
is covered by impervious surfaces. The south branch of the watercourse contains the highest amount
of impervious coverage (65 percent), which
In areas with formal drainage systems,
is associated with the large commercial area at
stormwater runoff enters a pipe or ditch and
Northgate. Willow Creek, a tributary of the south
is quickly carried to a watercourse, causing
branch, and the Thornton Creek main stem have
large amounts of water to be discharged to the
the lowest degree of impervious coverage (50
ZDWHUFRXUVHRYHUDVKRUWWLPHSHULRG
percent and 54 percent, respectively).

Watershed-Scale Conditions

Thornton Creek Hydrology
7KRUQWRQ&UHHNÀRZVWKURXJKRXWWKH\HDUZLWKPHDQDQQXDOÀRZVRIDQGFXELFIHHWSHUVHFRQG
FIV IRUZDWHU\HDUVDQGUHVSHFWLYHO\ PHDVXUHGDWWKHPRXWK 7KHSHDNÀRZVUHFRUGHGIRU
water years 2004 and 2005 were 539 cfs and 129.5 cfs, respectively (based on 15-minute data), and the
GD\ORZÀRZVZHUHDQGFIVUHVSHFWLYHO\ )LJXUH86*HRORJLFDO6XUYH\>86*6@JDXJHGDWD 
7KHQRUWKEUDQFKPD\LOOXVWUDWHVWUHDPÀRZVPRUHDFFXUDWHO\DVDKLJKÀRZE\SDVVDW0HDGRZEURRN
3RQGFDQGDPSHQVWRUPÀRZSHDNVDWWKHPRXWKRI7KRUQWRQ&UHHN7KHQRUWKEUDQFKRI7KRUQWRQ&UHHN
KDGPHDQDQQXDOÀRZVRIDQGFIVIRUZDWHU\HDUVDQGUHVSHFWLYHO\ZLWKSHDNÀRZVRI
204.5 and 106.6 cfs, respectively (based on 15-minute data; Figure 30; USGS gauge data).
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)LJXUH7KRUQWRQPHDQGDLO\VWUHDPÀRZVPHDVXUHGQHDUWKHPRXWK
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About 84 percent of the total watershed area has a formal stormwater drainage system, and 216 storm
drains deliver stormwater runoff to the watercourse (10.8 outfalls per watercourse mile). The outfalls
drain 216 subcatchments (i.e., areas draining to a single storm drain outlet) that range in size from 0.12
DFUHVWRDFUHV1RFRPELQHGVHZHURYHUÀRZRXWIDOOVGUDLQWR7KRUQWRQ&UHHN
Based on the extent of impervious surfaces and graded lawns,
A 2-year storm event
hydrologic models indicate that the magnitude of the 2-year storm
occurs every 2 years on
event runoff measured at the mouths of the north and south branches
average, or has a 50%
has increased by approximately three- to four-fold compared
chance of occurring any
JLYHQ\HDU
to predevelopment conditions (Hartley and Greve 2005). The
upper portions of the watershed, particularly the south branch and
Littlebrook Creek, are estimated to deliver large amounts of stormwater to the watercourse quickly
(Map 40). These areas are underlain by low-permeability soils, have relatively high coverage of
impervious surfaces, and have large subcatchment areas.
,Q DGGLWLRQ WKH ZDWHUFRXUVH FDQ H[SHULHQFH GUDVWLF LQFUHDVHV LQ VWUHDP ÀRZV RYHU VKRUW GLVWDQFHV
where tributaries and outfalls draining large areas discharge to the watercourse. One such location is
DORQJ/LWWOHEURRN&UHHNDERXWIHHWXSVWUHDPRIWKHFRQÀXHQFHZLWKWKHQRUWKEUDQFKZKHUHD
stormwater outlet draining nearly 30 percent of the Littlebrook Creek subbasin is located (off NE 125th
Street, east of Lake City Way NE).
At the mouth of Thornton Creek, modeling estimates of the magnitude of the 2-year storm event runoff
show no increase from predevelopment levels. In fact, it may be slightly reduced (Hartley and Greve
2005), due to a bypass structure on the main stem of the watercourse that diverts up to 350 cfs directly
into Lake Washington via the Meadowbrook stormwater management system. The bypass appears to
EHHIIHFWLYHLQUHGXFLQJSHDNÀRZVLQWKHPDLQVWHPDV7KRUQWRQ&UHHNGRHVQRWGHPRQVWUDWHDÀRZ
regime typical of a highly urbanized basin at its mouth. A natural drainage system project at Pinehurst,
draining to Kramer Creek on the south branch, has been installed to control stormwater runoff and
increase onsite detention for approximately 50 acres.

Thornton Creek Water Quality
Thornton Creek, the largest watercourse in Seattle, has received the most attention from public resource
agencies. King County collects monthly water samples at a monitoring station near the mouth (0434),
and the U.S. Geological Survey has frequently included Thornton Creek in regional studies of water
and sediment quality in urban streams (MacCoy and Black 1998; Bortleson and Davis 1997; Voss et.
al. 1999). Overall, the urban development and altered hydrologic regime within the watershed have
dramatically affected the water and sediment quality of Thornton Creek.
$OWKRXJKFOHDUFRQQHFWLRQVDQGWKUHVKROGVDUHGLI¿FXOWWRGHPRQVWUDWHGHJUDGHGZDWHUDQGVHGLPHQW
quality conditions are presumed to affect aquatic organisms in Thornton Creek. Water quality is
currently being investigated as a potential contributor to the coho salmon prespawn mortalities reported
in urban watercourses in the Puget Sound basin since 1999 (Reed et al. 2003). The following subsections
summarize existing information on water and sediment quality in the Thornton Creek watershed. More
detailed tables and summary statistics for all water quality data are presented in Appendix B.
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In 2004, the Department of Ecology included Thornton Creek on the list of threatened and impaired
water bodies under Clean Water Act Section 303(d), classifying the watercourse as a category 5 water
body, requiring total maximum daily load (TMDL) limits based on demonstrated exceedances of state
water quality standards for temperature, dissolved oxygen, and fecal coliform bacteria (Ecology 2004).
,QDGGLWLRQ(FRORJ\KDVLGHQWL¿HG7KRUQWRQ&UHHNDVDZDWHURIFRQFHUQ LHFDWHJRU\ IRUERWKS+
and mercury. Summary statistics for conventional water quality indicators based on monthly samples
collected by King County (2006b) between 1974 and 2005 are presented in Table 38, and the results for
each indicator are discussed separately in the following subsections.
Table 38. Thornton summary statistics for conventional water quality parameters sampled

PRQWKO\QHDUWKHPRXWKE\.LQJ&RXQW\±

No. of samples
Minimum
Maximum
Median
Mean
5th percentile
95th percentile
Criteria a

Dissolved
Oxygen
(mg/L)

Temperature
(degrees C)

Fecal Coliform
(cfu/100 mL)

pH

TSS
(mg/L)

Turbidity
(NTU)

394
6.9
14.7
10.5
10.5
8.8
12.6
9.5

450
1.6
23.2
11.3
11.1
5.4
16.2
16

451
14
31,000
690
1,507
115
5,500
50

399
6.4
11.2
7.5
7.5
6.9
7.9
6.5–8.5

401
0.6
180
5.7
15.0
2.0
56
–

402
0.1
66
3.2
6.3
1.2
22.9
–

a
Established criteria from WAC 173-201A. See Part 3 of this report for more details.
mg/L = milligrams per liter.
cfu/100 mL = colony-forming units per 100 milliliters.
TSS = total suspended solids.
NTU = nephelometric turbidity units.

Dissolved Oxygen and Temperature
Dissolved oxygen and temperature display seasonal trends in long-term observations for the 1974–
2005 period of record in Thornton Creek near the mouth. Dissolved oxygen and temperature often do
not meet the state water quality criteria for Class AA streams and core summer salmon habitat in the
summer months, although they typically meet those criteria during other times of the year. Samples
are compared to the 2006 state water quality standards (WAC 173-201A) for dissolved oxygen and the
1997 standards for temperature, because the existing data, which are from monthly samples, are not
directly comparable to the recently revised temperature criterion, which is based on the 7-day average
of the daily maximum temperatures.
7HPSHUDWXUHDQGGLVVROYHGR[\JHQDUHFORVHO\UHODWHGERWKDUHLPSRUWDQWIRU¿VKWRPDLQWDLQKHDOWK\
metabolic rates (Welch and Lindell 2000). Between 1996 and 2005, temperature and dissolved oxygen
did not meet the state criteria in 9 percent and 21 percent, respectively, of the samples collected from
Thornton Creek. Similarly, over the 28-year period of record, temperature and dissolved oxygen failed
to meet the state water quality criteria in 8 percent and 20 percent of samples, respectively.
In 2002, Seattle Public Utilities (SPU) began monitoring select locations along Thornton Creek to
evaluate temporal patterns in water temperature (Map 38). Temperature readings are collected and
recorded at 30-minute intervals at the following six stations:
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 North branch upstream of Jackson Park golf course
 North branch downstream of Jackson Park golf course
 Main stem above Meadowbrook pond
 Main stem below Meadowbrook pond
 South branch at NE 105th Street and Eighth Avenue NE
 South branch at NE 100th Street and Ravenna Avenue.
These data can be compared to the Ecology (2006a) temperature criterion, which is based on the 7-day
average of the daily maximum temperature. The temperature criterion for Thornton Creek (16ºC) is
based on protection for use as core summer salmon habitat.
The data indicate that below Jackson Park, Thornton Creek consistently exceeds the temperature criterion
GXULQJWKHVXPPHUPRQWKV$VVKRZQLQ)LJXUHVDQGZDWHUWHPSHUDWXUHVLQFUHDVHVLJQL¿FDQWO\
downstream of the Jackson Park golf course and again below Meadowbrook pond. Temperatures
upstream of the Jackson Park golf course in 2003 and 2004 exceeded the 7-day average on zero and 8
days, respectively. However, the number of exceedances increased to 81 and 87 days, respectively, at
the station below Jackson Park; 83 and 91 days, respectively, above Meadowbrook pond; and 100 and
103 days, respectively, below Meadowbrook pond.

)LJXUH7KRUQWRQZDWHUWHPSHUDWXUHPHDVXUHGDWWKH-DFNVRQ3DUNJROIFRXUVH±
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)LJXUH7KRUQWRQZDWHUWHPSHUDWXUHVPHDVXUHGDW0HDGRZEURRNSRQG±
Similar to the north branch and main stem, water temperature data for the south branch of Thornton
Creek regularly exceed the 7-day average criterion during the summer months. In 2003–2005, the
number of days exceeding the criterion ranged from 66 to 95 days at the NE 105th Street/Eighth Avenue
NE station and from 67 to 72 days at the NE 100th Street/Ravenna Avenue site (not including 2004,
when data were missing).
In typical urban watersheds, inputs of relatively warm stormwater runoff can cause temperatures in
VWUHDPV WR LQFUHDVH DERYH QDWXUDOO\ RFFXUULQJ OHYHOV  ,Q DGGLWLRQ FKDQQHO VLPSOL¿FDWLRQ UHVXOWLQJ
from such actions as levee construction, bank hardening, channel straightening, dredging, and woody
debris removal) can reduce the hyporheic exchange that helps to promote lower stream temperatures.
Hyporheic exchange refers to the mixing of surface water and ground water beneath the active stream
channel and riparian zone. Finally, reduced shading in streams due to removal of the riparian canopy
can cause stream water temperatures to increase.
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Turbidity and Suspended Solids
Summary statistics for total suspended solids and turbidity near the mouth of Thornton Creek for the
entire period of record are summarized in Table 38. Particulate levels in the watercourse are generally
low. For example, turbidity ranges from 0.1 to 66 nephelometric turbidity units (NTU), although most
of the samples contain less than 10 NTU. Similarly, total suspended solids concentrations range from
less than 1 to 180 mg/L, but most samples contain less than 10 mg/L. Higher particulate levels are
expected to occur during storm events. The historical data set represents routine samples collected once
HDFKPRQWKDQGGRHVQRWQHFHVVDULO\SURYLGHDJRRGUHSUHVHQWDWLRQRIVWRUPÀRZFRQGLWLRQV
%DFNJURXQGWXUELGLW\FRQGLWLRQVFDQEHGLI¿FXOWWRHVWDEOLVKLQ6HDWWOH¶VXUEDQZDWHUFRXUVHV7\SLFDOO\
background conditions are determined from samples collected upstream of a particular source input
to a watercourse, such as a construction site, storm drain outfall, or municipal or industrial discharge.
%DFNJURXQGVDPSOHVDUHWKHQFRPSDUHGWRVDPSOHVFROOHFWHGGRZQVWUHDPRIDVSHFL¿FVRXUFHLQSXW
to determine compliance with the turbidity standard. However, because the monitoring stations in
7KRUQWRQ&UHHNDUHQRWORFDWHGXSVWUHDPDQGGRZQVWUHDPRIVSHFL¿FVRXUFHLQSXWVWKHVHGDWDDUHQRW
suitable for assessing compliance with the turbidity standard.
,QFUHDVHVLQWXUELGLW\DQGVXVSHQGHGVROLGVGRZQVWUHDPW\SLFDOO\UHVXOWIURPODUJHUVWRUPÀRZVDVVRFLDWHG
ZLWKXUEDQL]DWLRQLQWKHZDWHUVKHG/DUJHUSHDNÀRZVWHQGWRHURGHWKHVWUHDPEHGDQGHQWUDLQSDUWLFOHV
PRUH HIIHFWLYHO\ WKDQ VPDOOHU OHVV IUHTXHQW VWRUP ÀRZV  ,Q DGGLWLRQ XUEDQ VWUHDP EDQNV W\SLFDOO\
HURGHPRUHHDVLO\DVULSDULDQYHJHWDWLRQLVUHPRYHGRUPRGL¿HGUHVXOWLQJLQLQFUHDVHGWXUELGLW\DQG
suspended solids downstream, particularly during storms. Finally, turbidity and suspended solids tend
to increase downstream in urban streams due to unnaturally high inputs of turbid water resulting from
urban upland construction activities and ground disturbance.

pH Conditions
2IWKH¿HOGS+PHDVXUHPHQWVUHFRUGHGE\.LQJ&RXQW\ E GXULQJWKHSHULRGRIUHFRUGRQO\
four samples (less than 1 percent) were outside the state water quality criterion of 6.5 to 8.5. Two
measurements were below the allowable range, and two measurements were above that range. The last
excursion of the pH criterion was in February 2002.

Fecal Coliform Bacteria
Fecal coliform bacteria data collected near the mouth of Thornton Creek for the 1974–2005 period
of record (King County 2006b) are quite variable, ranging over three orders of magnitude. As shown
in Table 39, over the past ten years fecal coliform bacteria levels in Thornton Creek frequently have
exceeded state water quality criteria for extraordinary primary contact recreation (i.e., a geometric
mean of 50 colony-forming units per 100 milliliters [cfu/100 mL], with no more than 10 percent of
samples exceeding 100 cfu/100 mL; Ecology 2006a). The annual geometric mean fecal coliform counts
(ranging from 480 to 1,200 cfu/100 mL) were well above the 50 cfu/100 mL criterion every year, and 93
to 100 percent of the annual samples exceeded the 100 cfu/100 mL limit over the ten-year period.
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Table 39. Thornton fecal coliform bacteria summary for samples collected by King County

QHDUWKHPRXWKDW0DWWKHZV%HDFK±
Fecal Coliform Bacteria (cfu/100 mL)
Year
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

Number of
Samples

Minimum

Maximum

Geometric Mean

Percent
Greater than
100

14
16
17
35
34
32
12
13
14
15

150
240
130
68
28
190
170
150
130
91

5,100
7,700
9,000
10,000
31,000
9,000
3,000
1,900
5,000
2,300

800
1,100
1,200
850
800
860
610
550
820
480

100
100
100
94
94
100
100
100
100
93

cfu/100 mL = colony-forming units per 100 milliliters

Ecology (2006d) measured similar fecal coliform levels in the south branch of Thornton Creek at NE
107th Street (station 08M070) in 11 samples collected between October 2003 and September 2004.
During this period, fecal coliform bacteria levels ranged from 80 to 5,900 cfu/100 mL, with 73 percent
of the samples exceeding the criterion of 100 cfu/100 mL.
Six of the 11 Ecology samples (55 percent) were collected during dry-weather conditions (based on
GDWDIURPWKH8QLYHUVLW\RI:DVKLQJWRQURRIWRSVWDWLRQ 7ZRRIWKHUHPDLQLQJ¿YHVDPSOLQJHYHQWV
KDGLQFKHVRIUDLQIDOORUOHVV6LJQL¿FDQWUDLQIDOORFFXUUHGRQO\RQWKUHHRIWKHVDPSOLQJGDWHV
The largest fecal coliform bacteria count (5,900 cfu/100 mL) was reported from the October 20, 2003
sample, when 2.7 inches of rainfall occurred.
King County (2001a) also measured elevated fecal coliform levels in Thornton Creek during a microbial
source tracing survey conducted in April–May 2001 to evaluate whether leaking wastewater pipes
FRXOGEHDIIHFWLQJZDWHUTXDOLW\LQWKHZDWHUFRXUVH6DPSOHVZHUHFROOHFWHGGXULQJQRQVWRUPÀRZ
conditions from 13 stations located throughout the Thornton Creek watershed. Fecal coliform levels
ranged from 150 to 1,500 cfu/100 mL. Both the geometric mean for all samples (515 cfu/100 mL)
and the percentage of samples above 100 cfu/100 mL (23 percent) exceeded the state criterion for
extraordinary primary contact recreation. The highest levels were measured in Victory Creek at NE
108th Street (1,500 cfu/100 mL), at Meadowbrook pond (1,500 cfu/100 mL), and in Thornton Creek at
NE 105th Street (1,100 cfu/100 mL).
Results from the microbial source tracing study show that 88 percent of the isolates tested were
successfully matched to library strains associated with animal sources (i.e., bird, dog, cat, rodent,
opossum, squirrel, raccoon, rabbit, muskrat, and beaver/otter). The remaining 12 percent could not
be matched to a known source. Of these, 3 percent were correlated to human sources. Because of the
low correlation to human sources, King County (2001a) concluded that municipal wastewater was not
DVLJQL¿FDQWFRQWULEXWRUWRWKHIHFDOFROLIRUPEDFWHULDOHYHOVIRXQGLQ7KRUQWRQ&UHHN
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Potential sources of fecal coliform bacteria in urban streams are wildlife and pet wastes, leaking
ZDVWHZDWHUV\VWHPVIDLOLQJVHSWLFV\VWHPVZDVWHZDWHUWUHDWPHQWSODQWHIÀXHQWDQGFRPELQHGVHZHU
RYHUÀRZ HYHQWV  6WRUPZDWHU UXQRII IURP XUEDQ GHYHORSPHQW FDQ HDVLO\ ZDVK EDFWHULD IURP WKHVH
sources into urban streams.

Metals
Fourteen priority pollutant metals with recommended water
quality criteria for the protection of aquatic life and human
health in surface waters were reviewed (see Table 9). Sample
results for Thornton Creek are available only for non-storm
ÀRZ FRQGLWLRQV KRZHYHU WKH SHULRG RI UHFRUG LV IDLUO\
representative, with good data quality. Appendix B contains a
summary of metals sample statistics and time series plots.

For the purposes of this report,
the King County and Ecology
samples are called non-storm
ÀRZVDPSOHVDQG638VDPSOHV
DUHFDOOHGVWRUPÀRZVDPSOHV

Thornton Creek is on the 2004 Department of Ecology Clean Water Act Section 303(d) list of threatened
and impaired water bodies as a category 2 water body (i.e., a water of concern) for mercury, based on
exceedances of the chronic toxicity criterion for aquatic life. Ecology assigned a category 2 listing
because the measured concentrations were below the laboratory reporting limit.
Other than mercury, metals concentrations in Thornton Creek are relatively low. King County (2006b)
and Ecology (2006d) analyzed dissolved metals in 36 samples collected between May 27, 1998 and
October 31, 2005 at two stations, 0434 and 08M070 (Map 38). Two of 36 samples (6 percent) exceeded
WKH FKURQLF WR[LFLW\ FULWHULRQ IRU GLVVROYHG OHDG XQGHU QRQVWRUP ÀRZ FRQGLWLRQV  'LVVROYHG OHDG
exceedances of the chronic toxicity criterion were reported near the mouth of Thornton Creek (1.12
μg/L, exceeding the standard of 0.69 μg/L), and on the south branch of Thornton Creek at NE 107th
Street (0.834 μg/L, exceeding the standard of 0.79 μg/L). However, these sample results are outliers
(falling beyond the step spread, as described under Summary Statistics in Part 3), and additional data
are needed to determine whether the samples are representative of actual water quality conditions.
None of the dissolved metals samples exceeded the acute toxicity criterion.
Total metals were measured in 14 samples collected between May 27, 1998 and September 13, 2004 by
King County (2006b) at station 0434, and by Ecology (2006d) at station 08M070. One of 14 samples
(7 percent), a suspected outlier, exceeded the chronic toxicity criterion for total mercury under nonVWRUPÀRZFRQGLWLRQVDQGQRQHH[FHHGHGWKHDFXWHWR[LFLW\FULWHULRQ6SHFL¿FDOO\WKHWRWDOPHUFXU\
chronic criterion of 0.012 μg/L was exceeded at station 08M070 with a sample result of 0.016 μg/L in
February 2004.
All 23 samples (100 percent) exceeded the human health criterion of 0.018 μg/L for total arsenic under
QRQVWRUPÀRZFRQGLWLRQVW\SLFDOIRU6HDWWOHXUEDQZDWHUFRXUVHV7KLVGULQNLQJZDWHUFULWHULRQDSSOLHV
WRKXPDQFRQVXPSWLRQRIZDWHUDQG¿VK VHH7DEOH 7KHUHIRUHWKHULVNWRKXPDQKHDOWKLVPLQLPDO
LISHRSOHGRQRWGULQNZDWHUIURPWKHVWUHDPRUFRQVXPH¿VKOLYLQJLQWKHVWUHDP$OWKRXJKWKHKXPDQ
health criterion for arsenic is frequently exceeded, the aquatic life chronic and acute toxicity criteria are
seldom exceeded.
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Metal pollutants accumulate on impervious surfaces in urban watersheds and are washed off during
VWRUPV,QDGGLWLRQVRPHPHWDOVDUHERXQGWRVHGLPHQWVVRDVVWRUPÀRZVHQWUDLQVRLODQGVHGLPHQW
metals are more easily transported to streams. Sources of metal pollutants include wear and tear of
vehicle parts (e.g., brake pads, tires, rust, and engine parts), atmospheric deposition, common building
PDWHULDOV HJJDOYDQL]HGÀDVKLQJDQGPHWDOGRZQVSRXWV DQGURRIPDLQWHQDQFHDFWLYLWLHV HJPRVV
control).

Nutrients
Nutrients were analyzed (including ammonia-N, nitrate-nitrite, total nitrogen and total phosphorus)
in 148 samples collected between April 1998 and December 2005, by King County (2006b) at station
DQGE\(FRORJ\ G DWVWDWLRQ0XQGHUQRQVWRUPÀRZFRQGLWLRQV 0DS %HFDXVH
Thornton Creek is not currently monitored by SPU, no storm data are available. Summary statistics for
King County nutrient data are provided in Table 40.
Table 40. Thornton summary statistics for nutrients near the mouth.
Ammonia-N
(mg/L)
NonStorm a
Storm b
Thornton Creek (station 0434)
No. of samples
110
ND
Minimum
0.01
ND
Maximum
0.24
ND
Median
0.032
ND
Mean
0.037
ND
5th percentile
0.013
ND
95th percentile
0.068
ND
Benchmark c
0.43 – 2.1

Nitrate+nitrite
(mg/L)
NonStorm a
Storm b
109
0.37
1.6
1.1
1.1
0.48
1.4

Total Nitrogen
(mg/L)
NonStorm a
Storm b

ND
ND
ND
ND
ND
ND
ND
–

109
0.96
2.4
1.4
1.4
1.1
1.7

ND
ND
ND
ND
ND
ND
ND

Total Phosphorus
(mg/L)
NonStorm
b
Storm a
124
0.032
0.22
0.07
0.079
0.039
0.16

0.34

ND
ND
ND
ND
ND
ND
ND
0.1

a

Non-storm samples collected at stations J370 and C370.
b
Storm samples collected at stations Graham and Yancy.
c
Ammonia chronic toxicity criteria are pH-dependent, and the given range is for a pH of 6.5–8.5. All nutrient
criteria and benchmarks are described in more detail in Part 3 of this report.
mg/L = milligrams per liter.
ND = no data collected.

Nutrient concentrations in Thornton Creek frequently exceeded
HVWDEOLVKHGEHQFKPDUNVXQGHUQRQVWRUPÀRZFRQGLWLRQV7KH
total nitrogen benchmark (0.34 mg/L, see Table 8) was exceeded
in 100 percent of samples, and the total phosphorus benchmark
(0.1 mg/L, see Table 8) was exceeded in 18 percent of samples.
However, several of the nutrient samples that exceeded the
benchmarks are suspected outliers, because the concentrations
were greater than 1.5 times the interquartile range.
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surface water quality conditions
WKDWDUHPLQLPDOO\LQÀXHQFHG
by human activity, exceeding a
benchmark does not necessarily
indicate a violation of the water
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Phosphorus and nitrogen are common pollutants in urban streams. Sources include fertilizer applications,
increased soil erosion, nutrients from washwater (e.g., car and boat cleaning), failing septic systems,
pet wastes, and improper dumping of yard wastes. All of these sources can result in increased nutrient
concentrations in stormwater runoff. This is of particular concern for the larger water bodies such as
freshwater lakes and Puget Sound. Elevated nutrient levels can lead to eutrophication, a process in
ZKLFKUDSLGJURZWKRIDOJDHPD\RYHUFRPHQDWXUDOVHOISXUL¿FDWLRQSURFHVVHVLQWKHZDWHUERG\7KH
resulting algal blooms degrade water quality as the decomposing algae reduce the dissolved oxygen
concentrations in receiving waters. Ultimately, increased nutrient concentrations can reduce survival
opportunities for salmonids, which rely on oxygen-rich waters.

Organic Compounds
7KH86*HRORJLFDO6XUYH\KDVIRXQGORZOHYHOVRIVRPHSHVWLFLGHVLQVWRUPZDWHUVHGLPHQWDQG¿VK
WLVVXHFROOHFWHGIURP7KRUQWRQ&UHHN 9RVVDQG(PEUH\ 2IWKH¿YHPDMRUZDWHUFRXUVHVHYDOXDWHG
LQWKLVUHSRUWRQO\7KRUQWRQ&UHHNKDVVXI¿FLHQWVHGLPHQWGDWDDYDLODEOHWRVXSSRUWFRQFOXVLRQVDERXW
sediment quality.

Water quality sampling in Seattle (photo by
Bennett)

Stormwater samples collected from the north
branch, south branch, and mouth of Thornton Creek
contained detectable levels (0.013 to 0.16 μg/L) of
several herbicides and their metabolites (2,4-D,
2,6-dichlorbenzamide,
atrazine,
dichlobenil,
MCPA [4-chloro-2-methyl phenoxy acetic acid],
mecoprop, pentachlorophenol, prometon, simazine,
tebuthiuron, and trichlorpyr), two insecticides
(0.003 to 0.154 μg/L), and insecticide metabolites
(carbaryl, diazinon, and 4-nitrophenol). With the
exception of diazinon, concentrations were below
reported toxic effect levels for aquatic organisms.
In 2003, the U.S. EPA canceled diazinon product
registrations and restricted the sale of this
pesticide to existing stocks. As a result, diazinon
concentrations in Thornton Creek are expected to
begin declining as existing stocks are depleted.

Several organochlorine pesticides (i.e., dieldrin, chlordane, DDD, DDE, and DDT) ranging in
concentration from 1.2 to 8.1 μg/kg were also found in streambed sediments near the mouth of Thornton
Creek (MacCoy and Black 1998). Washington state has not established standards for freshwater
sediment; for the purposes of this analysis, Thornton Creek sediment data are evaluated based on
comparisons to the sediment quality criteria and guidelines outlined in Part 3 of this report.
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Thornton Creek sediment quality results are compared to available sediment quality guidelines in
Table 41. Only bis(2-ethylhexyl)phthalate (estimated at 990 μg/kg) exceeded the Ecology proposed
freshwater quality value of 640 μg/kg. Phthalates belong to a class of chemicals known as plasticizers
that are used in the manufacture of many polyvinyl chloride (PVC) construction materials and consumer
SURGXFWV  7KH\ DUH XVHG WR PDNH D ZLGH YDULHW\ RI SODVWLF SURGXFWV VXFK DV ÀH[LEOH WXELQJ YLQ\O
ÀRRULQJZLUHLQVXODWLRQZHDWKHUVWULSSLQJXSKROVWHU\FORWKLQJSODVWLFFRQWDLQHUVDQGSODVWLFZUDSV
Phthalates have been used for a long time but have recently become an environmental concern because
they have been found at elevated concentrations in sediment of urban receiving water bodies.
High molecular weight polycyclic aromatic hydrocarbons (HPAH) and pesticides concentrations
exceeded the lower-effects levels established by other jurisdictions, and DDE (6.9 μg/kg) exceeded
the NOAA upper-effects threshold of 6.75 μg/kg, indicating a strong potential for adverse biological
effects in Thornton Creek. Further evaluation should be conducted after Ecology develops freshwater
sediment management standards for the state of Washington.
Pesticides (which include herbicides, insecticides, and fungicides) are often detected in urban
streams, sometimes at levels higher than in agricultural areas. These compounds are commonly used
around residential, commercial, and industrial buildings, as well as in garden, lawn, and golf course
management. These chemicals can also reach streams through atmospheric deposition (as dustfall or
WKURXJKUDLQIDOO 6RXUFHVRI3$+VLQFOXGHYHKLFOHH[KDXVWDXWRPRWLYHRLOOHDNVLQGXVWULDOHIÀXHQW
and petroleum spills that wash into streams during storms.

Stream-Scale Conditions
Thornton Creek, which originates on a rolling, glacially contoured upland plateau, has been eroding
through sediment deposits formed by the retreating Vashon glacier over thousands of years to create
the Thornton Creek valley. The north branch of the watercourse is characterized by a relatively lowgradient channel (slightly greater than 1 percent), which is fed by mostly low-gradient tributaries. In
VRPHUHDFKHVWKHQRUWKEUDQFKLVQDWXUDOO\FRQ¿QHGE\QDUURZYDOOH\ZDOOV7KHDOWHUQDWLQJSDWWHUQRI
FRQ¿QHGDQGXQFRQ¿QHGUHDFKHVZKLFKSURPRWHVWKHH[FKDQJHRIVXUIDFHDQGVXEVXUIDFHZDWHUVLVD
primary source of hydraulic diversity and habitat complexity in the north branch (Seattle 2005).
The south branch of the watercourse, with a gradient of 1 to 2 percent (Map 39), differs from the
north branch primarily in two ways. First, the south branch is slightly steeper than the north branch,
descending from the same upland elevation in approximately half the distance. Second, the south
branch has several short, high-gradient tributaries (up to 8 percent). These steep tributaries provide
PRVWRIWKHK\GUDXOLFGLYHUVLW\DQGKDELWDWFRPSOH[LW\LQWKHVRXWKEUDQFKEHFDXVHWKHFRQÀXHQFHV
present areas of abrupt change (from high to low gradient) that store sediment and wood (Seattle 2005).
Historically, these tributaries were a major source of sediment and wood debris to the south branch.
The lower reaches of both Thornton Creek branches and the entire main stem are located on an alluvial
ÀRRGSODLQZKLFKLVPRVWO\XQFRQ¿QHG 6WRNHUDQG3HUNLQV 7KHPDLQVWHPLVDORZJUDGLHQW
channel (0.2 to 0.6 percent). Historically, the stream had a meandering course, probably splitting into
PXOWLSOHFKDQQHOVDQGFRQQHFWLQJODWHUDOO\WRWKHUHODWLYHO\ZLGHÀRRGSODLQDQGÀRRGSODLQZHWODQGVRQ
the valley bottom (Seattle 2005; Stoker and Perkins 2005). The channel migration zone was wider here
WKDQLQWKHPRUHFRQ¿QHGXSVWUHDPUHDFKHVH[SDQGLQJWRDWOHDVWDZLGWKRIIHHWDWWKHKLVWRULFDO
mouth and delta area (Stoker and Perkins 2005).
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Table 41. Thornton organic compounds detected in sediment samples compared to available
freshwater sediment guidelines.
Thornton
Creek
Sediment
Sample

Consensus-Based
Guideline a

Ecology
Sediment
Quality
Values b

Ontario c

NOAA d

(μg/kg)

TEC
(μg/kg)

PEC
(μg/kg)

FSQV
(μg/kg)

LOEL
(μg/kg)

SEL
(mg/kg OC)

TEL
(μg/kg)

PEL
(μg/kg)

UET
(μg/kg)

LPAH
Acenaphthene
Acenaphthylene
Anthracene
Fluorene
Phenanthrene

19E
39E
71
39E
200

NA
NA
57.2
77.4
204

NA
NA
845
536
1,170

3,500
1,900
2,100
3,600
5,700

NA
NA
220
190
560

NA
NA
370
160
950

NA
NA
NA
NA
41.9

NA
NA
NA
NA
515

290e
160e
260e
300e
800f

HPAH
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(b+k)fluoranthene
Benzo(g,h,i)perylene
Chrysene
Dibenz(a,h)anthracene
Indeno(1,2,3-c,d)pyrene
Fluoranthene
Pyrene

220
310
260
230
490
170
270
93
300E
470
240

108
150
NA
NA
NA
NA
166
33
NA
423
195

1,050
1,450
NA
NA
NA
NA
1,290
NA
NA
2,230
1,520

5,000
7,000
NA
NA
11,000
1,200
7,400
230
730
11,000
9,600

320
370
NA
240
NA
170
340
60
200
750
490

1,480
1,440
NA
1,340
NA
320
460
130
320
1,020
850

NA
31.9
NA
NA
NA
NA
57.1
NA
NA
111
53

NA
782
NA
NA
NA
NA
862
NA
NA
2,355
875

NA
700f
NA
13,400g
13,400g
300e
800f
100e
330e
1,500e
1,000f

990E
110
10E

NA
NA
NA

NA
NA
NA

640
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

750e
NA
NA

4.6
6.9
8.1
1.3
1.6
1.2
1.7

4.88
3.16
4.16
1.9
3.24
3.24
NA

28
31.3
62.9
61.8
17.6
17.6
NA

NA
NA
NA
NA
NA
NA
NA

8
5
7
2
7
7
NA

6
19
12
91
6
6
NA

3.54
1.42
NA
2.85
4.5
4.5
NA

8.51
6.75
NA
6.67
8.9
8.9
NA

60f
50f
<50f
300f
30f
30f
NA

63
15E
35E
31E
71
15E
50E
54
89

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

Chemical

Phthalates
Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Dimethylphthalate
Pesticides
4,4’-DDD
4,4’DDE
4,4’-DDT
Dieldrin
cis-Chlordane
trans-Chlordane
Trans-Nonachlor
Others
Carbazole
1,6-Dimethylnaphthalene
1-Methyl-9H-fluorene
1-Methylphenanthrene
1-Methylpyrene
2,6-Dimethylnaphthalene
2-Methylanthracene
Acridine
9,10-Anthraquinone

FSQV Freshwater sediment quality value.
μg/kg = micrograms per kilogram.
TEC: Threshold effect concentration.
NA = Not available.
a
MacDonald et. al. (2000).
PEC: Probable effect concentration.
b
Cubbage et al. (1997).
LOEL: Lowest observed effect level.
c
Persaud et. al. (1993).
SEL: Severe effect level.
d
NOAA (1999).
ERL: Effects range-low (concentrations at which biological
e
Microtox bioassay.
effects would be rarely observed).
f
Infaunal community impacts.
ERM: Effects range-median.
g
Bivalve.
TEL: Threshold effect level or concentration below which adverse effects are expected to occur only rarely. Geometric mean of the 15th
percentile concentration of the toxic effects data set and the median of the no-effect data set.
PEL: Probable effects level, the level above which adverse effects are frequently expected. Geometric mean of the 50th percentile of
impacted, toxic samples and the 85th percentile of the non-impacted samples.
UET: Upper effects concentration derived as the lowest adverse effects threshold (AET) on 1% TOC basis from a compilation of endpoints
analogous to the marine AET endpoints.
LPAH: Low molecular weight polycyclic aromatic hydrocarbons.
HPAH: High molecular weight polycyclic aromatic hydrocarbons.
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The mouth of Thornton Creek, as it exists today after the water level in Lake Washington was lowered,
is restricted in width by concrete lining and heavy bank armoring. Historically, the main stem was very
productive biologically because of upstream inputs (wood, sediment, and nutrients) in combination
ZLWKDQH[WHQVLYHÀRRGSODLQZHWODQGFRPSOH[ 6HDWWOH 
For the discussion that follows, Thornton Creek is divided into
the south branch, the north branch, and the main stem. These
major parts of the system are further divided into reaches,
starting at the headwaters and moving downstream toward
WKHFRQÀXHQFH7KHPDMRUWULEXWDULHVRIHDFKUHDFKDUHDOVR
discussed.

Watercourses are divided into
reaches, reaches are divided
into segments, and segments are
GLYLGHGLQWRVHFWLRQV

South Branch of Thornton Creek
The south branch of Thornton Creek, also known as Maple Leaf Creek, begins near Park 6 at
WKH FXOYHUW RXWOHW MXVW HDVW RI WKH 1RUWKJDWH VKRSSLQJ FRPSOH[  7KH VRXWK EUDQFK ÀRZV LQ DQ
HDVWHUO\ GLUHFWLRQ IRU  PLOHV  SHUFHQW RI WKH WRWDO EDVLQ FKDQQHO OHQJWK WR LWV FRQÀXHQFH
with the north branch just east of 35th Avenue NE. Ten tributaries, including Victory Creek,
:LOORZ &UHHN DQG .UDPHU &UHHN DOVR MRLQ WKH VRXWK EUDQFK FKDQQHO FRQWULEXWLQJ WR LWV ÀRZ
toward Lake Washington.
7KHVRXWKEUDQFKKDVWKUHHUHDFKHVEDVHGRQJUDGLHQWDQGQDWXUDOFKDQQHOFRQ¿QHPHQW:DWHUFRXUVH
codes, shown on the watercourse maps, consist of two letters of the watercourse name (TS for Thornton
south branch) and the number of the stream segment, starting with 01 at the mouth and increasing in
the upstream direction:

 The upper south branch plateau, an upland area upstream of Fifth Avenue NE (TS08–TS06)
 The south branch canyon, downstream of Fifth Avenue NE (TS05–TS02)
 The south branch alluvial fan, downstream of 30th Avenue NE (TS01).
Upper South Branch Plateau (TS08–TS06)
The headwaters of the south branch of Thornton Creek originate in wetland deposits on a
gently rolling upland plateau of glacial till in the vicinity of the Northgate retail area, North
Seattle Community College, and the Interstate 5 corridor (Troost et al. 2005; Seattle 2005).
Historically, wetlands and cranberry bogs occupied this area, hydrologically supplied by surface
DQG VXEVXUIDFH ZDWHU WKDW PRYHG WKURXJK WKH DUHD ZLWKRXW D ZHOOGH¿QHG VWUHDP FKDQQHO  :LWK
XUEDQL]DWLRQWKHSODWHDXKHDGZDWHUVKDYHEHHQODUJHO\SLSHGDQG¿OOHGWRSURYLGHVXLWDEOHDUHDVIRU
development. Today, the south branch emerges from a long culvert just east of the south parking
lot of the Northgate mall.
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Upper South Branch Canyon (TS05)
7KHVRXWKEUDQFKHPHUJHVIURPDFXOYHUWDW)LIWK$YHQXH1(DQGÀRZVIHHW SHUFHQWRIWKH
WRWDOVRXWKEUDQFKOHQJWK WRWKH9LFWRU\&UHHNFRQÀXHQFH7KHFKDQQHOÀRZVEHWZHHQKLOOVWKURXJK
a small canyon that is about 10 feet deep, with a valley bottom width between 40 and 100 feet (Stoker
and Perkins 2005). Through this reach, the watercourse is contained in culverts for about 275 feet (11
percent of reach TS05), with about 2,300 feet in an open channel. The channel meanders through a park
(Park 6) and residential neighborhoods.

Riparian Habitat
7KLVUHDFKRIWKH7KRUQWRQVRXWKEUDQFKLVPRVWO\FRQ¿QHGZLWKLQDQLQQHUYDOOH\FDQ\RQWKDWZDV
formed by surface water cutting into the glacial deposits of the original wider valley. The riparian
corridor is often less than 50 feet wide, with houses and roads located within 100 feet of the stream,
and some limited bank armoring in places at the downstream end of this reach. The park areas contain
a predominantly deciduous canopy with a nonnative understory, while the downstream residential
segments are dominated by lawns and relatively sparse nonnative landscaping. There is little wood
that can be contributed to the stream from the riparian corridor.

Residential encroachment on Thornton Creek riparian area (photo by Bennett)

Portions of this reach are undergoing an extensive riparian enhancement program intended to remove
invasive species and reestablish native vegetation. Currently, the riparian corridor in this reach is of
moderate quality (Map 43).

Instream Habitat
The active channel width in this canyon reach ranges between 5 and 10 feet and averages about 8 or
9 feet. The channel is incised along the entire reach, although bank erosion is beginning to widen the
FKDQQHOZKLFKLVLQFUHDVLQJLWVFDSDFLW\WRFDUU\VWRUPÀRZV 6WRNHUDQG3HUNLQV (QFURDFKPHQW
particularly bank armoring in the upper canyon, has contributed to increasing channel incision and has
VHSDUDWHGWKHVWUHDPIURPLWVÀRRGSODLQ
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Habitat in this reach is rather low in quality, based on conditions observed during the 2000 habitat survey
(Map 43). Logs were added to the channel in Park 6 in 2005 (Map 45) and the associated habitat quality
has been improving, with some segments now containing higher-quality areas. The channel has an
DYHUDJHJUDGLHQWRIWRSHUFHQWZKLFKLVW\SLFDOO\VXLWHGWRIRUPLQJDSRROULIÀHFKDQQHOW\SH7KH
KDELWDWFRQVLVWVRISRRODUHDV SHUFHQW DQGULIÀHDUHDV SHUFHQW DOWKRXJKLQWKHUHZDVDKLJK
percentage of glide habitat (21 percent; Map 41). Pools in this reach have been formed by four culverts and
by the instream structure pieces (wood and boulders) that were added to the channel. The farthest upstream
VHJPHQWRIWKLVUHDFKLVWKHKLJKHVWLQTXDOLW\ZKHUHWKHVWUHDPÀRZVWKURXJKDORZJUDGLHQWIRUHVWHGSDUN
DUHD 3DUN ZKLFKSURYLGHVDFWLYHÀRRGSODLQFRQQHFWLRQVVKDGHDQGVRPHFKDQQHOVWUXFWXUH
Prior to the rehabilitation projects, the stream in this reach was actively incising in response to high
ÀRZVSDUWLFXODUO\LQWKHGRZQVWUHDPUHVLGHQWLDODUHDVZKHUHWKHVWUHDPLVFRQ¿QHGE\LQIUDVWUXFWXUH
yards, and bank armoring (Maps 40 and 42). One of the primary objectives of the 2005 rehabilitation
projects was to provide instream structure to prevent further channel incision and begin the process of
building the streambed with instream sediment storage. Although silt dominated this reach prior to
rehabilitation, sand and gravel now comprise the majority of the substrate. The pools created by the
DGGHGVWUXFWXUHVWHQGWRWUDS¿QHVHGLPHQWVKHOSLQJWRNHHSWKHJUDYHOLQGRZQVWUHDPULIÀHVUHODWLYHO\
IUHHRI¿QHVHGLPHQW 6WRNHUDQG3HUNLQV 
Rainbow and cutthroat trout have been documented in this reach up to the culvert under Fifth Avenue
1( :DVKLQJWRQ7URXW 7KHVHDUHSUREDEO\UHVLGHQWWURXWQRDGÀXYLDOFXWWKURDWWURXWIURP/DNH
Washington have been documented upstream of a full barrier located downstream at NE 107th Street
and 25th Avenue NE (McMillan 2005).

South Branch Canyon (TS04–TS02)
7KHPLGGOHUHDFKRIWKHVRXWKEUDQFKH[WHQGVIURPWKH9LFWRU\&UHHNFRQÀXHQFHWRWK$YHQXH1(
(Ravenna NE becomes 30th Avenue NE at the south branch). This reach is contained within an 8,000foot canyon (constituting 66 percent of the length of the south branch) that ranges from 30 to 100 feet
deep and from 40 to 100 feet wide (Stoker and Perkins 2005).
Between Lake City Way and Ravenna NE (TS02), the canyon widens and the channel gradient begins
to drop from just over 2 percent to 1.5 percent. As the south branch channel descends from the upland
SODWHDXWKHJUDGLHQWRIWKHFKDQQHOLQFUHDVHVDQGWKHFDQ\RQZDOOVFRQ¿QHWKHODWHUDOPRYHPHQWRIWKH
VWUHDP 0DS $ERXWIHHW SHUFHQW RIWKLVUHDFKLVRSHQFKDQQHO:LOORZ&UHHNDQG¿YH
other smaller tributaries join the south branch in this reach.

Riparian Habitat
&RQGLWLRQVLQWKLVUHDFKRIWKHVRXWKEUDQFKYDU\EHWZHHQWKHXSSHUVHJPHQWZKLFKÀRZVSUHGRPLQDQWO\
through park land (Park 2), and the lower segment, which courses through residential areas. The
park area (TS04) is dominated by native deciduous and coniferous forest with a predominantly native
composition of understory vegetation (Map 41). The riparian corridor ranges between 20 and 50 feet
through this upper segment, but can exceed 50 feet in some locations. The trees provide a good amount
of stream cover within this segment as well. While the uppermost section of this segment (TS04b) is
of moderate quality due to lawn and landscaping along one bank, the lower section (TS04a) is of high
riparian quality and has the best riparian habitat found along Thornton Creek.
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The downstream segments of this reach are more moderate in habitat quality. The riparian corridor is
dominated by landscaping and lawns, and contains many nonnative plants such as Himalayan blackberry
and English ivy, and to a lesser extent, Japanese knotweed and reed canarygrass. There is little riparian
canopy cover, averaging less than 25 percent. Houses and roads encroach within 100 feet of the stream,
sometimes as close as 20 feet, and bank armoring increases in downstream areas (Map 42).

Instream Habitat
The upper and lower segments of this reach
differ in their instream habitat conditions.
The upper segment (between 15th Avenue
NE and 18th Avenue NE) contains sections
RIFRQQHFWHGÀRRGSODLQWKDWDOORZWKHVWUHDP
to meander and shift locations (TS04). In
this area the stream is depositing sediment
in the channel, often in gravel bars at
meander bends, and the channel is widening
in response to increased runoff (Stoker and
Perkins 2005). The stream channel varies
between 5 and 20 feet in width, averaging 13
feet. The wider stream sections, such as the
section upstream of 15th Avenue NE, also
have low bank heights, promoting connection
EHWZHHQ WKH VWUHDP DQG ÀRRGSODLQ  7KHVH
FRQQHFWLRQV DOORZ ÀRRG ÀRZV WR VSUHDG
slowing the water velocity and reducing
bank and streambed erosion. While the
upper segment has some encroachment into
the stream corridor, encroachment is more
severe in the lower segments (TS03–TS02).

Bank stabilization along Thornton Creek (photo courtesy
Seattle Municipal Archives; photo by Toczek)

In the lower segments (TS03–TS02), the channel is mostly constructed, armored (53 percent), and
FRQ¿QHG 0DS ZLWKVWUHDPZLGWKUDQJLQJEHWZHHQDQGIHHWDQGEDQNKHLJKWVRIWRIHHW
,QUHVSRQVHWRKLJKHUÀRZVWKHORZHUVHJPHQWRI76KDVHURGHGLWVEHGDQGEDQNVDQGLVLQFLVHG
(Map 40). Incision, limited instream structure (consisting of wood, channel bars, and meander bends),
DQGKLJKÀRZYHORFLWLHVKDYHOHIWWKLVVHJPHQWZLWKDUHODWLYHO\WKLQOD\HURIXQVWDEOHVXEVWUDWH 6WRNHU
and Perkins 2005).
+RZHYHU WKH ORZHVW VHJPHQW LQ WKLV UHDFK 76  KDV D IHZ DUHDV ZLWK LQWDFW VWUHDP±ÀRRGSODLQ
connections. For example, there is a meander bend between NE 105th Place and NE 107th Street,
which is wide enough to have established a channel bar. The active channel width expands to about
15 feet at this location, and the stream banks are less than 2 feet in height. This is the location of a
proposed community project (the Maple Leaf reach project) planned to extend the widened section
RIWKHVWUHDPFKDQQHODGGZRRGDQGFUHDWHDIRRWÀRRGSODLQEHQFKWRGLVVLSDWHWKHHQHUJ\IURP
VWRUPÀRZV
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Instream habitat quality is high within the upper segment of this reach and moderate in the lower
VHJPHQWV 0DS :KLOHWKHJUDGLHQWRIWKHV\VWHPSURPRWHVDSRROULIÀHFKDQQHOW\SHWKLVUHDFKLV
GRPLQDWHGE\ULIÀHKDELWDW SHUFHQW6HDWWOH 3RROVFRPSULVHDSSUR[LPDWHO\SHUFHQWRIWKH
channel length, and glides occupy another 16 percent (Map 41). Pools are more frequent in the upper
segment, particularly in sections of the stream surrounded by undeveloped park land (TS04). The
pools, which range in depth from 1 to 4 feet, are formed by either large woody debris (on public land)
or constructed weirs (on private land). Almost 30 percent of the overall pool habitat is of relatively
high quality, with good hydraulic diversity and both instream and overwater cover. The downstream
VHJPHQWV 76±76 ODFNERWKLQVWUHDPVWUXFWXUHDQGÀRRGSODLQFRQQHFWLRQVZKLFKFDXVHVFKDQQHO
LQFLVLRQUHPRYHVVWUHDPEHGVXEVWUDWHVDQGFRQWULEXWHVWRKDELWDWVLPSOL¿FDWLRQLQUHVSRQVHWRKLJK
ÀRZV
$GXOW&KLQRRNVDOPRQFRKRVDOPRQDQGDGÀXYLDOFXWWKURDWWURXW IURP/DNH:DVKLQJWRQ DOOKDYH
been recorded upstream of Lake City Way. There is a full barrier located at NE 107th Street and 25th
$YHQXH 1( MXVW GRZQVWUHDP RI WKH FRQÀXHQFH ZLWK 9LFWRU\ &UHHN ZKLFK UHSUHVHQWV WKH XSVWUHDP
H[WHQWRIPLJUDWRU\¿VKXVH LHE\VDOPRQDQGDGÀXYLDOFXWWKURDWWURXW 

South Branch Alluvial Fan (TS01)
The farthest downstream reach of the Thornton south branch (TS01) extends 1,500 feet eastward from
WKHFRQÀXHQFHZLWK.UDPHU&UHHNWRWKHFRQÀXHQFHZLWKWKHQRUWKEUDQFKFRQVWLWXWLQJSHUFHQWRI
the south branch channel length. This reach has a low channel gradient of 1 percent.

Riparian Habitat

7KRUQWRQ&UHHNÁRZLQJDGMDFHQWWRSOD\ÀHOGV SKRWRFRXUWHV\
Seattle Municipal Archives; photo by Starstead)
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Historically, this reach was probably a
depositional area with a broad valley
and forested, riparian wetlands. Much
of this riparian corridor today is based
RQ ¿OO EURXJKW LQ WR SUHSDUH ODQG IRU
development within the stream valley.
There is little riparian forest along this
reach as vegetation has been replaced by
SDUNLQJ ORWV SOD\¿HOGV DQG KLJK VFKRRO
buildings. There is little to no understory
vegetation except where invasive Japanese
knotweed and Himalayan blackberry grow
along the banks of the stream. Lombardi
poplars planted along the south side of the
lower reach provide some canopy cover,
although their spacing is intermittent. The
riparian corridor averages less than 20 feet
and is of extremely low quality.
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Instream Habitat
Historically, the reduced gradient and presence of alluvial soils probably produced a meandering, split
ÀRZ RU HYHQ D EUDLGHG FKDQQHO ZLWK D ÀRRGSODLQ DQG FKDQQHO PLJUDWLRQ ]RQH IURP  WR VHYHUDO
KXQGUHGIHHWZLGH 6WRNHUDQG3HUNLQV 7KHÀRRGSODLQVWRUHGVHGLPHQWDQGZRRGDQGSURPRWHG
WKHIRUPDWLRQRIÀRRGSODLQZHWODQGV 6HDWWOH .UDPHU&UHHNWKHRQO\WULEXWDU\LQWKLVUHDFK
could have promoted diversity within the watercourse. Today, however, this reach has been extensively
¿OOHGDQGJUDGHGDQGWKHVWUHDPKDVEHHQVWUDLJKWHQHGWRDFFRPPRGDWHEXLOGLQJVEULGJHVSDUNLQJORWV
URDGVDQGSOD\¿HOGV,QVWHDGRIFKDQQHOPLJUDWLRQZLGWKVDSSURDFKLQJWRIHHWWKHFKDQQHOKDV
an average width of approximately 8 feet. The stream is completely disconnected from its surrounding
ÀRRGSODLQE\EDQNDUPRULQJFXOYHUWVDQG¿OO 0DS 
This reach of the south branch is incised and no longer functions as a depositional zone (Map 40).
Sediment deposition occurs around culverts but is often dredged to protect encroaching infrastructure.
The streambed is dominated by larger gravel with some cobble, and silt dominates the substrate in the
few slow-water areas.
7KHKDELWDWFRPSRVLWLRQLQWKLVUHDFKLVGRPLQDWHGE\IDVWZDWHUULIÀH SHUFHQW DOWKRXJKVORZ
water pools make up 20 percent of the available habitat (Map 41). The reach has six pools ranging in
depth from 1 foot to almost 4 feet, formed by failed bank armor that has fallen into the stream. The
failed bank armor and culverts provide the only instream structure for the entire reach. The farthest
downstream portion of the south branch is a 150-foot concrete-lined trough of low habitat quality
(Map 43).
7KLVUHDFKLVDFFHVVLEOHWRDQDGURPRXV¿VKDQGLVXVHGE\&KLQRRNVRFNH\HDQGFRKRVDOPRQDQG
DGÀXYLDOFXWWKURDWWURXW :KLWH 

South Branch Tributaries
7KHÀRZLQWKHVRXWKEUDQFKRI7KRUQWRQ&UHHNLVVXSSOHPHQWHGE\WKUHHODUJHUWULEXWDULHVDQGWKUHH
VPDOOHURQHV7KHFRQÀXHQFHORFDWLRQVZKHUHWULEXWDULHVMRLQWKHVRXWKEUDQFKKLVWRULFDOO\ZHUHKLJKO\
productive, dynamic areas within the watercourse (Seattle 2005). In a natural condition, a sediment
fan forms at the junction of tributaries and main stem streams because of the decreasing gradient and
width of the main stem valley. The sediment fan promotes the interchange of surface and subsurface
water, providing a complex mixture of water temperatures, upwelling and downwelling zones, and
nutrient introduction. The steep tributary valleys also contribute woody debris to the watercourse.
7RGD\KRZHYHULQFUHDVHGKLJKÀRZVLQWKH7KRUQWRQ&UHHNZDWHUFRXUVHRIWHQHURGHWULEXWDU\MXQFWLRQ
sediment deposits, and the majority of these junctions are armored and culverted (Seattle 2005), further
reducing the productivity of tributary junction habitats. Riparian and instream conditions in the three
ODUJHUWULEXWDULHV²9LFWRU\&UHHN:LOORZ&UHHNDQG.UDPHU&UHHN²DUHEULHÀ\VXPPDUL]HGLQWKH
subsections below.
Of the three major south branch tributaries, Kramer Creek and Willow Creek were found to contain
juvenile cutthroat trout in their lowest sections. Kramer Creek was also found to contain juvenile
FRKRDOWKRXJKLQVXEVWDQWLDOO\IHZHUQXPEHUV1R¿VKZHUHIRXQGLQ9LFWRU\&UHHNZKLFKKDVDVWHHS
JUDGLHQWDWWKHFRQÀXHQFH /DQW]HWDO 
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Victory Creek
The farthest upstream tributary, Victory Creek, originates on an upland plateau in what was once a wetland,
joining the Thornton south branch just south of NE Northgate Way. Today the basin of Victory Creek is almost
HQWLUHO\GHYHORSHGH[FHSWIRUDIHZSRFNHWSDUNVORFDWHGDORQJWKHVWUHDPFKDQQHO9LFWRU\&UHHNÀRZV
mostly in a simple armored channel through residential properties and under roads, with stream gradients of 1
to 3 percent. Ten outfalls enter the tributary. Combined, they drain the majority of the Victory Creek basin.
Erosion and channel downcutting in the lower section of Victory Creek illustrate how altered hydrologic
conditions are actively degrading the stream channel (Map 40). Houses and yards encroach along the
length of this tributary, with lawns and landscaping occupying most of the riparian corridor, except in
the lowest section which is dominated by invasive plant species (Maps 41 and 43).

Willow Creek

Restoration work along Willow Creek (south
branch of Thornton Creek; photo courtesy
Seattle Municipal Archives; photo by Toczek)

Willow Creek enters the Thornton south branch just
downstream of Lake City Way. The watershed conditions
in this tributary are similar to those in Victory Creek.
The Willow Creek headwaters originate in a low-lying
valley portion of the watershed that historically was
ZHWODQGKDELWDW7KHÀRZRI:LOORZ&UHHNWKHQSDVVHV
through residential neighborhoods and along Lake City
Way before discharging into the south branch. Where
the watercourse borders Lake City Way, the valley has
EHHQ ¿OOHG WKH FKDQQHO VWUDLJKWHQHG DQG WKH EDQNV
DUPRUHG  0XFK RI WKLV VHFWLRQ ÀRZV ZLWKLQ FXOYHUWV
that control the stream gradient, resulting in only slight
downcutting. Willow Creek drains a smaller area and
UHFHLYHV ÀRZ IURP IHZHU RXWIDOOV WKDQ9LFWRU\ &UHHN
Riparian areas are dominated by invasive plant species,
lawns, and landscaping; riparian trees and canopy cover
are lacking in most of the watercourse sections.

Kramer Creek
Kramer Creek and the other tributaries of the south branch have not been thoroughly surveyed. These tributaries
are steep (4 to 8 percent gradient) compared to the rest of the channel within the south branch basin, draining
down the valley walls. Historically these small tributaries were sources of sediment through landslide generation
and overall hillslope erosion, and they also formed important tributary junction habitat. Many of these tributaries
are heavily culverted or piped and therefore are no longer able to contribute sediment to the system.
Kramer Creek, the largest of the small tributaries, discharges into the depositional zone of the lower
reach of the Thornton Creek south branch. Kramer Creek drains a rather steep watershed consisting of
DERXWDFUHV7KHORZHVWVHFWLRQRI.UDPHU&UHHN 76.5 ÀRZVZLWKLQWKHORZJUDGLHQWYDOOH\
bottom and alluvial fan downstream of the north and south branch canyons. Completely channelized
DORQJWKHVWUHHWHGJHLQIURQWRIUHVLGHQWLDOSURSHUWLHVWKHWULEXWDU\RIWHQÀRRGVGXULQJVWRUPHYHQWV
Lawns are the only bank vegetation for most of Kramer Creek.
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North Branch of Thornton Creek
The north branch originates at the Ronald bog
Watercourse codes (also shown on the
in the City of Shoreline and is 5 miles in length,
watercourse maps) consist of two letters of
constituting 25 percent of the total Thornton
the watercourse name (TS for Thornton south
&UHHNFKDQQHOOHQJWK7KHQRUWKEUDQFKÀRZVLQ
branch) and the number of the stream segment,
starting with 01 at the mouth and increasing in
a southwesterly direction from Shoreline, under
WKHXSVWUHDPGLUHFWLRQ
Interstate 5, and through the Jackson Park golf
course, the Lake City Way commercial area, and
residential neighborhoods before joining the south branch near Nathan Hale High School. The north
branch has two major tributaries, Littles Creek and Littlebrook Creek, and two small tributaries.
7KHQRUWKEUDQFKRI7KRUQWRQ&UHHNLVGLYLGHGLQWRIRXUUHDFKHVEDVHGRQJUDGLHQWDQGYDOOH\FRQ¿QHPHQW

 The north branch headwaters (TN05–TN04), located upstream of Interstate 5 in the City of Shoreline
 The north branch within the Jackson Park golf course (TN03)
7KHQRUWKEUDQFKUDYLQHDQGDOOXYLDOIDQ

71±71 ZKLFKLQFOXGHVWKHFRQÀXHQFHZLWKWKH

south branch

 The north branch tributaries, Littles Creek and Littlebrook Creek (TN03.LI04–TN03.LI01).
North Branch Headwaters (TN05–TN04)
The headwaters reach of the Thornton Creek north branch is approximately 10,200 feet in length,
39 percent of the total length of the north branch, with about half (5,240 feet) contained within
culverts. It extends from the Ronald bog in the City of Shoreline to the outlet of the culvert under
Interstate 5, which borders the Jackson Park golf course in Seattle. Stream survey activities north of
the twin ponds were curtailed where the channel extends beyond city limits, although some habitat data
were collected.

Riparian Habitat
Similar to the south branch, the north branch originates on a rolling upland plateau with wetlands and
forested swales (Troost et al. 2005).

Instream Habitat
Prior to development, the 75- to 200-foot-wide upland plateau contained a meandering stream in a split
ÀRZDQGVRPHWLPHVEUDLGHGFKDQQHOODWHUDOO\FRQQHFWHGWRZHWODQGDUHDVDQGIRUHVWHGVZDOHV 7URRVW
HWDO6HDWWOH6WRNHUDQG3HUNLQV 0RVWRIWKHZHWODQGVDQGVZDOHVKDYHEHHQ¿OOHG
although some remnants exist. The Ronald bog and the twin ponds are both former peat deposits within
the City of Shoreline, currently functioning as in-line detention ponds. Remnant wetlands areas are
located just downstream of the twin ponds at Peverly Pond.
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The instream habitat throughout this headwaters reach is of poor quality (Map 43). Historically, the upper
FKDQQHOKDGURRPWRIRUPFKDQQHOEDUVDQGPHDQGHUEHQGVDQGEXLOGDÀRRGSODLQ 6WRNHUDQG3HUNLQV
 )LOOLQJFXOYHUWVDQGEDQNDUPRULQJQRZFRQ¿QHPRVWRIWKHFKDQQHOWRDZLGWKEHWZHHQDQG
20 feet; the active channel width averages 8 feet. Much of the channel is armored or is entrenched 3 to
IHHWEHORZUHPQDQWVRIWKHIRUPHUÀRRGSODLQH[FHSWZLWKLQWKHWZLQSRQGV)ORRGSODLQFRQQHFWLRQ
is limited along most of the channel.
7KHFKDQQHOLVGRPLQDWHGE\ULIÀHDQGJOLGHKDELWDWIRUDWOHDVWSHUFHQWRIWKHRSHQFKDQQHOOHQJWK
Pool habitat makes up about 18 percent of the open channel length, and most of this is located within
the twin ponds (Map 41). The majority of sediment in this reach comes from erosion of the banks and
FKDQQHOEHGDORQJZLWK¿QHVHGLPHQWVWKDWZDVKIURPWKHURDGVDQG\DUGV 6WRNHUDQG3HUNLQV 
7KLVKHDGZDWHUVUHDFKRIWKHQRUWKEUDQFKLVQRWXVHGE\PLJUDWRU\¿VKEHFDXVHGRZQVWUHDPEDUULHUV
prevent passage. Washington Trout (2000) found adult and juvenile rainbow trout upstream of NE
155th Street in the City of Shoreline, in the vicinity of a trout pond.

North Branch Golf Course (TN03)
This reach of the north branch is just over a mile in length (5,566 feet, for 22 percent of the north branch
FKDQQHOOHQJWK ,WEHJLQVMXVWXSVWUHDPRIWKH-DFNVRQ3DUNJROIFRXUVHDQGH[WHQGVWRWKHFRQÀXHQFH
with Littles Creek.

Riparian Habitat
Within the golf course, riparian conditions are dramatically different from conditions downstream of
the golf course. Within and upstream of the golf course in this segment (TN03c), nonnative plants,
turf, and landscaping make up the primary vegetation in the riparian zone. Himalayan blackberry is
the primary invasive plant, which dominates the stream bank, particularly along the segment parallel
to Interstate 5 upstream of the golf course. The riparian zone provides no canopy or shading over the
stream. Although there are few structures within 100 feet of the stream through this segment, there is
little vegetation other than lawn and golf course landscaping. The riparian habitat quality is poor in
this segment.
Downstream of the golf course (TN03b), riparian conditions improve with a mixed deciduous and
coniferous forest, shading the stream and riparian wetlands. Although pockets of invasive plant species
exist here, the majority of the valley bottom is dominated by native wetland and riparian plant species.
The riparian corridor averages over 50 feet in width, except where there are road crossings. The
riparian forest continues downstream of 10th Avenue NE with a mixed deciduous and coniferous forest,
although nonnative plants become more dominant in the understory. The steep surrounding ravine and
park prevent any encroachment by houses within 100 feet of the stream. Riparian habitat through this
segment is of moderate quality.
The lowest segment of this reach (TN03a), near the junction with Littles Creek, is of poor riparian
quality. The watercourse enters a multifamily residential development, where lawns surrounding the
stream and substantial amounts of bank armoring exist.
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Instream Habitat
Through the golf course reach, the Thornton north branch has a low gradient of near 1 percent
(Map 39). Historically, the valley bottom and channel migration zone were 100 to 350 feet wide with sand
and gravel substrates left behind by the glacier (Stoker and Perkins 2005). However, the stream valley has
EHHQPRGL¿HGE\JUDGLQJ¿OODQGH[FDYDWLRQLQPRVWRIWKLVUHDFKSDUWLFXODUO\LQWKHXSVWUHDPVHJPHQW
SDUDOOHOWR,QWHUVWDWHZKHUHWKHVWUHDPKDVEHHQVWUDLJKWHQHGDQGFRQ¿QHG7KHVWUHDPYDOOH\KHUHLVDERXW
40 feet in width, and the stream has incised into the valley 3 to 4 feet. Within the golf course, the channel is
wider and has some sinuosity, although the banks are hardened by riprap and the stream cannot migrate.
In the upstream segment, the channel is mostly eroding and degrading or has been locked into place
through bank armoring (Map 40). Gravel and sand are the dominant sediment types in the channel,
although there is little structure in the stream through the golf course to trap and store sediment. The
wider stream widths in the golf course, however, allow the stream to increase in size in response to high
ÀRZVPRGHUDWLQJHURVLRQRIWKHVWUHDPEHGDQGHQWUHQFKPHQWRIWKHFKDQQHO 6WRNHUDQG3HUNLQV 
$UPRUHGEDQNVQHDUWKHJROIFRXUVHIDLUZD\VUHVWULFWFRQQHFWLRQVEHWZHHQWKHVWUHDPDQGÀRRGSODLQDV
DUHVXOWKLJKÀRZVDUHFRQWDLQHGZLWKLQWKHDFWLYHFKDQQHOZKLFKLVIHHWLQZLGWK 0DS )RUWKH
most part, the stream in this upstream segment is not heavily encroached upon compared to other areas
of Thornton Creek, although roads and armoring affect this segment of the north branch.
5LIÀHVDQGJOLGHVGRPLQDWHWKHVWUHDPWKURXJKWKHJROIFRXUVHDQGLPPHGLDWHO\XSVWUHDP 0DS 
With little instream structure to prompt pool formation, the stream has rather simple habitat in this area.
Instream habitat quality is considered poor (Map 43).
Downstream of the golf course the north branch changes dramatically, entering a wetland and park
segment before the junction with Littles Creek. In this segment, the stream connects freely with its
ÀRRGSODLQDQGKDVDZLGWKLQH[FHVVRIIHHWSURPSWLQJZHWODQGVDQGGLYHUVHKDELWDW9DOOH\ZDOOV
FRQ¿QHWKHVWUHDPLQWKLVVHJPHQW
In contrast to the upstream segment of this reach, the highest-quality instream habitat in Thornton Creek
is found just downstream of the Jackson Park golf course, before the watercourse passes underneath
WK$YHQXH1( 71E ,QWKLVORZHUVHJPHQWWKHVWUHDPÀRZVWKURXJKXQFRQ¿QHGRSHQVSDFH
ZLWK DFWLYH FRQQHFWLRQV WR WKH ÀRRGSODLQ  7KLV LV WKH RQO\ VHJPHQW RI UHVWDELOL]HG FKDQQHO LQ WKH
entire Thornton Creek watercourse; the channel is not downcutting, widening, or aggrading, is not
HQWUHQFKHGDQGLVFRQQHFWHGWRWKHÀRRGSODLQ7KLVVHJPHQWKDVSRFNHWVRIIRUHVWHGULSDULDQZHWODQGV
that are hydrologically connected to the channel.
The conditions in this segment indicate how upstream areas may have functioned prior to development
of the golf course and surrounding watershed. This area formerly contained a mill and mill pond but
the stream was restored after timber harvesting ceased in the area. The current condition demonstrates
WKDWKLVWRULFDOO\GHJUDGHGDUHDVFDQEHUHVWRUHGWRJRRGTXDOLW\KDELWDWLIWKHVWUHDPLVJLYHQVXI¿FLHQW
room (Stoker and Perkins 2005).
Higher-quality conditions continue downstream into the narrow valley, where park designation has restricted
HQFURDFKPHQWQH[WWRWKHQRUWKEUDQFK,QVWUHDPFRQGLWLRQVEHJLQWRGHJUDGHDSSURDFKLQJWKHFRQÀXHQFH
with Littles Creek, as armoring and residential properties line the stream (Maps 41, 42, and 43).
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+DELWDWUHVWRUDWLRQDORQJQRUWKEUDQFKRI7KRUQWRQ&UHHN SKRWR
courtesy Seattle Municipal Archives; photo by Toczek)
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A series of barriers obstruct
DQDGURPRXVVDOPRQDQGDGÀXYLDO
trout access to habitat through
this reach. Resident cutthroat
trout are found as far upstream as
the golf course, and the warmer
waters of the golf course ponds
and adjacent stream contain
SXPSNLQVHHG VXQ¿VK  6RPH RI
the highest densities of juvenile
cutthroat trout found within the
north branch occur within this
reach (Lantz et al. 2006).

North Branch Ravine and Deposition Zone (TN02–TN01)
The north branch of Thornton Creek continues in a ravine after the junction with Littles Creek. The
ravine and deposition zone of the north branch extend about 1.8 miles, or 9,541 feet, constituting 38
percent of the Thornton north branch channel length.

Riparian Habitat
The riparian vegetation through this reach of the north branch is dominated by lawns and landscaping,
although pockets of deciduous and coniferous forest exist (Map 41). Nonnative plants also dominate
areas along the riparian corridor, including Himalayan blackberry, English ivy, and Japanese knotweed.
The riparian corridor is generally less than 50 feet wide, and in some places houses and other residential
structures encroach within 20 feet. The surrounding land uses are primarily single-family and
multifamily homes, and the riparian corridor is heavily fragmented with an intermittent canopy. The
riparian corridor also contains few trees or other vegetation to provide woody debris to the stream. The
riparian habitat quality within this reach is either poor or moderate (Map 43).

Instream Habitat
The north branch ravine (TN02), about 200 feet wide, runs for about 8,000 feet at gradients between 2
DQGSHUFHQW 0DS 7KHFKDQQHOWKURXJKWKHUDYLQHLVFRQ¿QHGE\HQFURDFKPHQWRIWRIHHW
About 1,500 feet before the north branch meets the south branch, the ravine opens into a sediment
depositional area caused by the wide valley and decreased gradient, less than 2 percent. The stream in
this lowest segment is straightened, armored, and constrained into a channel width between 8 and 10
feet.
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The channel is mostly eroding and degrading in this
VHJPHQW DV D UHVXOW RI WKH XQQDWXUDO FRQ¿QHPHQW
(Map 40). This segment contains a high degree of bank
armoring (54 percent), which restricts connections
EHWZHHQWKHVWUHDPDQGÀRRGSODLQOLPLWVEDUIRUPDWLRQ
and prevents channel migration (Map 42). Historically,
this area contained a channel migration zone between
50 and 150 feet wide (Stoker and Perkins 2005). High
ÀRZV FRXSOHG ZLWK D KLJK GHJUHH RI EDQN DUPRULQJ
have caused bed erosion. Throughout this reach the
stream has incised 3 to 6 feet within the ravine and 5
to 8 feet in the deposition zone below the surrounding
ÀRRGSODLQ7KHUHLVOLWWOHZRRG\GHEULVRURWKHUQDWXUDO
structure in the stream to store sediment and scour
pools, although a few constructed weirs control the
gradient of the stream.
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Restoration site along north branch of Thornton
Creek (photo courtesy Seattle Municipal
Archives; photo by Toczek)

In this reach the north branch channel is relatively homogenous and devoid of instream structure.
Although small sections within the reach display diverse local conditions, the stream in general is
GRPLQDWHGE\ULIÀHKDELWDWDQGSODQHEHGFKDQQHOFKDUDFWHULVWLFV 0DS $IHZDUHDVSURYLGHVRPH
diversity, such as a wide section of the stream between 20th and 22nd avenues NE, which has allowed
meander bends and instream gravel bars to form (Stoker and Perkins 2005). A small right bank landslide
just upstream of 20th Avenue NE also provides some diversity by supplying gravel to the channel. The
instream habitat within this section varies, ranking as either poor or moderate (Map 43).
3RUWLRQV RI WKLV UHDFK DUH DFFHVVLEOH WR PLJUDWRU\ ¿VK SDUWLFXODUO\ &KLQRRN FRKR DQG FXWWKURDW
(Map 44). Resident cutthroat trout are found throughout this reach, along with coast-range sculpin,
although sculpin occur only in low numbers (Lantz et al. 2006).

Littles Creek and Littlebrook Creek
The north branch of Thornton Creek has fewer tributaries than the south branch; the two primary
tributaries are Littles Creek and Littlebrook Creek. The lower segments of these tributaries have been
surveyed for instream and riparian conditions).
/LWWOHV&UHHNLVVLPLODULQFKDQQHOJUDGLHQWWRWKHQRUWKEUDQFK WRSHUFHQW ZLWKDSRROULIÀHVWUXFWXUH
The upper segment of Littles Creek (TN03.LI04) is located within an open-space area in the City of
6KRUHOLQH:LWKLQ6HDWWOHWKHPLGGOHVHJPHQWV 71/,DQG71/, FDUU\ÀRZWKURXJKPL[HG
land uses including multifamily residential neighborhoods and the Jackson Park golf course. The
ORZHVWVHJPHQWLQWKH/LWWOHV&UHHNWULEXWDU\V\VWHPZLWKDOHQJWKJUHDWHUWKDQIHHWLVFRQ¿QHGLQ
culverts (TN03.LI01; see Figure 27). Littles Creek is ranked as having poor instream quality, although
the riparian quality varies between poor and moderate. (Map 43).
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Littlebrook Creek is a steeper tributary, with channel gradients reaching 4 percent (Map 39). The upper
WZRWKLUGVRIWKLVWULEXWDU\DUHPRVWO\FRQ¿QHGLQFXOYHUWV7KHORZHUIHHWRIWKHZDWHUFRXUVHLV
SULPDULO\RSHQFKDQQHO7KHORZHUWULEXWDU\FKDQQHOLVFRQ¿QHGE\YDOOH\ZDOOVDQGHQFURDFKHGXSRQ
E\UHVLGHQWLDOGHYHORSPHQWDQGLQIUDVWUXFWXUH+LVWRULFDOO\WKHWULEXWDU\ZRXOGKDYHEHHQFODVVL¿HGDV
DIRUFHGSRROULIÀHPRUSKRORJ\EXWWRGD\WKHVWUHDPKDELWDWLVGRPLQDWHGE\ULIÀH SHUFHQW ZLWK
few pools (9 percent). Although much of the open-channel watercourse has a deciduous canopy, the
understory is dominated by invasive plant species. The instream and riparian habitat quality is ranked
as low (Map 43).
The lowest portions of Littlebrook Creek were found in a recent survey to contain juvenile cutthroat
WURXW1R¿VKZHUHIRXQGLQ/LWWOHV&UHHNEDUULHUVDUHSUHVHQWGRZQVWUHDPRIWKHFRQÀXHQFHRI/LWWOHV
Creek with the north branch (Map 44; Lantz et al. 2006).

Thornton Creek Main Stem
7KHPDLQVWHPRI7KRUQWRQ&UHHNH[WHQGVPLOHVRUIHHWIURPWKHFRQÀXHQFHRIWKHQRUWK
and south branches downstream to Lake Washington. The main stem passes through predominantly
residential areas before entering Lake Washington at Matthews Beach. The main stem channel has a
lower gradient than the rest of the system, at primarily less than 1 percent, and is a depositional area for
sediments transported from upstream.
The Thornton Creek main stem is used by Chinook, coho, and sockeye salmon; cutthroat trout; threeVSLQH VWLFNOHEDFN URFN EDVV SXPSNLQVHHG VXQ¿VK MXYHQLOH VXQ¿VK FRDVWUDQJH VFXOSLQ SULFNO\
sculpin; and lamprey (Lantz et al. 2006).
The main stem of Thornton Creek is divided into three reaches:

 The reach adjacent to Meadowbrook pond (TM04)
 The middle main stem (TM03)
 The lower main stem (TM02–TM01), including the stream mouth.
Meadowbrook Pond (TM04)

Meadowbrook Pond (photo by
Bennett)
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7KLV UHDFK H[WHQGV IURP WKH FRQÀXHQFH RI WKH 7KRUQWRQ QRUWK
DQG VRXWK EUDQFKHV WR WK $YHQXH 1( DQG ÀRZV DGMDFHQW WR
Meadowbrook pond, a detention pond with an associated highÀRZE\SDVVVWUXFWXUHLQVWDOOHGEHWZHHQDQG7KLVUHDFK
makes up about 15 percent of the total length of the main stem
 IHHW   +LVWRULFDOO\ WKLV DUHD ZDV D FRQÀXHQFH ]RQH ZLWK
high habitat values characterized by gravel deposition, channel
migration, and multiple stream channels (Barton and Booth 2002;
Perkins 2003; Stoker and Perkins 2005; Seattle 2005). The location
RIWKHFRQÀXHQFHSUREDEO\VKLIWHGDVWKHFKDQQHOPRYHGWKURXJK
time. Peat soils near the surface indicate former wetlands in the
area (Barton and Booth 2002; Perkins 2003).
179

City of Seattle State of the Waters 2007

Volume I: Seattle Watercourses

0HDGRZEURRN SRQG DQG LWV KLJKÀRZ E\SDVV VWUXFWXUH ZHUH FRQVWUXFWHG MXVW GRZQVWUHDP RI WKH
FRQÀXHQFHRIWKHEUDQFKHVWRGHWDLQZDWHUDQGWUDSVHGLPHQW7KLVSURMHFWZDVLQWHQGHGWRLPSURYH
GRZQVWUHDPZDWHUTXDOLW\UHGXFHGRZQVWUHDPÀRRGLQJDQGUHGXFHVHGLPHQWDFFXPXODWLRQDW0DWWKHZV
%HDFK 3HUNLQV :KHQVWUHDPÀRZVUHDFKFXELFIHHWSHUVHFRQG FIV W\SLFDORIDPRQWK
VWRUPHYHQWÀRZVDUHGLYHUWHGIURPWKHVWUHDPLQWRWKHSRQG$ERYHD\HDUVWRUPÀRZLVDOVR
diverted into a 72-inch bypass pipe leading to Lake Washington. The pipe is supplemented, when
QHFHVVDU\E\DKLJKÀRZGLYHUVLRQVWUXFWXUHWKDWDOVRWLHVLQWRWKHLQFKSLSH7KHKLJKÀRZE\SDVV
UHGXFHVWKHSUHGHYHORSPHQW\HDUÀRRGYROXPHGRZQVWUHDPRI0HDGRZEURRNSRQGE\DSSUR[LPDWHO\
one-third, greatly changing the Thornton main stem hydrology compared to the north and south branches
(Hartley and Greve 2005).

Riparian Habitat
The riparian zone is very narrow at the upstream end of this reach, with residential structures as close as
10 feet from the stream. Adjacent to Meadowbrook pond, the riparian corridor expands in width, although
the vegetation is dominated by lawns and landscaping. The stream through this reach lacks canopy cover.
The riparian habitat is moderate, as native plantings from restoration projects are taking hold (Map 43).

Instream Habitat
7KHZDWHUFRXUVHWKURXJKWKH0HDGRZEURRNUHDFKKDVEHHQDIIHFWHGE\H[WHQVLYHJUDGLQJDQG¿OOLQJ
DQGWKHFKDQQHOKDVEHHQVWUDLJKWHQHGDQGFRQ¿QHGWRRQHQDUURZSDUWRIWKHIRUPHUFKDQQHOPLJUDWLRQ
zone (Stoker and Perkins 2005). The majority of the reach is armored as well (Map 42). Despite these
alterations to the channel, this reach is rated among the highest-quality habitat in the system, offering
ULIÀHVZLWKORRVHJUDYHODQGDGMDFHQWSRROKDELWDW 0DS 7KHUHDFKKDVDKLJKSURSRUWLRQRISRROV
(44 percent), some of the deepest pools in the watercourse, and gravel as the dominant streambed
substrate. The average active width of the channel exceeds 12 feet, although the channel upstream of
WKHE\SDVVLQWDNHLVZLGHQLQJDQGH[FHHGVIHHWLQDUHDVZLWKDFWLYHÀRRGSODLQFRQQHFWLRQ
7KLVUHDFKLVHDVLO\DFFHVVLEOHWRDQDGURPRXVVDOPRQDVZHOODVUHVLGHQWDQGDGÀXYLDOWURXW7KHVWUHDP
WKURXJKWKLVUHDFKLVKHDYLO\XVHGE\VDOPRQLGVIRUVSDZQLQJSDUWLFXODUO\XSVWUHDPRIWKHKLJKÀRZ
bypass intake, and contains the highest density of Chinook redds within Thornton Creek (Map 44).

Middle Main Stem of Thornton Creek (TM03)
This reach extends from 39th Avenue NE to the
end of the NE 45th Street bridge, for 45 percent
of the total length of the main stem, or 3,314 feet.
Historically the stream meandered with multiple
channels and wetlands across the broad alluvial
ÀRRGSODLQLQWKHDUHD %DUWRQDQG%RRWK 
Floodplain connections are now limited along
almost the entire reach because of encroachment,
bank armoring, and channelization (Map 42;
Stoker and Perkins 2005).
180

A residence along Thornton Creek (photo by Bennett)
Part 4

Conditions in Thornton Creek

City of Seattle State of the Waters 2007

Volume I: Seattle Watercourses

Riparian Habitat
The riparian corridor in the middle reach of the Thornton Creek main stem is mostly dominated by lawns
and landscaping (Map 41). There are some sections of native understory that improve the quality of the
riparian corridor. The stream weaves between houses through this reach, maintaining a narrow corridor
between the stream and adjacent structures, often less than 20 feet. Riparian habitat quality is ranked as
moderate, mostly owing to the continuous, thin band of trees in the narrow riparian corridor.

Instream Habitat
A steady supply of coarse-grained sediment is lacking in this reach, as well as those downstream,
which exhibit similar thin streambed substrates seen in the majority of Thornton Creek (Stoker and
3HUNLQV /DQGVOLGHVGRQRWVXSSO\DVLJQL¿FDQWDPRXQWRIVHGLPHQWWRWKHPDLQVWHPPRVWRI
the sediment in the channel comes from erosion of the bed and banks (Barton and Booth 2002; Stoker
and Perkins 2005). Sediment production below Meadowbrook pond has been reduced under current
conditions to about one-third of the predevelopment production rate (Barton and Booth 2002). The
primary cause of this reduction in sediment load is probably not the current dredging of Meadowbrook
pond, because a wetland at the predevelopment location of the pond most likely acted as a natural
sediment trap (Barton and Booth 2002). Instead, bank armoring, streambed grade controls, and lack of
VWUHDPDFFHVVWRÀRRGSODLQJUDYHOKDYHUHGXFHG7KRUQWRQ&UHHN¶VRSSRUWXQLWLHVIRUQDWXUDODGMXVWPHQW
DQGEDQNHURVLRQVLJQL¿FDQWO\UHGXFLQJFRDUVHVHGLPHQWVRXUFHV %DUWRQDQG%RRWK6WRNHUDQG
Perkins 2005). As a result, this reach exhibits channel degradation (Map 40). Encroachment and
EDQNDUPRULQJLQPXFKRIWKLVUHDFKDOVROLPLWWKHVWUHDP¶VDELOLW\WRDGMXVWWRÀRZVDQGUHFUXLWEDQN
sediment (Map 42).
This reach has moderate instream habitat quality (Map 43). Although the stream is encroached upon
DQGFRQWDLQVDUPRUHGEDQNVWKHUHDFKKDVDSRROULIÀHFKDQQHOW\SH7KHFKDQQHODYHUDJHVEHWZHHQ
9 and 11 feet in width and 3 to 4 feet in depth (Stoker and Perkins 2005). About half of the instream
KDELWDWLVULIÀHZLWKSRROVRIPRGHUDWHVL]HDQGIUHTXHQF\EXWOLWWOHLQVWUHDPFRYHU 0DS 7KH
channel bed consists mostly of sandy gravel, with sections of exposed clay.
As with the Meadowbrook pond reach, this reach is freely accessible to anadromous salmon and
DGÀXYLDODQGUHVLGHQWWURXWDQGLVXVHGE\VDOPRQDQGWURXWVSHFLHVIRUVSDZQLQJDQGUHDULQJ

Lower Main Stem of Thornton Creek (TM02–TM01)
The lowest reach of Thornton Creek extends 2,799 feet, for 38 percent of the main stem length, from
45th Avenue NE to the stream delta in Lake Washington. The upper segment (TM02) contains an area
RIYDOOH\FRQ¿QHPHQWEHWZHHQWKDQGWKDYHQXHV1(ZKLFKLVXQLTXHZLWKLQWKHPDLQVWHPRIWKH
watercourse (Stoker and Perkins 2005). The lowest segment of the main stem (TM01) extends from
Maple Creek to the delta.
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Riparian Habitat
Riparian conditions vary between poor and moderate quality in this reach. The upper section (TM02b)
is dominated by invasive plants including Himalayan blackberry and Japanese knotweed (Map 41).
Residential buildings are closer than 20 feet to the stream in some places. Some trees provide a limited
canopy, although riparian habitat quality in this upper section is poor.
The watercourse enters a park with a narrow valley in the middle section (TM02a). Within the park,
the riparian community has a native coniferous and deciduous forest with moderate riparian quality
(Map 43). The riparian corridor contains a mostly deciduous canopy that provides stream cover.
Lawns and landscaping are the dominant riparian vegetation along the lowest segment of this reach
(TM01). Houses are located less than 20 feet from the stream banks, and bank armoring is present
along most of the segment. Riparian conditions in the lower segments are moderate, primarily because
of deciduous cover along the lowest segment of the watercourse, within Matthews Beach Park.

Instream Habitat
,QVWUHDPKDELWDWTXDOLW\LVPRGHUDWHLQWKHXSSHUVHJPHQWRIWKHUHDFK 70E ZLWKPRVWO\ULIÀHVDQG
glides, but improves to high quality as the watercourse enters the park near NE 95th Street (TM02a;
Map 41). The short section of stream located in these park lands has a small channel migration zone,
which is very limited within the main stem watercourse (Stoker and Perkins 2005). An eroding bank of
gravelly deposits on the left bank within the park provides a good source of gravel. The channel is still
VRPHZKDWLQFLVHGLQWKHSDUNDUHDEHFDXVHWKHVWUHDPODFNVVXI¿FLHQWDFFHVVWRÀRRGSODLQVHGLPHQW
and also lacks instream structure to trap and accumulate sediment. A number of culverts within this
reach also affect instream habitat.
The lowest segment of the main stem (TM01)
was the original Thornton Creek delta.
+LVWRULFDOO\ WKH EDFNZDWHU LQÀXHQFH IURP
Lake Washington extended about 1,500 feet
upstream of the present watercourse mouth
(almost up to NE 95th Street), prior to the
lowering of the lake level in 1917 (Stoker
and Perkins 2005). Historically, there was
D EURDG XQFRQ¿QHG VWUHDPEHGZLWK D ODUJH
FRPSOH[ ÀRRGSODLQ DQG D GHOWD DUHD DW OHDVW
450 feet wide (Seattle 2005; Stoker and
Perkins 2005).

Lower Thornton Creek, near the outlet to Lake
Washington (photo by Bennett)

7KLVUHDFKKDVEHHQKLJKO\PRGL¿HGE\WKHDGGLWLRQRIJUDGHFRQWUROV HJDIRUPHUUDLOOLQHURDGVDQG
culverts) and a concrete channel in the upper sections of the present delta (Map 40). The lower delta
ZDVVWUDLJKWHQHGDQGFRQ¿QHGE\EDQNDUPRULQJDQGKDVORVWLWVVHGLPHQWVXSSO\ 6WRNHUDQG3HUNLQV
2005). The stream has incised through the original delta, and the armored channel prevents the channel
from shifting or splitting to form productive delta conditions (Stoker and Perkins 2005).
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The lower segment of Thornton Creek is dominated by glide habitat (76 percent) and is of low instream habitat
quality (Map 43). Historically, this area of Thornton Creek was highly productive for both stream and lake
¿VKVSHFLHVRIIHULQJGLYHUVHKDELWDWLQDORZJUDGLHQWYDOOH\LQÀXHQFHGE\ODNHZDWHUOHYHOV 6HDWWOH 

Maple Creek
Maple Creek is a steep, multibranching tributary entering the lower main stem of Thornton Creek.
Historically it provided sources of wood, sediment, and nutrients and was a productive area due to the
DEUXSWJUDGLHQWFKDQJH 0DS 7KHHFRORJLFDODGYDQWDJHVRIWKHFRQÀXHQFHDUHDKDYHEHHQPRVWO\
lost, because the channel has been lined in concrete at the lower end. In contrast, the headwaters of
Maple Creek are forested and relatively pristine.

Use by Fish and Benthic Invertebrates

Fish Access
Historically, Thornton Creek was probably used by coho, Chinook, and kokanee (non-anadromous
sockeye) salmon, and both migratory and resident cutthroat and steelhead/rainbow trout (Trotter 2002).
&XUUHQWO\UHVLGHQWDQGDGÀXYLDOFXWWKURDWDQGUDLQERZWURXWDVZHOODVDQDGURPRXV&KLQRRNFRKR
and sockeye salmon, all spawn in Thornton Creek. There have also been single sightings of steelhead
and chum salmon in Thornton Creek (McMillan 2007).
Native nonsalmonid species that use Thornton Creek include peamouth chub, large-scale sucker, threespine stickleback, prickly sculpin, coast-range sculpin, lamprey, and long-nose dace (Lantz et al. 2006).
1RQQDWLYH¿VKVSHFLHVWKDWKDYHEHHQLQWURGXFHGWR7KRUQWRQ&UHHNHLWKHULQWHQWLRQDOO\RUXQLQWHQWLRQDOO\
LQFOXGHURFNEDVVSXPSNLQVHHGODUJHPRXWKEDVVDQGRULHQWDOZHDWKHU¿VK /DQW]HWDO 
Coho salmon are the most numerous salmonids using Thornton Creek. Based on carcass counts from
1999 through 2005, an average of about 33 adult coho spawn in Thornton Creek each year, with returns
varying widely (Table 42). Adult coho using the watercourse over that period were a combination of
ZLOGDQGKDWFKHU\¿VKZLWKWKHKDWFKHU\LQÀXHQFHUDQJLQJEHWZHHQDQGSHUFHQW
Table 42. Thornton salmon spawning survey results based on carcass and redd counts.

Year
1999
2000
2001
2002
2003
2004
2005

Chinook
Carcasses
Redds
2
2
4
3
3
6
6

3
6
4
0
3
6
0

Coho
Carcasses
Redds
7
94
70
17
5
7
29

2
32
32
11
6
19
15

Sockeye
Carcasses
Redds
0
9
18
11
3
7
1

0
17
13
2
0
3
1

Chum
Carcasses
Redds
0
0
1
0
0
0
0

0
0
0
0
0
0
0

Source: McMillan (2005); SPU unpublished data. Values in table are averaged between the two data sources.
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6RFNH\H UHWXUQV WR7KRUQWRQ &UHHN DYHUDJH VHYHQ ¿VK SHU \HDU DQG UDQJH IURP ]HUR WR  ¿VK SHU
year. Hatchery sockeye are released into the Cedar River, (which enters the southern end of Lake
Washington) as fry, which are too small to be marked; hence hatchery and wild sockeye cannot be
visually distinguished.
$GXOW&KLQRRNXVHRI7KRUQWRQ&UHHNLVORZUDQJLQJIURPWZRWRVL[¿VKDQQXDOO\&KLQRRNDGXOWV
XVLQJWKHZDWHUFRXUVHKDYHEHHQHYHQO\GLYLGHGEHWZHHQZLOGDQGKDWFKHU\¿VK
+DWFKHU\ ¿VK LQ WKH ZDWHUFRXUVH FRXOG EH HLWKHU ¿VK WKDW KDYH VWUD\HG ZKLOH HQ URXWH WR WKHLU QDWDO
KDWFKHU\RU¿VKUHOHDVHGLQWRWKHZDWHUFRXUVHDVIU\1XPHURXVUHOHDVHVRIYDULRXVVDOPRQDQGWURXW
species occurred between 1937 and 1999 as part of Washington Department of Wildlife programs, as
well as Salmon in the Classroom and other local community programs. It is likely that some small
releases of salmon still occur today.
Migratory cutthroat trout are the most abundant salmonid using Thornton Creek, with an average annual
DGXOWFRXQWRIRYHUOLYH¿VKRQWKHVSDZQLQJJURXQGV7KHVHWURXWDUHOLNHO\DOOZLOG¿VKVLQFH
cutthroat trout are no longer stocked in Thornton Creek.
$SSUR[LPDWHO\  PLOHV RI7KRUQWRQ &UHHN LV SRWHQWLDOO\ ¿VKEHDULQJ LQFOXGLQJ ERWK EUDQFKHV DQG
the lower segments of the Littles, Littlebrook, Willow, and Maple tributaries (Washington Trout 2000).
Manmade barriers at NE 107th Street and 12th Avenue NE on the south branch and at NE 115th Street
and 35th Avenue NE on the north branch restrict salmon migration to 67 percent of potential upstream
habitat. Cutthroat trout can proceed slightly farther upstream than salmon, but their distribution is
UHVWULFWHGE\EDUULHUVDWWKHFRQÀXHQFHRI9LFWRU\&UHHNRQWKHVRXWKEUDQFKDQGDW1(WK6WUHHWRQ
the north branch.
Spawning activity tends to be concentrated in slightly different areas, depending on the species. Chinook
redds from 2000 to 2005 have been concentrated in two locations. Approximately half of the Chinook
redds have been found in the stream adjacent to Meadowbrook pond. A smaller concentration of
&KLQRRNUHGGVKDVEHHQORFDWHGLPPHGLDWHO\GRZQVWUHDPRIWKH¿VKEDUULHULQWKHQRUWKEUDQFK DW1(
115th Street and 35th Avenue NE). Coho and sockeye salmon tend to spawn in the Meadowbrook pond
DUHDDQGQHDUWKH0DSOH&UHHNFRQÀXHQFH&XWWKURDWWURXWXVHPRVWRIWKHDFFHVVLEOHKDELWDWLQWKH
main stem and the north and south branches, except immediately upstream of the mouth of Thornton
&UHHNDWFXOYHUWVDQGLQFRQ¿QHGUHVLGHQWLDOVHFWLRQV
Spawning activity in Thornton Creek is typically concentrated in areas with gravel substrates near pools
that can provide holding areas for adults. Spawning areas are typically high in hydraulic diversity,
LQFOXGLQJ DUHDV DVVRFLDWHG ZLWK WULEXWDU\ FRQÀXHQFHV JUDYHO EDUV LQ VWUHDP PHDQGHU EHQGV DQG
WUDQVLWLRQVIURPFRQ¿QHGWRXQFRQ¿QHGVHFWLRQVRIVWUHDPFKDQQHO([FKDQJHEHWZHHQZHOOR[\JHQDWHG
surface water and cooler subsurface water is higher in these areas, producing zones of upwelling and
downwelling that spawning salmon prefer. Spawning densities appear to be greater in the north branch
than in the south branch or the main stem, probably because of the salmon barrier that restricts use of
the north branch to the lowest segments.
Smolt trapping is conducted annually in Thornton Creek to count the numbers of juvenile salmon
produced in the watercourse. The catches in Thornton Creek generally are rather low, particularly
compared with Bear Creek, a suburban tributary of the nearby Sammamish River. Thornton Creek
smolt catches, however, are much higher than those in Longfellow Creek.
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6PROWWUDSSLQJRFFXUVRYHUDIHZGD\VDQGWKHQXPEHURI¿VKFDXJKWDQQXDOO\YDULHVZLGHO\LQ7KRUQWRQ
&UHHN 7DEOH &XWWKURDWWURXWDUHWKHPRVWQXPHURXVVPROWVFDXJKWDYHUDJLQJMXVWRYHU¿VK
DQQXDOO\ZLWKDUDQJHRIVL[WR¿VKFDSWXUHGRYHUWKH\HDUVXUYH\SHULRG7KHDQQXDODYHUDJH
FRKRFDSWXUHVDUHDERXW¿VKSHU\HDUZLWKWKHDQQXDOFDWFKHVDOVRUDQJLQJZLGHO\IURP\HDUWR\HDU
&KLQRRNVPROWFDSWXUHVDUHJHQHUDOO\MXVWDIHZ¿VKHDFK\HDUDOWKRXJKRYHU&KLQRRNVPROWVZHUH
captured in the trap in 2004. These captures are probably the result of a release of Chinook smolts into
Thornton Creek rather than a result of 2003 redds in the watercourse.
7DEOH7KRUQWRQVDOPRQVPROWWUDSSLQJUHVXOWV±

Year
2000
2001
2002
2003
2004
2005
2006

Total Coho
Smolts

Total Cutthroat
Smolts

Total Chinook
Smolts

Number of
Sample Days

Coho per
Day

Cutthroat per
Day

5
37
89
98
14
9
11

6
637
120
405
210
32
61

0
0
2
2
309
1
0

5
8
9
12
25
11
15

1.0
4.6
9.9
8.2
0.6
0.8
0.7

1.2
79.6
13.3
33.8
8.4
2.9
4.1

Source: SPU Smolt Trapping Data 2000–2006.

7KHORZVPROWQXPEHUVLQ7KRUQWRQ&UHHNFRXOGEHDUHÀHFWLRQRISRRUUHDULQJKDELWDWDQGODFNRISRROVLQ
WKHVWUHDP,WLVOLNHO\WKDWVRPHMXYHQLOH¿VKDUHZDVKHGRXWRIWKHZDWHUFRXUVHE\KLJKÀRZVGXULQJVWRUP
events earlier in the year. Low spawning success could also be an issue for coho salmon due to coho prespawn
mortality. Thornton Creek had the highest average coho prespawn mortality rate (79 percent) among Seattle’s
salmon-bearing watercourses from 1999 through 2005 (Table 44). Despite these conditions, Thornton Creek
still produces higher numbers of coho smolts than other Seattle watercourses, including watercourses with
more returning coho adults, such as Longfellow Creek. The cause of coho prespawn mortality is not known,
but a combination of water quality, sediment quality, and other environmental factors is under investigation.
1RXQGHUO\LQJELRORJLFDOFDXVHV VXFKDVLQIHFWLRQGLVHDVHRUSDUDVLWHV KDYHEHHQLGHQWL¿HG
Table 44. Thornton coho female prespawn mortality.

Year

Number of
Spawned
Females

Number of
Unspawned
Females

Number of
Unknown
Spawning
Condition

Total
Number of
Female
Carcasses

Total Number of
Females of Known
Spawning
Condition

PSM
(%)

1999
2000
2001
2002
2003
2004
2005
Totals

2
4
2
1
0
0
4
13

0
29
9
4
2
1
5
50

0
11
19
2
0
2
5
39

2
44
30
7
2
3
14
102

2
32
11
5
2
1
9
63

–
90
82
80
–
–
56
79

PSM = prespawn mortality.
Sources: McMillan (2005); SPU unpublished data. Values in table are averaged between the two data sources.
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Benthic Invertebrates
SPU has collected benthic macroinvertebrate data every other year
since 1996 in Thornton Creek. Seven currently active sampling sites
DUH ORFDWHG QHDU WKH FRQÀXHQFHV RI PDMRU EUDQFKHV DQG WULEXWDULHV
on the main stem, and upstream and downstream of major stream
improvement sites. Additional sampling of benthic invertebrates at
three sites on smaller tributaries (Willows Creek and Littles Creek)
has been discontinued.
Thornton Creek benthic index (B-IBI) scores are very
poor, averaging 15 for the entire system and ranging
from 10 to 20 for 44 samples collected from 1994
WKURXJK 7DEOH $EXQGDQFHZDVVXI¿FLHQW
(exceeding 400 individuals) for a high level of
FRQ¿GHQFHWKDWWKHVDPSOHVDFFXUDWHO\UHSUHVHQWWKH
overall benthic community (see Appendix C).

Benthic index scores:
10–16
very poor
18–26
poor
28–36
fair
38–44
good
46–50
excellent

The number of individuals collected in an
LQYHUWHEUDWHVDPSOHLQÀXHQFHVWKHQXPEHURI
taxa counted because the more individuals
collected, the higher probability of detecting
DQHZWD[RQ7RDFFXUDWHO\PHDVXUHWD[D
ULFKQHVVDFRXQWVDPSOHLVSUHIHUUHG

Table 45. Thornton average benthic index scores.

Reach

Site ID

Collection Sites

Main Stem TM04

TM01

U/S Meadowbrook Pond

TM04

TM02

D/S Meadowbrook Pond

South Branch TS05b TS03

Park 6

TS03

TS02

U/S Lake City Way

TS01

TS01

Nathan Hale
Average for South Branch
U/S Golf Course (I-5)

North Branch TN03c TN02
TN03b

TN01

Tributaries
TN01.LI04
TS02.WI01
TS02.WI01

TL01
TW01
TW02/
TW03

Years Sampled
1999–2001, 2003,
2005
1996, 1998, 1999–
2001, 2003, 2005
Average for Main Stem
1999–2001, 2003,
2005
1998–1999, 2001,
2003, 2005
1994–1996, 2000

1998–2001, 2003,
2005
th
D/S Golf Course (10 Ave NE) 1999–2001, 2003,
2005
Average for North Branch
Littles Ck (NB) Paramount Pka 1998–2000
Willow Creek (SB) @ 91st Sta
Willow Creek tributary (SB)a

1998
1999–2001, 2003,
2005
Average for System

Average BIBI Score

Range

14.4

12–16

13.4

10–16

13.8
16

10–16
14–18

13

10–16

12
14
15

10–16
10–18
10–20

18.7

14–20

16.9
19

10–20
18–20

–
13

12
12-14

15

10–20

a

Discontinued sample site. U/S = Upstream. D/S = Downstream. SB = South Branch. NB = North Branch. I-5 = Interstate 5.
Source: SPU benthic index of biotic integrity data 1994–2004.
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All the sampling sites had benthic invertebrates
indicative of degraded conditions, including many
aquatic worms (Oligochaeta) and midge larva
(Chironomidae   7KH QXPEHUV RI PD\À\ VWRQHÀ\
DQGFDGGLVÀ\WD[DLQGLFDWRUVRIJRRGZDWHUTXDOLW\
were minimal. The dominance percentage was rather
high (70 to 80 percent), indicating that the system
is degraded compared to 40–50 percent dominance
typical in a more natural system. The diversity of
the benthic community is low in Thornton Creek,
with most species tolerant of degraded conditions.
3RRUZDWHUTXDOLW\FRQGLWLRQVKLJKVWUHDPÀRZVDQG
lower-quality riparian and instream habitat probably
contribute to the low benthic index scores. The lack
of coarse sediment may also reduce the productivity
of the benthic community in the watercourse.

Although none of the benthic index scores at any sites ranked higher than poor, there were notable
differences within the Thornton Creek watercourse. On average, the north branch had higher scores
(16.9) than the south branch (14) or the main stem (13.8). The scores were highest at the wetland
downstream of the Jackson Park golf course (18.7) and for Littles Creek (19). In the north branch,
macroinvertebrates indicative of poor conditions were not as common as in the other branches, and the
QXPEHUVRIWZRFRPPRQQHWVSLQQHUFDGGLVÀLHV Hydropsyche spp. and Parapsyche almota) increased
over the past 3 years, suggesting a possible improvement in stream conditions. Both Jackson Park and
Littles Creek had higher-quality instream habitat and riparian areas.
Park 6 on the south branch also
had higher scores (16) than the
rest of the south branch.
In
addition to benthic invertebrates
frequently found in Thornton Creek
overall, the south branch sites had
freshwater amphipods (Crangonyx),
planarians (Turbellaria), and leeches
(Hirudinea), also indicative of
degraded conditions.
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Key Findings for Small Watercourses
The small watercourses within Seattle include but are not limited to Mapes, Seola Beach, Puget, Yesler,
Fairmount, Madrona, Frink, Washington Park, Wolfe, Blue Ridge, Ravenna, and Schmitz creeks
and Licton Springs (Figure 33). These and many other unnamed urban watercourses do not support
populations of anadromous salmonids. These watercourses are surrounded by urban and residential
development, although the density of land use varies. A brief description of each watercourse location
follows.

 Mapes Creek is located in the southeastern area of Seattle, draining to Lake Washington.
 Seola Beach Creek is located at the southwestern boundary of Seattle, draining to Puget Sound.
 Puget Creek is located on the eastern side of West Seattle, draining to the Duwamish River.
 Yesler Creek is located in the central portion of Seattle near the neighborhoods of Maple Leaf,
Laurelhurst, and the University Village. The watercourse discharges to Lake Washington in Union
Bay.

 Fairmount Creek is located in the northeastern area of West Seattle, draining to Elliott Bay.
 Madrona Creek is located in the Madrona neighborhood, draining to Lake Washington.
 Frink Creek is located along the shore of Lake Washington, just north of the Interstate 90 bridge.
 Washington Park/Arboretum Creek is located in the Washington Park Arboretum, draining to Lake
Washington on the southern side of Union Bay.

:ROIH&UHHNLVORFDWHGLQWKH0DJQROLDQHLJKERUKRRGDQGKLVWRULFDOO\ÀRZHGLQWR6DOPRQ%D\,W
is now connected to the wastewater drainage system is conveyed to the West Point treatment plant.
This watercourse contains a heron rookery.



Blue Ridge Creek is a series of watercourses that drain the area just north of Shilshole Bay,
discharging into Puget Sound.



Ravenna Creek is located in the Maple Leaf and Ravenna neighborhoods, draining to Lake
Washington through University Slough in Union Bay.

 Schmitz Creek is located in the northwestern area of West Seattle, draining to Puget Sound in a
culvert off Alki Beach.

 Licton Springs is a set of springs located in the Greenwood neighborhood, just east of the headwaters
of Thornton Creek.
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Small Watercourses
in Seattle
The City
of Seattle

Puget
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Figure 33

Figure 33. Small watercourses in Seattle.
Part 4

Conditions in Small Watercourses

191

City of Seattle State of the Waters 2007

Volume I: Seattle Watercourses

Watershed and Stream Conditions
These smaller urban watercourses have not been intensely studied for their hydrology, water and
sediment quality, physical habitat, and use by biological communities. However, the limited information
available for these systems indicates that their conditions are similar to the larger Seattle watercourses,
based on similarities in land uses and urban impacts.
It is likely that most of the smaller watercourses experience degraded water quality, altered hydrology,
ÀRRGSODLQGLVFRQQHFWLRQORVVRIFRQQHFWLYLW\EHWZHHQXSVWUHDPDQGGRZQVWUHDPDUHDVGXHWRSDVVDJH
EDUULHUV ORVV RI ULSDULDQ YHJHWDWLRQ ODFN RI FKDQQHO FRPSOH[LW\ DEXQGDQFH RI ¿QH VHGLPHQWV DQG
absence of coarse sediments. Culverts and channel armoring are also common in these smaller
watercourses.

Use by Fish and Benthic Invertebrates

Fish Access
These small watercourses do not support anadromous salmon (unless they are stocked in the
ZDWHUFRXUVHV  DOWKRXJK VRPH FRQWDLQ WURXW DQG RWKHU ¿VK VSHFLHV  7KH PRXWKV RI VRPH RI WKH
watercourses, particularly those draining to Lake Washington, are used in a limited fashion by juvenile
salmon such as Chinook migrating through Lake Washington (Tabor et al. 2004, Tabor et al. 2006).
Culverts have been installed at the mouths of many of Seattle’s small watercourses, which could restrict
¿VKDFFHVVWRPRVWRIWKHVHVPDOOHUV\VWHPV7DEOHOLVWVWKH¿VKVSHFLHVIRXQGGXULQJUHFHQWVXUYH\V
in the smaller watercourses of Seattle.
Table 46. Fish species found in small Seattle watercourses during 2005 surveys.

Stream

Coho

Cutthroat

Rainbow
Trout

Stickleback

Arboretum
Hamm Creek –
9a
Lost Fork
Lower Discovery
Park
Mapes
Ravenna
9
a
Presence due to release of hatchery fish into stream.
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9
9

Species
Smallmouth Pumpkin
Bass
Seed
9

9

Brown
Bullhead

Goldfish

Koi

9

9

9

9
9
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Benthic Invertebrates
Mapes Creek, located in the southeastern part of the city and draining into Lake Washington, includes a benthic
invertebrate sampling site with 2 years of data. The benthic index (B-IBI) scores for these 2 years were 22
(poor) and 32 (fair) (see Appendix C). The sampling site is surprisingly rich in biota for a small watercourse
in such a densely populated area of the city. This may be attributed to the fact that the sampling site has larger
substrate than is usually available in Seattle watercourses, creating a more diverse habitat. Mapes Creek
also has the greatest number of taxa reported in Seattle watercourses, with 43 taxa represented in the benthic
VDPSOHFROOHFWHGLQ7KHUHZDVDQDEXQGDQFHRISODQDULDVFXGVDQGEODFNÀLHVEXWDOVRWKUHHNLQGVRI
ULIÀHEHHWOHV Cleptelmis addenda, Lara, and Optioservus DQGD¿QJHUQHWFDGGLVÀ\ Wormaldia) that was not
found in any other watercourse in Seattle. In addition, there were many clinger taxa, midges (some unique to
this site), and more predators than found at many other locations, indicating good habitat conditions.
Puget Creek is located on the eastern side of West Seattle
and drains to the Duwamish River. Benthic samples were
collected in Puget Creek annually from 1994 through 1999.
The benthic index scores were relatively consistent from
year to year (14 to 16), indicating very poor conditions. In
1999, the Puget Creek sample received its lowest score, 12,
DOWKRXJKWKHDEXQGDQFH LQGLYLGXDOV ZDVQRWVXI¿FLHQW
to meet the minimum threshold (i.e., greater than 400
individuals).

The number of individuals collected
LQDQLQYHUWHEUDWHVDPSOHLQÀXHQFHV
the number of taxa counted because
the more individuals collected, the
higher probability of detecting a
QHZWD[RQ7RDFFXUDWHO\PHDVXUH
taxa richness, a 400-count sample is
SUHIHUUHG

Washington Park/Arboretum Creek, draining to Union Bay in Lake Washington, was sampled once
for benthic invertebrates. Although the quantity of invertebrates collected in the sample was relatively
high for an urban system (4,750), the lack of diversity of the invertebrates collected indicate very poor
stream conditions (benthic index score of 12).
Ravenna Creek is located near the University of Washington and drains to Union Bay in Lake Washington.
Benthic samples were collected in Ravenna Creek annually between 1998 and 2001. The benthic index
scores averaged 16, with a range from 14 to 18. While these results show an improvement in conditions
over time from very poor to poor, the scores are of limited value because low numbers of invertebrates
ZHUHFROOHFWHG LHWRLQGLYLGXDOV DQGWKHDEXQGDQFHZDVQRWVXI¿FLHQWWRPHHWWKHPLQLPXP
threshold (i.e., greater than 400 individuals).
Schmitz Creek in West Seattle, which drains to Puget Sound from
Benthic index scores:
Alki Beach, has a 9-year record of benthic data. Overall benthic
10–16
very poor
index scores have ranged from 14 to 30 (very poor to fair.) This small
18–26
poor
watercourse, like Fauntleroy Creek, is not exposed to the high range
28–36
fair
RI ÀRZV VHHQ LQ VRPH RI WKH ODUJHU ZDWHUFRXUVHV  /LNH )DXQWOHUR\
38–44
good
46–50
excellent
benthic abundance was low in all sampled years at this site, making
the benthic index scores of limited value. The minimum threshold of
400 individuals was not collected in any year. The greater percentage of predators, low percentage of
tolerant taxa, and decent dominance percentage (33 percent) in Schmitz Creek (all indicators of good
habitat conditions) may be attributed to its small drainage area. On the negative side, the watercourse
KDVDORZDEXQGDQFHRIPDFURLQYHUWHEUDWHVDQGWKHPD\À\±VWRQHÀ\±FDGGLVÀ\WD[DQXPEHUVDUHDOVR
disproportionately low.
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Part 5 Watercourse Summary & Conclusions

Piper’s Creek (photo by Bennett)

Conditions in Seattle’s urban watercourses vary substantially, with similarities and differences among
the features that are functioning and those that are not. This chapter compares hydrology, water quality,
ULSDULDQDQGLQVWUHDPKDELWDWDQGELRORJLFDOFRQGLWLRQVDPRQJWKH¿YHPDMRUZDWHUFRXUVHVRI6HDWWOH
8QGHUVWDQGLQJ HFRORJLFDO FKDOOHQJHV SDUWLFXODUO\ WKRVH FKDOOHQJHV XQLTXH WR VSHFL¿F ZDWHUFRXUVHV
is important for implementing effective improvements. Truly improving stream conditions relies on
addressing the scale of the problem and implementing actions in the right combination and sequence.
)RUH[DPSOHKLJKDQGÀDVK\VWUHDPÀRZVDUHJHQHUDWHGE\ODQGXVHVWKURXJKRXWWKHZDWHUVKHGDQGDUH
DPDMRULQÀXHQFHRQLQVWUHDPKDELWDW,IDZDWHUFRXUVHKDVKLJKDQGÀDVK\ÀRZVDQGODFNVÀRRGSODLQ
connections, then simply adding woody debris to the stream may not generate pools or trap sediment
DQGPD\DFWXDOO\H[DFHUEDWHÀRRGLQJSUREOHPV,QVWHDGK\GURORJ\DQGÀRRGSODLQFRQQHFWLRQVPXVW
be addressed before the effectiveness of instream work can be maximized.
Figure 34 provides a visual summary of watercourse conditions in Fauntleroy, Longfellow, Taylor,
Thornton, and Piper’s creeks. Conditions are categorized as good, moderate, or poor based on primary
indicators, which are discussed further below. The intent of this summary is not to compare the
watercourses to one another, but rather to provide information on the existing challenges for ecological
health in Seattle watercourses. This information should help to inform planning for improvement
actions in terms of their scale, sequencing, and appropriateness. The chapter closes with a summary of
conclusions drawn from this study of Seattle watercourses.
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ND = No data; DO = dissolved oxygen; B-IBI = benthic index of biotic integrity.
Note: Conditions are relative to urban streams, not an absolute measure.

)LJXUH6XPPDU\RIZDWHUVKHGVFDOHDQGVWUHDPVFDOHFRQGLWLRQVZLWKLQ6HDWWOH¶V¿YH
major watercourses.

Stream Flow Summary
([LVWLQJ VWUHDP ÀRZ GDWD DV ZHOO DV K\GURORJLF PRGHOLQJ ZDV XVHG WR HVWLPDWH ÀRZ GLIIHUHQFHV
between forested watershed conditions and current watershed conditions in Seattle. The estimated
LQFUHDVHLQ\HDUVWRUPÀRZUDWHVDERYHWKRVHH[SHFWHGXQGHUIRUHVWHGFRQGLWLRQVLVFRPSDUHGDPRQJ
WKH¿YHPDMRUXUEDQZDWHUFRXUVHVLQ6HDWWOHLOOXVWUDWHGLQ)LJXUH
$V)LJXUHVKRZV7KRUQWRQ&UHHNKDVWKHVPDOOHVWLQFUHDVHLQWKHVL]HRI\HDUVWRUPÀRZLOOXVWUDWHG
as the average of the north and south branches of the watercourse. (The mouth of Thornton Creek is not
XVHGLQWKLVFRPSDULVRQEHFDXVHDE\SDVVDW0HDGRZEURRNSRQGUHPRYHVSHDNVWRUPÀRZVIURPWKH
ZDWHUFRXUVHDQGWKHUHIRUHSURYLGHVDQLQDFFXUDWHSLFWXUHRIÀRZVLQWKHZDWHUFRXUVH 
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Notes:
The factor increase is the increase in the 2-year storm event between the forested and current condition. For example, a factor
of 2 means that the stream flow during the 2-year storm event has doubled under current conditions compared to forested
conditions.
Thornton Creek has a bypass located at Meadowbrook pond that substantially reduces stream flow at the mouth during the 2-year
event due to the capacity of the bypass. As a result, an average of the factor increase at the junction of the north and south
branches was used, as they are immediately upstream of the bypass and more accurately reflect hydrology changes within the
stream system.

)LJXUH,QFUHDVHLQ\HDUVWRUPÀRZUDWHV IRUHVWHGFRQGLWLRQVUHODWLYHWRFXUUHQW

FRQGLWLRQV IRUHDFKPDMRUZDWHUFRXUVHLQ6HDWWOHPRGHOHGQHDUWKHPRXWK
/RQJIHOORZ&UHHNDQG7D\ORU&UHHNVKRZKLJKLQFUHDVHVLQWKH\HDUVWRUPÀRZFRPSDUHGWRIRUHVWHG
conditions in those watersheds. The long, narrow shape of the Longfellow watershed and its large
areas of impervious surface deliver water quickly to the watercourse during storms. Taylor Creek has
a smaller watershed, and the Taylor Creek hydrology is probably not as extreme as that of Longfellow
Creek, because the hydrology modeling tends to bias results in smaller watersheds. The increase in
Piper’s Creek is similar to the increases in the Longfellow and Taylor watersheds. Fauntleroy Creek is
WKHRQO\ZDWHUFRXUVHRWKHUWKDQ7KRUQWRQ&UHHNLQZKLFKWKH\HDUVWRUPÀRZLQFUHDVHGOHVVWKDQD
factor of 5 compared to forested conditions.
)RUWKHPRVWSDUWVWUHDPÀRZSUREOHPVDUHJHQHUDWHGE\XSODQGGHYHORSPHQWLQWKHZDWHUVKHGZKLFK
UHGXFHVLQ¿OWUDWLRQDQGGLUHFWVVWRUPZDWHULQWRGUDLQDJHSLSHVIRUGLUHFWGHOLYHU\WRWKHZDWHUFRXUVH)RU
Fauntleroy Creek, Piper’s Creek, and Taylor Creek, stormwater runoff is generated mostly from the plateau
areas above the stream ravines or at the upstream limits of the watercourses. In Longfellow Creek and
Thornton Creek, with larger watersheds and more moderate topography, stormwater runoff is generated
throughout their watersheds and is delivered to the streams and their tributaries in many locations.
+LJKDQGÀDVK\VWRUPZDWHUUXQRIIGRHV QRWRSHUDWHDORQHLQKRZ LWLQÀXHQFHVVWUHDPKDELWDW7KH
ÀRRGSODLQRIDVWUHDPKHOSVWRFRQWDLQDQGPRGHUDWHKLJKLQVWUHDPÀRZV,QDUHDVZKHUHDVWUHDP
LVFRQVWUDLQHGWRDQXQGHUVL]HGFKDQQHORUODFNVÀRRGSODLQFRQQHFWLRQVHYHQPRGHUDWHLQFUHDVHVLQ
VWUHDP ÀRZ FDQ GDPDJH KDELWDW DQG FDXVH ÀRRGLQJ RQ VXUURXQGLQJ ODQGV  )RU H[DPSOH 7KRUQWRQ
&UHHNZKLFKLVHVWLPDWHGWRKDYHWKHORZHVWLQFUHDVHLQVWUHDPÀRZGXULQJWKH\HDUVWRUPHYHQWLV
also among the most constrained and consequently contains some of the poorest habitat quality among
Seattle watercourses.
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:KLOHWKHÀRZUDWLQJSUHVHQWHGLQWKLVUHSRUWIRUHDFK6HDWWOHZDWHUFRXUVHLVEDVHGRQWKHIDFWRULQFUHDVH
LQWKH\HDUVWRUPHYHQWÀRZFRPSDUHGWRQDWXUDOIRUHVWHGFRQGLWLRQVDYDLODEOHK\GURORJ\GDWDDUH
somewhat sparse. A Science Framework for Ecological Health in Seattle’s Streams LGHQWL¿HVK\GURORJ\
metrics to use in long-term status and trend monitoring (Seattle Public Utilities and Stillwater Sciences
2007), which are better suited to comparisons than the analysis presented here. These ratings should be
updated as additional hydrology information becomes available.

Water Quality Summary

Longfellow Creek (photo by Bennett)

Water and sediment quality conditions in Seattle
urban watercourses have been evaluated by
comparing existing chemistry data to available
guidelines or standards, such as the Washington
state water quality standards, federal criteria,
relevant benchmarks, and the available sediment
quality criteria. These guidelines and standards
represent indicator levels that are protective
of aquatic organisms or human health. The
comparisons are summarized in Table 47.
In addition, the Washington Department of
Ecology has recently completed an assessment
of water quality in Washington water bodies
(FRORJ\   ZKLFK LGHQWL¿HV LPSDLUHG
water bodies as required under Section 303(d)
of the Clean Water Act. The 303(d) listings
for Seattle watercourses are summarized in
Table 48. A summary of these comparisons is
provided in the following subsections.

As noted previously, much of the water quality data presented in this report was collected and compiled
several years before the date of publication of this document. Appendix G provides this detailed—but
outdated—compilation of water quality data analyses. The main body of this report presents a summary
of that information with appropriate updates to changes in applicable regulatory standards. Readers
LQWHUHVWHGLQPRUHGHWDLOHGZDWHUTXDOLW\GDWDDQGDQDO\VHVFDQ¿QGWKHPLQ$SSHQGL[*

Dissolved Oxygen and Temperature
With the exception of Longfellow Creek and Thornton Creek, dissolved oxygen and temperature levels
in Seattle urban watercourses are generally good; less than 2 percent of the samples analyzed exceeded
state water quality criteria. Dissolved oxygen and temperature typically exhibit a seasonal trend of
higher temperatures and lower dissolved oxygen concentrations in the warm summer months. Figures
36, 37, and 38 illustrate this trend, using the long-term dissolved oxygen and temperature data from the
three Seattle watercourses with the longest periods of record (Piper’s, Longfellow, and Thornton).
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Aquatic Life Indicators
Temperature and dissolved oxygen
pH
Turbidity and total suspended solids
Nutrients
Toxic Pollutants
Ammonia
Metals
Organic compounds
Public Health Indicators
Fecal coliform bacteria
Metals
Organic compounds
Indicators in Sediment
Metals
Organic compounds

ND

Thornton Creek

Taylor Creek

Piper's Creek

Longfellow Creek

Fauntleroy Creek

Table 47. Summary of water quality conditions in Seattle watercourses.

ND

ND

ND

ND
ND

ND
ND

ND

ND

ND

ND

ND
ND

ND
ND

ND
ND

ND
ND

ND

Poor water quality, frequent exceedances of state water quality standards, federal recommended criteria, or benchmarks.
Potential water quality problem (e.g., 303d Category 2 listing; occasional exceedance of state water quality standard)
Adequate water quality based on existing data.
ND

Insufficient data available to evaluate.

Table 48. Summary of Clean Water Act Section 303(d) listings of impaired and threatened
watercourses in Seattle.

Fauntleroy Creek
Longfellow Creek
Piper’s Creek
Thornton Creek

Category 2
(Threatened)

Category 5
(Impaired)

–
Dissolved oxygen, temperature, pH
Turbidity (Venema Creek)
pH, mercury

Fecal coliform bacteria
Fecal coliform bacteria, dissolved oxygen
Fecal coliform bacteria a
Fecal coliform bacteria, temperature, dissolved oxygen

Source: Ecology 303(d) list query tool: http://www.ecy.wa.gov/PROGRAMS/wq/303d/2002/2002-index.html.
a.
Classified as category 4A for a water body with an approved TMDL. In 1992, EPA issued a programmatic total maximum
daily load (TMDL) for fecal coliform bacteria in Piper’s Creek based on the 1991 Watershed Action Plan.
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)LJXUH3LSHU¶V&UHHNGLVVROYHGR[\JHQ WHPSHUDWXUHOHYHOVPHDVXUHGQHDUWKHPRXWK

Figure 37. /RQJIHOORZ&UHHNGLVVROYHGR[\JHQ WHPSHUDWXUHOHYHOVPHDVXUHGDW6:<DQF\6WUHHW
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)LJXUH7KRUQWRQ&UHHNGLVVROYHGR[\JHQ WHPSHUDWXUHOHYHOVPHDVXUHGQHDUWKHPRXWK
Both Longfellow Creek and Thornton Creek frequently do not meet state water quality criteria for
temperature (17.5ºC and 16ºC, respectively) and dissolved oxygen (8 milligrams per liter [mg/L] and 9
mg/L, respectively) during the summer months. Temperature and dissolved oxygen excursions in these
two watercourses may be related to the lack of riparian vegetation throughout most of their lengths.
Longfellow Creek and Thornton Creek pass through private properties where their riparian zones are
largely unprotected. However, other urban watercourses in Seattle, particularly Piper’s Creek, Fauntleroy
Creek, and Taylor Creek, have retained a large degree of the riparian corridor, because the lower ends of
these watercourses typically pass through narrow, steep ravines that are largely undeveloped.

Turbidity and Suspended Solids
As shown in Table 49, particulate levels in Seattle urban
For the purposes of this report,
watercourses, as measured by turbidity and total suspended solids
the King County and Ecology
concentrations, are relatively low compared to stormwater runoff
samples are called non-storm
samples collected from four urban catchments in Seattle. Median
ÀRZVDPSOHVDQG638VDPSOHV
DUHFDOOHGVWRUPÀRZVDPSOHV
turbidity levels measured in Seattle watercourses ranged from
1.3 to 5.2 nephelometric turbidity units (NTU), and median total
suspended solids concentrations ranged from 2.1 to 5.7 mg/L, compared to 33 NTU and 51 mg/L in
urban stormwater. This difference is probably related to the timing of sampling events in the urban
ZDWHUFRXUVHV7KHVWUHDPGDWDJHQHUDOO\FRPHIURPURXWLQHPRQWKO\JUDEVDPSOHVDQGGRQRWUHÀHFW
VWRUPÀRZFRQGLWLRQVZKHQVROLGVWUDQVSRUWLQWKHZDWHUFRXUVHVZRXOGEHKLJKHU$GGLWLRQDODQDO\VLV
of rainfall conditions during the stream sampling events is needed to separate the historical data set into
VWRUPÀRZDQGQRQVWRUPÀRZVDPSOHVIRUEHWWHUFRPSDULVRQWRWKHXUEDQVWRUPZDWHUVDPSOHV
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7DEOH3DUWLFXODWHOHYHOVPHDVXUHGLQ6HDWWOHZDWHUFRXUVHVa

n
Longfellow Creek at SW Brandon St
Longfellow Creek at SW Yancy St
Piper’s Creek upstream of Venema
Venema Creek
Piper’s Creek near mouth
Thornton Creek near mouth
Fauntleroy Creek near mouth
Urban stormwater runoff b

170
221
203
205
249
402
15
68

Turbidity (NTU)
Range
Median
0.5–93
0.5–160
0.2–70
0.1–73
0.1–180
0.1–66
1.5–19
8–86

2.5
3.8
1.7
1.3
2.0
3.2
5.2
33

Total suspended solids (mg/L)
n
Range
Median
139
182
204
205
249
401
15
68

0.5–203
0.3–463
0.5–223
0.01–166
0.5–425
0.6–180
3–33
10–201

2.1
3.5
3.3
3.0
3.7
5.7
10
51

a

Routine monthly samples collected by King County (undated) and Ecology (undated).
Stormwater samples collected 2003–2005 from four urban catchments in Seattle (Taylor and Seattle Public Utilities 2005,
Tacoma and SPU unpublished).
NTU = nephelometric turbidity units.
mg/L = milligrams per liter.
b

For those watercourses where data are available (i.e., Longfellow Creek and Piper’s Creek), particulate
OHYHOV DUH VLJQL¿FDQWO\ KLJKHU GXULQJ VWRUP ÀRZ FRQGLWLRQV WKDQ GXULQJ QRQVWRUP FRQGLWLRQV  )RU
H[DPSOHPHGLDQWXUELGLW\OHYHOVUDQJHGIURPWR178LQVWRUPÀRZVDPSOHVFRPSDUHGWRWR
3.8 NTU in non-storm samples. Likewise, median total suspended solids concentrations ranged from
WRPJ/LQVWRUPÀRZVDPSOHVFRPSDUHGWRWRPJ/LQQRQVWRUPÀRZVDPSOHV7KHVH
VWRUPÀRZSDUWLFXODWHOHYHOVDUHPRUHFRQVLVWHQWZLWKWKHDYDLODEOHGDWDIRUXUEDQVWRUPZDWHUUXQRII
in Seattle.

pH Conditions
The pH levels in most Seattle watercourses are well within the range established by the state water
quality standards (6.5 to 8.5 pH units). Only Thornton Creek and Longfellow Creek have exhibited
pH levels outside the acceptable range, although these excursions have been infrequent. Over the 27year period of record, less than 1 percent of the samples collected in Thornton Creek were outside the
acceptable pH range, with the most recent excursion occurring in 2002 (pH 6.4). Similarly, only 3 to 6
percent of the samples collected in Longfellow Creek between 1992 and 2005 (at SW Brandon Street
and SW Yancy Street) failed to meet the state standard. The latest pH excursions occurred in 2000 at
the Yancy station (pH 8.7), and in 1998 at the Brandon station (pH 6.2). The Department of Ecology
included both watercourses on the Clean Water Act Section 303(d) list of threatened and impaired water
bodies under category 2 (a water body of concern) for pH.

Fecal Coliform Bacteria
All of Seattle’s major watercourses frequently exceed Washington state water quality standards for
fecal coliform bacteria. Fecal coliform levels vary over a wide range (from 5 to 39,000 colony-forming
units per 100 milliliters [cfu/100 mL]) but show no distinct historical trends over the 18- to 32-year
periods of record.
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)RU WKRVH ZDWHUFRXUVHV ZKHUH ERWK VWRUP ÀRZ DQG QRQVWRUP ÀRZ GDWD DUH DYDLODEOH /RQJIHOORZ
&UHHNDQG3LSHU¶V&UHHN IHFDOFROLIRUPOHYHOVDUHFRQVLVWHQWO\KLJKHUGXULQJVWRUPÀRZFRQGLWLRQV
FRPSDUHGWRURXWLQHPRQWKO\VDPSOHVWKDWUHSUHVHQWPRVWO\QRQVWRUPÀRZFRQGLWLRQV WKHJHRPHWULF
PHDQVIRUVWRUPÀRZVDPSOHVUDQJHIURPWRFIXP/FRPSDUHGWRWRFIX
P/LQQRQVWRUPÀRZVDPSOHV 6XPPDU\GDWDIRUDOOVWDWLRQVPRQLWRUHGDUHSURYLGHGLQ7DEOH
Table 50. Fecal coliform bacteria levels measured in Seattle watercourses.

Location
Longfellow Creek at SW Brandon St
Longfellow Creek at SW Yancy St
Piper’s Creek upstream of Venema
Venema Creek
Piper’s Creek near mouth
Thornton Creek near mouth
Fauntleroy Creek near mouth

Years of
Record
27
27
18
18
18
32
1

Fecal Coliform Bacteria (cfu/100 mL)
Annual Geometric
Mean a
Minimum
Maximum
10
9
11
5
23
28
23

39,000
25,000
37,000
9,700
14,000
31,000
390

43–92
100–1,100
76–530
15–57
190–630
480–1,200
87

Sources: King County (undated) and Ecology (undated).
a
Annual geometric means calculated for the period 1996–2005.
cfu/100 mL = colony-forming units per 100 milliliters.

Metals
Available data indicate that metals concentrations in Seattle watercourses are generally low. Although
the human health criterion for arsenic is frequently exceeded, the aquatic life chronic and acute toxicity
criteria are seldom exceeded.
)RXURIWKHSULRULW\SROOXWDQWPHWDOVKDYHEHHQLGHQWL¿HGDVSRWHQWLDOPHWDOVRIFRQFHUQLQ6HDWWOH¶V
urban watercourses:

 Dissolved copper (7 percent of samples exceeded the acute toxicity water quality criterion, and 26
percent of samples exceeded the chronic toxicity criterion, in Piper’s Creek)

 Dissolved lead (4 percent of samples exceeded the chronic toxicity criterion in Piper’s Creek, and
6 percent of samples exceeded the chronic toxicity criterion in Thornton Creek)

 Almost all total arsenic samples exceeded the human health criterion for all four watercourses with
available data (Fauntleroy Creek, Longfellow Creek, Piper’s Creek, and Thornton Creek)

 Total mercury had 13 percent of samples exceeding the chronic toxicity criterion in Fauntleroy
Creek, and 7 percent exceedance in Thornton Creek. One of one sample in Piper’s Creek also
exceeded the criterion.
Thornton Creek is on the 303(d) list of threatened and impaired water bodies for mercury, in category
2 (a water body of concern).
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In general, meaningful comparisons of metals concentrations among Seattle watercourses are limited
E\VHYHUDOYDULDEOHIDFWRUVLQFOXGLQJWKHKLJKO\ÀRZGHSHQGHQWQDWXUHRIWKHUHVXOWVWKHLQFRQVLVWHQW
period of record for the data sets, the high number of undetected results, and the sampling frequency.
The low number of data points is particularly problematic.
Within those limitations, a series of box and whisker plots is presented below to provide comparisons for the
four potential metals of concern: dissolved copper, dissolved lead, total arsenic, and total mercury. Each box and
whisker plot (see Part 3 for explanation of plots) combines all sample results for all stations in each watershed.

7KHJHQHUDOWUHQGLQPHWDOVZDWHUTXDOLW\GDWDLVUHÀHFWHGLQ)LJXUHWKDWLVEDVHGRQGLVVROYHG
FRSSHUUHVXOWVGXULQJQRQVWRUPÀRZFRQGLWLRQV)DXQWOHUR\&UHHNDQG/RQJIHOORZ&UHHNWHQGWR
have better water quality than Piper’s Creek and Thornton Creek. The large spread for Longfellow
Creek is attributed to the difference in the two stations. Station C370, which had a median dissolved
copper concentration of 4.5 micrograms per liter (μg/L), is located downstream of station 0 9J090,
which had a median dissolved copper concentration of 1.2 μg/L.

 )RU WKH ZDWHUFRXUVHV ZLWK VWRUP ÀRZ GDWD DYDLODEOH

/RQJIHOORZ &UHHN DQG 3LSHU¶V &UHHN
)LJXUH WKHGLVVROYHGFRSSHUFRQFHQWUDWLRQVDUHKLJKHUXQGHUVWRUPÀRZFRQGLWLRQVWKDQXQGHU
QRQVWRUPÀRZFRQGLWLRQV

7KHJHQHUDOWUHQGLQPHWDOVZDWHUTXDOLW\GDWDFRQWLQXHVWREHUHÀHFWHGLQ)LJXUHWKDWLVEDVHG
RQ GLVVROYHG OHDG UHVXOWV GXULQJ QRQVWRUP ÀRZ FRQGLWLRQV )DXQWOHUR\ &UHHN DQG /RQJIHOORZ
Creek tend to have better water quality than Piper’s Creek and Thornton Creek. Dissolved lead
FRQFHQWUDWLRQV DUH VLJQL¿FDQWO\ KLJKHU XQGHU VWRUP ÀRZ FRQGLWLRQV WKDQ XQGHU QRQVWRUP ÀRZ
conditions, exhibiting patterns similar to those shown in Figure 40.

 7RWDODUVHQLFFRQFHQWUDWLRQVGXULQJQRQVWRUPÀRZFRQGLWLRQVH[FHHGHGWKHKXPDQKHDOWKFULWHULRQRI
J/LQDOOZDWHUFRXUVHV )LJXUH 7RWDODUVHQLFGDWDDUHDYDLODEOHXQGHUVWRUPÀRZFRQGLWLRQV
IRU3LSHU¶V&UHHN7KHUHLVQRVLJQL¿FDQWGLIIHUHQFHEHWZHHQQRQVWRUPDQGVWRUPÀRZFRQGLWLRQV

7RWDOPHUFXU\FRQFHQWUDWLRQVXQGHUQRQVWRUPÀRZFRQGLWLRQVVKRZWKHRSSRVLWHWUHQGFRPSDUHG
to other metals, with Fauntleroy Creek having higher concentrations compared to Longfellow and
Thornton creeks (Figure 43).



Dissolved zinc (Figure 44) further illustrates the general water quality trend among sampling
stations. Dissolved zinc tends to be a good indicator, because it is usually found in concentrations
well above the reporting detection limit and is very mobile.

Nutrients
Total nitrogen and total phosphorus levels measured in Seattle watercourses frequently exceed available
ZDWHU TXDOLW\ EHQFKPDUNV IRU QXWULHQWV SDUWLFXODUO\ GXULQJ VWRUP ÀRZ FRQGLWLRQV  )RU H[DPSOH
total nitrogen concentrations exceeded the level established by U.S. EPA (2000) for streams that are
minimally affected by human activities (i.e., 0.34 mg/L) in 100 percent of the stream samples.
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Figure 39. Comparison of dissolved copper concentrations in Seattle watercourses during

QRQVWRUPÀRZFRQGLWLRQV

Figure 40. Comparison of dissolved copper concentrations in Seattle watercourses during

VWRUPÀRZFRQGLWLRQV
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Figure 41. Comparison of dissolved lead concentrations in Seattle watercourses during

QRQVWRUPÀRZFRQGLWLRQV

Figure 42. Comparison of total arsenic concentrations in Seattle watercourses during non
VWRUPÀRZFRQGLWLRQV
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Figure 43. Comparison of total mercury concentrations in Seattle watercourses during

QRQVWRUPÀRZFRQGLWLRQV

Figure 44. Comparison of dissolved zinc concentrations in Seattle watercourses during

QRQVWRUPÀRZFRQGLWLRQV
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Similarly, 12 percent of the stream samples exceeded the benchmark for total phosphorus used in this
analysis (i.e., 0.1 mg/L), which is based on a goal established by U.S. EPA (1976) to prevent nuisance
plant growth in streams that do not discharge directly to lakes or reservoirs. If the lower limit for total
phosphorus established by U.S. EPA in 2000 (i.e., 0.0195 mg/L for streams that are minimally affected
by human activities) were used as a benchmark in this analysis, the majority of samples collected
from Seattle’s urban watercourses would exceed the goal. However, ammonia-nitrogen levels were
consistently below toxic levels in all Seattle urban watercourses.
In general, comparing nutrient concentrations among watercourses is limited by the inconsistent period
of record for the data sets, the high number of undetected results, and the sampling frequency. Based on
WKHVHOLPLWHGGDWD)LJXUHVWKURXJKSURYLGHFRPSDULVRQVRIDOOGHWHFWHGQXWULHQWUHVXOWVIRUWKH¿YH
major watercourses, combining all sample results for all stations, in the form of box and whisker plots.

Figure 45. Comparison of ammonia concentrations in Seattle watercourses during non-storm

ÀRZFRQGLWLRQV

)LJXUH&RPSDULVRQRIDPPRQLDFRQFHQWUDWLRQVLQ6HDWWOHZDWHUFRXUVHVGXULQJVWRUPÀRZ
conditions.
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Figure 47. Comparison of total nitrogen concentrations in Seattle watercourses during

QRQVWRUPÀRZFRQGLWLRQV

Figure 48. Comparison of total phosphorus concentrations in Seattle watercourses during

QRQVWRUPÀRZFRQGLWLRQV
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Figure 49. Comparison of total phosphorus concentrations in Seattle watercourses during

VWRUPÀRZFRQGLWLRQV

Organic Compounds
Information on organic compounds in Seattle watercourses is very limited. The U.S. Geological
Survey found low levels (0.013 to 0.16 mg/L) of some pesticides (2,4-D, 2,6-dichlorobenzmide,
atrazine, dichlobenil, MCPA, mecoprop, pentachlorophenol, prometon, simazine, tebuthiuron,
trichlorpyr, carbaryl, diazinon, and 4-nitrophenol) in a stormwater sample collected in 1998 from
Thornton Creek (Voss and Embrey 2000). Low levels (0.03 to 0.35 mg/L) of 2,4-D, acetochlor,
dicamba, dichlobenil, dichlorprop, MCPA, mecoprop, pentachlorophenol, prometon, trichlorpyr, and
diazinon were also found in a stormwater sample collected from Longfellow Creek in 1998 (Voss
and Embrey 2000).
However, with the exception of diazinon, these concentrations were below reported toxic effect levels
for aquatic organisms. The U.S. EPA canceled diazinon product registrations and restricted the sale of
this pesticide to existing stock. As a result, diazinon concentrations should begin to decline as existing
stocks are depleted.
Low levels (0.9 to 9.1 μg/kg) of several organochlorine pesticides (dieldrin, chlordane, DDD,
DDE, DDT, and methoxychlor) have also been found in streambed sediment collected near the
mouth of Thornton Creek (MacCoy and Black 1998). Freshwater sediment standards have not been
established in Washington state, but these concentrations of DDD and DDE exceed the threshold effect
level set by the interim Canadian sediment quality guidelines, and the DDD concentration also exceeds
the probable effects level.

210

Part 5

Summary and Conclusions

City of Seattle State of the Waters 2007

Volume I: Seattle Watercourses

Habitat Summary

Riparian Habitat
7KHH[WHQWRIKLJKTXDOLW\PRGHUDWHTXDOLW\DQGORZTXDOLW\ULSDULDQKDELWDWZDVH[DPLQHGIRUWKH¿YH
major Seattle watercourses (Figure 50). Piper’s Creek and Taylor Creek have a high percentage of highquality riparian habitat, with over 60 percent of those watercourses bordered by mature forest. They
also lack large areas of low-quality riparian habitat. Fauntleroy Creek has a fairly even distribution of
high-quality, medium-quality, and low-quality riparian habitat. Longfellow Creek and Thornton Creek
are dominated by low-quality riparian corridors, with little high-quality riparian habitat.

80%
70%
60%

High
Medium
Low

50%
40%
30%
20%
10%
0%
Fauntleroy

Longfellow

Piper's

Taylor

Thornton

)LJXUH3HUFHQWDJHVRIKLJKPRGHUDWHDQGORZTXDOLW\ULSDULDQKDELWDWLQHDFKPDMRU
Seattle watercourse.
High-quality riparian habitat is generally characterized by mature, mixed coniferous and deciduous
forest that exists in a wide band around the stream, providing shade, woody debris, and natural nutrients
WRWKHVWUHDPDVZHOODVRIIHULQJEDQNVWDELOLW\DQGVWRUPZDWHUUXQRII¿OWUDWLRQ+LJKTXDOLW\DUHDV
within Seattle tend to be found in parks, in particular, the large park lands in Carkeek Park (Piper’s
Creek), Lakeridge Park (Taylor Creek), and Fauntleroy Park (Fauntleroy Creek). The park land use
allows riparian corridors to be wide, exceeding 200 feet in some locations, and stewardship of park
lands helps to control invasive plant species and support native trees and shrubs.
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Low-quality areas are dominated by invasive plants such as Himalayan blackberry and English ivy,
lawns, and ornamental landscaping. Often roadways, houses, and other buildings are located close
to a stream, sometimes within 10 feet, restricting the width and growth of a native forest. As a result,
riparian areas are highly fragmented, if they exist at all, and cannot supply the stream with consistent
VKDGLQJQXWULHQWVEDQNVWDELOLW\RU¿OWUDWLRQ
Low-quality riparian habitat tends to dominate in residential and commercial areas. For example,
Longfellow Creek and Thornton Creek are mostly bordered by residential land uses, which has led
to encroachment along those streams and conversion of riparian forests to other uses (e.g., lawns,
roads, and buildings). Similarly, low-quality riparian areas along the other three major watercourses
in Seattle—Taylor Creek, Piper’s Creek, and Fauntleroy Creek—are found along residential stream
sections, outside the park areas. The pattern of land use and habitat conditions within all watercourses
LOOXVWUDWHWKDWODQGXVHVDGMDFHQWWRXUEDQVWUHDPVVLJQL¿FDQWO\DIIHFWWKHTXDOLW\RIULSDULDQKDELWDW
Watershed topography has played an important role in urban development patterns, determining the
extent of stream encroachment and resulting impacts on habitat quality. Steep ravines have limited
development in certain riparian areas along Piper’s Creek, Taylor Creek, and Fauntleroy Creek. Less
VWHHSDUHDVLQWKRVHZDWHUVKHGVDOVRH[LVWQHDUWKHFRQÀXHQFHRI7D\ORU&UHHNZLWK/DNH:DVKLQJWRQ
DWWKHFRQÀXHQFHRI)DXQWOHUR\&UHHNZLWK3XJHW6RXQGDQGLQWKHKHDGZDWHUSODWHDXVRI3LSHU¶V&UHHN
DQG7D\ORU&UHHN7KHVHÀDWDUHDVWHQGWRKDYHXUEDQHQFURDFKPHQWDQGSRRUKDELWDWFRQGLWLRQVVLPLODU
to most areas of Thornton Creek and Longfellow Creek. Delridge Valley, containing Longfellow
&UHHNLVUHODWLYHO\ÀDWFRPSDUHGWRWKHFKDQQHOVRI3LSHU¶V&UHHN7D\ORU&UHHNDQG)DXQWOHUR\&UHHN
facilitating development along the Longfellow corridor. The only high-quality habitat within Delridge
Valley is located on public land, within the West Seattle golf course.

Instream Habitat
The quality of instream habitat and riparian habitat follow slightly different distribution patterns in the
¿YHPDMRUXUEDQZDWHUFRXUVHV )LJXUH 



Piper’s Creek and Taylor Creek have high amounts of both low- and high-quality instream
habitat.

 Fauntleroy Creek and Longfellow Creek have relatively equal amounts of low-, medium-, and
high-quality habitat.

 Thornton Creek is dominated by high amounts of low-quality habitat.
Instream habitat in Piper’s Creek and Taylor Creek mostly falls into the high-plus-low quality pattern,
with little medium-quality habitat. This pattern is attributed to the park lands, where riparian habitat
TXDOLW\LVKLJKDQGHQFURDFKPHQWLQWRWKHVWUHDPÀRRGSODLQVLVOLPLWHG3RRUKDELWDWFRQGLWLRQVLQWKHVH
two watercourses are found outside the park lands.
The Fauntleroy and Longfellow systems tend to have more even balances of habitat in each of the three
quality categories. Again, higher-quality habitat is typical in public areas. Thornton Creek has a large
percentage of low-quality instream habitat (greater than 50 percent), with little high-quality instream
habitat.
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)LJXUH3HUFHQWDJHVRIKLJKPRGHUDWHDQGORZTXDOLW\LQVWUHDPKDELWDWLQHDFKPDMRU
Seattle watercourse.
High-quality instream habitat areas are more complex, containing instream wood, boulders, channel
PHDQGHUVDQGÀRRGSODLQFRQQHFWLRQVWKDWDOORZSRROVDQGLQVWUHDPZHWODQGVWRIRUP/RZTXDOLW\
LQVWUHDP KDELWDW DUHDV DUH UDWKHU KRPRJHQHRXV ZLWK SODQHEHG FKDQQHOV EDQN DUPRULQJ DQG ¿QH
sediments. However, even in higher-quality habitat areas in the major Seattle watercourses, the lack of
ZRRG\GHEULVÀRRGSODLQFRQQHFWLRQVDQGFRDUVHVHGLPHQWLVSUREOHPDWLF
As with riparian conditions, instream features appear related to adjacent land uses. Taylor Creek, Piper’s
Creek, and Fauntleroy Creek received the highest instream habitat scores (Appendix F). The majority
RIWKHVHZDWHUFRXUVHVÀRZWKURXJKXQGHYHORSHGSDUNODQGRURSHQVSDFH7KLVFRUUHODWLRQEHWZHHQ
adjacent park land and good instream habitat is evident at the reach scale as well. For example, in
Longfellow Creek the only reach with a good-quality ranking, LF04, is located within the West Seattle
golf course; the remainder of the reach rankings in the Longfellow system range from poor to moderate
(see Map 16 in the map folio accompanying this report). Likewise, in Piper’s Creek the majority of
the main stem length, located within Carkeek Park (PI03 through PI01), ranks as having good habitat
quality (see Map 25). Watercourse reaches rated in poor condition for instream habitat are located
FRQVLVWHQWO\LQDUHDVZLWKVLJQL¿FDQWDPRXQWVRIFXOYHUWHQFURDFKPHQWDQGEDQNDUPRULQJ,QJHQHUDO
WKHW\SHVRIODQGXVHVXUURXQGLQJDZDWHUFRXUVHDUHGLUHFWO\UHÀHFWHGE\LQVWUHDPKDELWDWTXDOLW\
,QVWUHDPKDELWDWTXDOLW\LVDUHÀHFWLRQRIPXOWLSOHIDFWRUVLQFOXGLQJVWUHDPÀRZDVZHOODVULSDULDQ
KDELWDW+LJKDQGÀDVK\ÀRZVDQGGHJUDGHGULSDULDQKDELWDWFRQGLWLRQVERWKOHDGWRGHJUDGHGLQVWUHDP
habitat, and their effects are measurable from the point of impact continuing into downstream areas.
7KHURRWFDXVHVRILQVWUHDPKDELWDWSUREOHPVLQFOXGHK\GURORJ\DQGODFNRIÀRRGSODLQFRQQHFWLRQV
%HFDXVHWKHÀRRGSODLQRIDVWUHDPKHOSVWRFRQWDLQDQGPRGHUDWHKLJKÀRZVLQDUHDVZKHUHDVWUHDP
LVFRQVWUDLQHGWRDQXQGHUVL]HGFKDQQHORUODFNVÀRRGSODLQFRQQHFWLRQVHYHQPRGHUDWHLQFUHDVHVLQ
VWUHDPÀRZFDQGDPDJHULSDULDQDQGLQVWUHDPKDELWDW
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Biological Communities Summary

Use by Benthic Invertebrates
Figure 52 shows the average benthic index (B-IBI) scores calculated for each major Seattle watercourse,
based on all of the samples available (see Appendix C). Fauntleroy Creek has the highest average
score, ranking as fair (31). However, only two samples had adequate numbers of invertebrates to count
in calculating an average. The low sample size means that the standard deviation is about 7 points.
Piper’s Creek and Taylor Creek have poor index scores (19.4 and 18.9, respectively). Longfellow and
Thornton benthic index scores rank as very poor (14.6 and 15.0, respectively).

Note: Number of samples shown in parentheses.

Figure 52. Average benthic index score for each major Seattle watercourse.
The benthic index scores roughly seem to follow the riparian and instream habitat quality rankings,
with Longfellow and Thornton exhibiting the poorest habitat and lowest scores among the major urban
watercourses. However, even the highest benthic index scores are low on the overall B-IBI scale.
Piper’s Creek and Taylor Creek rank as only poor, even with a large percentage of good physical
KDELWDW%RWKVWUHDPÀRZDQGZDWHUTXDOLW\SOD\ODUJHUROHVLQVKDSLQJEHQWKLFFRPPXQLWLHVDQGWKH
combination of hydrologic, water quality, and physical factors could be limiting benthic communities
in Seattle watercourses.
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Fish Access
6HDWWOHZDWHUFRXUVHVFRQWDLQVDOPRQLGVDQGRWKHU¿VKVSHFLHVPDNLQJDFFHVVLEOHKDELWDWLPSRUWDQWIRU
VXSSRUWLQJRQJRLQJ¿VKSRSXODWLRQV7KHSHUFHQWDJHRIDFFHVVLEOHKDELWDWIRUPLJUDWRU\¿VKLQHDFK
major Seattle watercourse was estimated based on the amount of stream currently accessible compared
WRWKHH[WHQWRIVWUHDPH[SHFWHGWRVXSSRUWDQDGURPRXV¿VK LHD7\SH)VWUHDPVHH:$&
IRU¿VKEHDULQJVWUHDPFODVVL¿FDWLRQV )LJXUHLOOXVWUDWHVWKHSHUFHQWDJHRIHDFKZDWHUFRXUVHWKDWLV
accessible to migratory salmonids at present. Based upon this analysis, Fauntleroy Creek and Thornton
Creek are the most accessible, while Taylor Creek and Longfellow Creek are the least accessible.

)LJXUH3HUFHQWDJHRIHDFKPDMRU6HDWWOHZDWHUFRXUVHDFFHVVLEOHWRPLJUDWRU\¿VKEDVHGRQ
accessible Type F stream area.
In summary:

 Taylor Creek offers the smallest amount of accessible stream habitat.

Taylor Creek has a manmade
EDUULHUDERXWIHHWXSVWUHDPRIWKHPRXWKWKDWEORFNVDQDGURPRXV¿VKSDVVDJHLQWR/DNHULGJH
Park.

5RXJKO\IHHWRI)DXQWOHUR\&UHHNFDQEHXVHGE\DQDGURPRXV¿VK:KLOHFDOFXODWLRQVVKRZ
that 35 percent of the watercourse is accessible, Williams et al. (1975) show a cascade located
around 45th Avenue SW, which may have represented the historical upstream extent of anadromous
¿VKSUHVHQFH

,Q/RQJIHOORZ&UHHNDERXWSHUFHQWRIWKHZDWHUFRXUVHLVDFFHVVLEOHDIWHU¿VKSDVVWKURXJKD
3,200-foot culvert at the mouth of Longfellow Creek.
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 Thornton Creek offers 22,620 feet of stream habitat; 40 percent of the main stem and north and
south branches is accessible. Even so, Thornton Creek provides the greatest watercourse length
available for salmon and trout.
2YHUDOOZLWKWULEXWDULHVLQFOXGHGRQO\SHUFHQWRIWKHOHQJWKRI6HDWWOH¶V¿YHPDMRUZDWHUFRXUVHVLV
DFFHVVLEOHWRVDOPRQLGV$FURVVDOO¿YHPDMRUZDWHUFRXUVHVDERXWVWUHDPPLOHVFDQVXSSRUW¿VKEXW
only 7 miles of stream (34 percent) is accessible to migratory species. This is extremely problematic
LQ7D\ORU&UHHNDQG/RQJIHOORZ&UHHNZKHUHWKHKLJKHVWTXDOLW\KDELWDWLVORFDWHGXSVWUHDPRI¿VK
passage barriers (i.e., Rainier Avenue South and the WPA dam).

Conclusions
The following sections provide a concise summary of overall hydrologic, water quality, habitat, and
biological conditions in Seattle watercourses. This summary is based on existing knowledge and
available data. This chapter closes with comments on existing data availability and data gaps, as well
as thoughts on future directions for Seattle watercourses.

Flow
6WUHDPÀRZFRQGLWLRQVDSSHDUWREHÀDVK\ZLWKKLJKSHDNÀRZVUHVXOWLQJIURPXUEDQGHYHORSPHQW
in the watersheds and associated expansion of impervious surface areas. These factors, coupled with
encroachment into streamside areas, contribute greatly to poor instream habitat and poor biological
FRPPXQLWLHV+RZHYHUDGGLWLRQDOÀRZGDWDDUHQHHGHGWRSURYLGHDPRUHDFFXUDWHSLFWXUHRIK\GURORJLF
conditions and to track them through time.

Water Quality
%DVHG RQ OLPLWHG VDPSOLQJ FRQGXFWHG PRVWO\ GXULQJ QRQVWRUP ÀRZ FRQGLWLRQV PRVW FKHPLFDO
parameters that have been measured in Seattle stream samples to date generally meet state water quality
criteria for the protection of aquatic life. However, three key water quality indicators do not meet state
criteria: dissolved oxygen, temperature, and fecal coliform bacteria. A summary of major conclusions
regarding water quality in Seattle watercourses is provided below.

Dissolved Oxygen and Temperature
Dissolved oxygen and water temperature exhibit a distinct seasonal pattern, with temperature generally
higher in the summer season and lower in the winter season. Because the solubility of dissolved
oxygen is inversely related to temperature, dissolved oxygen exhibits higher concentrations during the
winter months, when temperatures are lower.
Dissolved oxygen and temperature in Longfellow Creek and Thornton Creek frequently fail to meet state
water quality criteria in the summer months. This pattern is probably related to the loss of vegetative cover
resulting from intensive urban development throughout the riparian corridors of these watercourses.
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3LSHU¶V &UHHN DQG )DXQWOHUR\ &UHHN ZKLFK ÀRZ WKURXJK VWHHS ODUJHO\ XQGHYHORSHG UDYLQHV KDYH
retained their riparian corridors to a large extent and exhibit only occasional exceedances of state water
quality criteria for temperature and dissolved oxygen. Although water quality has not been monitored
in Taylor Creek, it is expected to follow the same general trend seen in Piper’s Creek and Fauntleroy
Creek, because it has a fairly intact riparian corridor for most of its length (see Map 32).

Fecal Coliform Bacteria
Fecal coliform bacteria levels are high and frequently exceed the state water quality criteria in all of the
urban watercourses that have been tested to date (i.e., Thornton, Piper’s, Longfellow, and Fauntleroy).
%DFWHULDOHYHOVDUHW\SLFDOO\KLJKHULQVWRUPÀRZVDPSOHVWKDQLQQRQVWRUPÀRZVDPSOHVGXHWRWKH
impact of urban stormwater runoff.

Metals
Metals concentrations in Seattle watercourses generally meet state water quality criteria, based on
OLPLWHGVDPSOLQJSHUIRUPHGPRVWO\GXULQJQRQVWRUPÀRZFRQGLWLRQV/LNHIHFDOFROLIRUPEDFWHULD
WKHFRQFHQWUDWLRQVRIPRVWPHWDOVDUHW\SLFDOO\KLJKHULQVWRUPÀRZVDPSOHVWKDQLQQRQVWRUPÀRZ
samples. An exception is zinc, which had concentrations measured in non-storm samples comparable
WRWKRVHPHDVXUHGLQVWRUPÀRZVDPSOHV
Nutrients
No state water quality criteria have been established for nutrients. However, total nitrogen and total
phosphorus concentrations in Longfellow Creek, Piper’s Creek, and Thornton Creek frequently exceed
established U.S. EPA criteria. Exceedances in Longfellow Creek and Piper’s Creek generally occur more
IUHTXHQWO\GXULQJVWRUPÀRZFRQGLWLRQV7KRUQWRQ&UHHNH[SHULHQFHVRFFDVLRQDOH[FHHGDQFHVRIWKH
QXWULHQWEHQFKPDUNVXQGHUQRQVWRUPÀRZFRQGLWLRQVQRGDWDDUHDYDLODEOHIRUVWRUPÀRZFRQGLWLRQV

Habitat Conditions
Riparian habitat conditions in Seattle range from good (for an urban area) to poor, and instream habitat
appears to mimic these conditions. There appears to be a high correlation between the land use adjacent
to a stream and the quality of instream habitat and riparian conditions. Stream bank armoring and
encroachment into riparian areas by roads and buildings are correlated with degraded habitat conditions
in all of the watercourses, but particularly along Thornton Creek, which has the highest amount of
private property bordering the watercourse. Piper’s Creek, Taylor Creek, and Fauntleroy Creek, which
ÀRZWKURXJKODUJHSDUNDUHDVKDYHEHWWHUKDELWDWFRQGLWLRQVWKDQWKHRWKHU6HDWWOHZDWHUFRXUVHV
While the proximate causes of instream habitat degradation are evident where stream banks and channels
have been altered to accommodate urban development, the root causes of instream habitat problems
LQFOXGH DOWHUHG K\GURORJ\ DQG ODFN RI ÀRRGSODLQ FRQQHFWLRQV  7KH 6HDWWOH  &RPSUHKHQVLYH
'UDLQDJH3ODQLGHQWL¿HVOLPLWLQJIDFWRUVIRUXUEDQZDWHUFRXUVHHQYLURQPHQWVDQGUDQNVWKHPLQRUGHU
of severity (Appendix A), for the purpose, in part, of informing Seattle’s future planning for habitat
improvements needed in its most degraded urban watercourses.
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Biological Communities
Fish Access
)LVKSDVVDJHEDUULHUVFXUUHQWO\EORFNPLJUDWRU\¿VKDFFHVVWRPRUHWKDQDERXWRQHWKLUGRIWKHSRWHQWLDO
¿VKKDELWDWLQ6HDWWOHZDWHUFRXUVHV6RPHRIWKHLQDFFHVVLEOHKDELWDWLVRIWKHKLJKHVWTXDOLW\SDUWLFXODUO\
in Longfellow Creek and Taylor Creek.

Benthic Invertebrates
Benthic index scores illustrate that riparian or instream habitat of high quality does not ensure a healthy
benthic community. Even the best physical habitat conditions in Seattle watercourses are not correlated
with a benthic index (B-IBI) rating above fair (see Appendix C). Flow patterns, chemical conditions,
DQGSK\VLFDOKDELWDWDOODIIHFWEHQWKLFRUJDQLVPVDQGWKHVHIDFWRUVFROOHFWLYHO\LQÀXHQFHWKHDTXDWLF
invertebrates inhabiting Seattle watercourses.

Monitoring and Data Analysis Needs
Accurately characterizing Seattle stream conditions is hindered by the limited data available, particularly
IRUZDWHUTXDOLW\DQGÀRZFRQGLWLRQV,PSOHPHQWLQJDPRQLWRULQJSURJUDPWRWUDFNVWDWXVDQGWUHQGV
IRUÀRZZDWHUTXDOLW\DQGKDELWDWLQFOXGLQJVWRUPDQGQRQVWRUPHYHQWVDPSOLQJLVLPSRUWDQWIRU
understanding watercourses, the condition of their watersheds, and the results of Seattle’s collective
efforts to improve stream conditions.

Future Directions
This State of the Waters report describes the current hydrologic,
chemical, physical, and biological conditions in the stream
portions of watercourses within the City of Seattle. These
FRQGLWLRQVGH¿QHRYHUDOOZDWHUVKHGKHDOWKDQGWKHDELOLW\RIWKH
city’s watersheds to perform critical functions and services, such
DV¿OWHULQJZDWHUPRGHUDWLQJÀRRGVDQGFDSWXULQJVHGLPHQWWR
EHQH¿WERWKKXPDQDQGHQYLURQPHQWDOKHDOWK
:LWK WKHVH EDVHOLQH FRQGLWLRQV LGHQWL¿HG VWUHDP LPSURYHPHQW
efforts can be continued in those areas where further work is
needed, and efforts can be refocused in those areas where new
problems have come to light, considering the scale and sequencing
of actions. It is hoped that the State of the Waters report will help
to make everyone aware of the conditions in Seattle’s surface
water bodies and our role in protecting their health. Through that
DZDUHQHVVZHFDQZRUNWRLPSURYHFRQGLWLRQVIRU¿VKZLOGOLIH
people, and the legacy we leave for future generations.
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Glossary of Terms
303(d) list A state inventory of impaired water bodies, created according to the federal Clean Water Act,
Section 303(d).
acute conditions Changes in an organism’s physical, chemical, or biological environment involving a
stimulus severe enough to rapidly induce a response, resulting in injury or death to the organism after
short-term exposure.
acute exposure value The threshold value below which there should be no unacceptable effects on
freshwater aquatic organisms and their uses, if the one-hour average concentration does not exceed
that value more than once every 3 years on average. Also known as the criterion maximum
concentration (CMC).
DGÀXYLDO$GXOWVDOPRQDQGWURXWOLYLQJLQODNHVDUHJHQHUDOO\DGÀXYLDOWKDWLVWKH\XVHWKHODNHWRJURZ
mature, and forage but use tributaries draining to the lake for spawning and early rearing habitat.
aggradation7KHJHRORJLFSURFHVVE\ZKLFKVWUHDPEHGVRUÀRRGSODLQVDUHUDLVHGLQHOHYDWLRQRUEXLOW
up through the deposition of sediment eroded and transported from upstream.
algae6PDOODTXDWLFSODQWVFRQWDLQLQJFKORURSK\OOWKDWRFFXUDVVLQJOHFHOOVFRORQLHVRU¿ODPHQWVDQG
ÀRDWLQWKHZDWHURUDWWDFKWRODUJHUSODQWVURFNVDQGRWKHUVXEVWUDWHV,QGLYLGXDOVDUHXVXDOO\YLVLEOH
only with a microscope. Excessive numbers can make the water appear cloudy and colored, creating
DQXLVDQFHZKHQFRQGLWLRQVDUHVXLWDEOHIRUSUROL¿FJURZWK
algal bloom Proliferation of living algae on the surface of a lake, stream, or pond; often stimulated by
phosphate over-enrichment. Algal blooms reduce the oxygen available to other aquatic organisms.
DPPRQLD 1+3) A nitrogen-containing substance that may indicate the presense of recently decomposed
organic material.
DQDGURPRXV¿VKVSHFLHV Fishes that are born and reared in fresh water, migrate to the ocean to grow to
maturity, and return to fresh water to reproduce (e.g., salmon and steelhead).
antidegradation policy Rules or guidelines required of each state by federal regulations implementing
the Clean Water Act, requiring that existing water quality be maintained.
DTXDWLFÀRUDDQGIDXQDDTXDWLFELRWD$OOIRUPVRISODQWV ÀRUD DQGDQLPDOV IDXQD IRXQGOLYLQJLQ
or rooted in water.
background concentration The pollutant level that would exist at a site in the absence of pollutant
sources in the ndeighborhood of the site, or a naturally occurring pollutant concentration in a stream
prior to watershed development.
backwater Water upstream of an obstruction that is deeper than it would normally be without the
obstruction.
EDVHÀRZ7KHSRUWLRQRIVWUHDPÀRZWKDWLVQRWDWWULEXWDEOHWRVWRUPUXQRIIDQGLVVXSSRUWHGE\JURXQG
water seepage into a channel.
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baseline condition The state of a system, process, or activity before the occurrence of actions or events
that may result in changes; used as the starting point for comparative analysis.
basin The area of land drained by a river and its tributaries, draining water, organic matter, dissolved
nutrients, and sediments into a lake or watercourse (see drainage basin, watershed).
benchmark As the term is used in this report, benchmarks represent interim water quality criteria that are
useful for comparison to existing or past conditions found in Seattle surface water bodies. Benchmarks
LGHQWL¿HGLQWKLVUHSRUWDUHEDVHGRQ86(3$ZDWHUTXDOLW\FULWHULDEXWGRQRWUHÀHFWDGRSWHGZDWHU
quality standards. Because these benchmarks represent surface water quality conditions that are
PLQLPDOO\ LQÀXHQFHG E\ KXPDQ DFWLYLW\ H[FHHGLQJ D EHQFKPDUN GRHV QRW QHFHVVDULO\ LQGLFDWH D
violation of the water quality standard.
EHQH¿FLDOXVHV7KRVHXVHVRIZDWHULGHQWL¿HGLQVWDWHZDWHUTXDOLW\VWDQGDUGVWKDWPXVWEHDFKLHYHG
DQG PDLQWDLQHG DV UHTXLUHG XQGHU WKH IHGHUDO &OHDQ :DWHU$FW  7KH WHUPV ³EHQH¿FLDO XVH´ DQG
“designated use” are often used interchangeably.
benthic invertebrates Aquatic, bottom-dwelling organisms in streams and lakes, including small
invertebrate insects, crustaceans, mollusks, and worms.
EHVWPDQDJHPHQWSUDFWLFHV %03V Accepted methods for controlling diffuse pollution; generally,
the structural devices, maintenance procedures, managerial practices, prohibitions of practices, and
schedules of activities that are used singly or in combination to prevent or reduce the release of
pollutants and other adverse impacts on receiving water bodies.
bioaccumulation The process by which substances that are very slowly metabolized or excreted increase
in concentration in living organisms, resulting in the accumulation of chemical compounds in their
body tissues.
ELRFKHPLFDO R[\JHQ GHPDQG %2'
The rate of oxygen consumption by organisms during the
decomposition of organic matter. Like chemical oxygen demand, biochemical oxygen demand is an
indicator of water pollution.
biota$OOOLYLQJRUJDQLVPV SODQWVDQGDQLPDOV ZLWKLQDVSHFL¿HGDUHD
biotic index A numerical rating scheme using various aquatic organisms to determine their degree of
tolerance to differing water conditions.
blue-green algae A group of algae having a blue pigment in addition to the green chlorophyll. A stench
is often associated with the decomposition of dense blooms of blue-green algae in fertile lakes.
box and whisker plot A graphical display of a statistical summary of a data set, showing the lowest
YDOXHKLJKHVWYDOXHPHGLDQYDOXHVL]HRIWKH¿UVWDQGWKLUGTXDUWLOHVDQGRXWOLHUV $VH[SODLQHG
under Summary Statistics in Part 3, an outlier is a value that falls beyond the step spread.)
buffer   $ GH¿QHG HGJH RU PDUJLQ DURXQG D SURWHFWHG DUHD WKDW LV JRYHUQHG E\ UHJXODWRU\ FRQWUROV
prohibiting activities that are incompatible with the objectives of the protective regulations.
bypass A channel or conveyance constructed to divert water around a stormwater facility.
catchment Surface drainage area associated with pavement drainage design.
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censored data Concentrations of toxic pollutants in receiving waters are sometimes below the analytical
ODERUDWRU\¶V DELOLW\ WR GHWHFW WKHP  7KHVH GDWD DUH FODVVL¿HG DV FHQVRUHG DQG UHTXLUH VSHFLDO
consideration.
channel$QDWXUDOVWUHDPWKDWFRQYH\VZDWHUDQDWXUDORUDUWL¿FLDOZDWHUFRXUVHZLWKGH¿QLWHEHGDQG
EDQNVWRFRQ¿QHDQGFRQGXFWÀRZLQJZDWHURUDGLWFKH[FDYDWHGIRUWKHÀRZRIZDWHU
channel erosion The widening, deepening, and headward cutting of small channels and waterways
FDXVHGE\K\GUDXOLFIRUFHVGXULQJPRGHUDWHWRODUJHÀRRGV
channel incision Increases in stream channel depth and width, commonly caused by frequent high and
ÀDVK\ÀRZV
FKHPLFDOR[\JHQGHPDQG &2' The rate of oxygen depleted by the chemical (nonbiological) oxidation
of organic and inorganic compounds in water. Like biochemical oxygen demand, chemical oxygen
demand is an indicator of water pollution.
chronic conditions Changes in an organism’s physical, chemical, or biological environment involving a
stimulus of extended duration, resulting in injury or death to the organism as a result of repeated or
constant exposure over an extended period of time.
chronic exposure value The threshold value below which there should be no unacceptable effects on
freshwater aquatic organisms and their uses, if the 4-day average concentration does not exceed that
value more than once every 3 years on average. Also known as the criterion continuous concentration
(CCC).
Clean Water Act (CWA) The basic federal water pollution control law in the United States (Federal
:DWHU3ROOXWLRQ&RQWURO$FWFRGL¿HGDW86&± 3URYLVLRQVRIWKHVWDWXWHLQFOXGH
WHFKQRORJ\EDVHG HIÀXHQW VWDQGDUGV IRU SRLQW VRXUFHV RI SROOXWLRQ D VWDWHDGPLQLVWHUHG FRQWURO
program for nonpoint pollution sources, a construction grant program to build or upgrade municipal
wastewater treatment plants, a regulatory system for spills of oil and other hazardous wastes, and a
wetlands preservation program.
clearing The removal and disposal of unwanted natural material from the ground surface, such as trees,
brush, and down timber, using manual, mechanical, or chemical methods.
collector$GUDLQDJHFRQYH\DQFHSLSHWKDWUHFHLYHVÀRZIURPFDWFKEDVLQVLQOHWVDQGRWKHUFRQFHQWUDWHG
sources and connects to interceptors or main (trunk) conveyance pipes.
combined sewer Drainage system pipes that carry both sanitary wastewater (i.e., wastewater from
buildings) and stormwater runoff to a wastewater treatment plant.
FRPELQHGVHZHURYHUÀRZ &62 $FRPELQDWLRQRIXQWUHDWHGZDVWHZDWHUDQGVWRUPZDWHUWKDWFDQÀRZ
into a waterway when a combined sewer system reaches its capacity.
conveyance A structure or mechanism for transporting water from one point to another, including pipes,
ditches, and channels.
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conveyance system The drainage facilities, both natural and constructed, that collect, contain, and
SURYLGHIRUWKHÀRZRIVXUIDFHZDWHUDQGVWRUPZDWHUIURPWKHKLJKHVWSRLQWVRQWKHODQGGRZQWR
a receiving water. The natural elements of a conveyance system may include swales and small
drainage courses, streams, rivers, lakes, and wetlands. Constructed elements of a conveyance system
may include gutters, ditches, pipes, channels, and most retention and detention facilities.
critical habitat The area of land, water, and air space required for normal needs and survival of a plant
RUDQLPDOVSHFLHVXQGHUWKHIHGHUDO(QGDQJHUHG6SHFLHV$FWVSHFL¿FJHRJUDSKLFDODUHDVWKDWDUH
essential to the conservation of listed species may be designated as critical habitat.
culvert A pipe or concrete box structure that drains open channels, swales, or ditches beneath a roadway
or embankment, typically with no catch basins or manholes along its length.
designated uses7KRVHXVHVRIZDWHULGHQWL¿HGLQVWDWHZDWHUTXDOLW\VWDQGDUGVWKDWPXVWEHDFKLHYHG
DQG PDLQWDLQHG DV UHTXLUHG XQGHU WKH IHGHUDO &OHDQ :DWHU$FW  7KH WHUPV ³EHQH¿FLDO XVH´ DQG
“designated use” are often used interchangeably.
detection limit The smallest concentration of a constituent that can be measured with a stated level
RI FRQ¿GHQFH  ,Q SUDFWLFH GHWHFWLRQ OLPLWV FDQ EH GHWHUPLQHG E\ GLIIHUHQW PHWKRGV LQ GLIIHUHQW
laboratories.)
detention facility An aboveground or below-grade facility, such as a pond or tank, that temporarily
stores stormwater runoff and subsequently releases it at a slower rate than the rate at which it is
collected by the drainage facility system. Detention is used to control the peak discharge rate and
provide gravity settling of pollutants.
discharge5XQRIIOHDYLQJDQDUHDYLDRYHUODQGÀRZRUEXLOWFRQYH\DQFHV\VWHPVW\SLFDOO\GHVFULEHGDV
DYROXPHRIÀXLGSDVVLQJDSRLQWSHUXQLWRIWLPHVXFKDVFXELFIHHWSHUVHFRQG FIV FXELFPHWHUV
per second, gallons per minute, gallons per day, or millions of gallons per day.
dissolved oxygen The amount of oxygen dissolved in water and available for aquatic life, measured in
milligrams per liter. Certain amounts of dissolved oxygen are essential to aquatic animal and plant
life, as well as bacterial decomposition of organic matter.
disturbed habitat A habitat in which naturally occurring ecological processes and species interactions
KDYHEHHQVLJQL¿FDQWO\GLVUXSWHGE\WKHGLUHFWRULQGLUHFWUHVXOWVRIKXPDQSUHVHQFHDQGDFWLYLW\
ditch A long, narrow excavation dug in the earth for drainage.
drainage basin The tributary area through which drainage water is collected, regulated, transported, and
discharged to receiving waters (see watershed).
ecological health In surface water systems, environmental conditions exhibiting the ecological functions
and features necessary to support diverse, native, self-sustaining aquatic and riparian communities.
Ecologically healthy urban streams have the habitat necessary to support benthic invertebrates and
QDWLYH¿VKLQFOXGLQJVDOPRQDQGWURXWGXULQJDOOOLIHVWDJHV
HIÀXHQW Liquid wastes generally from wastewater treatment, septic systems, or industrial sources that
are released to a surface water body.
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emergent plants Aquatic plants that are rooted in the bottom sediment but project above the water
surface, such as cattails and bulrushes. These wetland plants often have high habitat value for
wildlife and waterfowl and can aid in pollutant uptake.
encroachment For this report, encroachment refers to the act of building a structure or removing
vegetation (in whole or in part) within the riparian corridor surrounding a stream.
Endangered Species Act (ESA) A federal law adopted in 1973 intended to protect species of plants and
DQLPDOVWKDWDUHRI³DHVWKHWLFHFRORJLFDOHGXFDWLRQDOKLVWRULFDOUHFUHDWLRQDODQGVFLHQWL¿FYDOXH´
The U.S. Fish and Wildlife Service (USFWS) and National Marine Fisheries Service share authority
to designate endangered species, determine critical habitat, and develop recovery plans for species
listed as threatened or endangered.
entrenchment 'RZQZDUGHURVLRQRIWKHVWUHDPEHGW\SLFDOO\OHDGLQJWRFRQ¿QHPHQWE\WKHFKDQQHO
EDQNVDQGVHSDUDWLRQIURPWKHÀRRGSODLQ
environmentally critical areas (ECAs) /DQGVOLGHSURQHDUHDVOLTXHIDFWLRQSURQHDUHDVÀRRGSURQH
DUHDVULSDULDQFRUULGRUVZHWODQGVVWHHSVORSHV¿VKDQGZLOGOLIHKDELWDWFRQVHUYDWLRQDUHDVDEDQGRQHG
ODQG¿OOVDQGRWKHUDUHDVDVGH¿QHGDQGUHJXODWHGXQGHUWKH6HDWWOHFULWLFDODUHDUHJXODWLRQV
erosion The detachment and movement of soil or rock fragments by water, wind, ice, or gravity.
erosion and sedimentation control Any temporary or permanent measures taken to reduce erosion,
control siltation and sedimentation, and ensure that sediment-laden water does not leave a site.
estuary An area where fresh water meets salt water at the lower end of a river, or where the tide meets
the river current (e.g., bays, mouths of rivers and streams, salt marshes, and lagoons). Estuaries
serve as nurseries and as spawning and feeding grounds for many marine organisms, and provide
shelter and food for birds and wildlife.
eutrophication The addition of nutrients, especially nitrogen and phosphorus, to a body of water,
UHVXOWLQJ LQ KLJK RUJDQLF SURGXFWLRQ UDWHV WKDW PD\ RYHUFRPH QDWXUDO VHOISXUL¿FDWLRQ SURFHVVHV 
Frequently resulting from pollutant sources on adjacent lands, eutrophication produces undesirable
effects including algal blooms, seasonally low oxygen levels, and reduced survival opportunities for
¿VKDQGLQYHUWHEUDWHV
evapotranspiration The collective term for the movement of water from soil and vegetation to the
atmosphere by evaporation of water from the soil and transpiration of water by plants.
fecal coliform bacteria Microscopic organisms associated with animal feces, commonly measured
in water quality samples as an indirect indicator of the presence of other disease-causing bacteria.
Used as a primary parameter and standard of water quality; reported in number of organisms or
colony-forming units per 100 milliliters of water.
¿OOLQJ3ODFHPHQWRIHDUWKHQPDWHULDOWRLQFUHDVHWKHVXUIDFHHOHYDWLRQDWDVLWHXVLQJDUWL¿FLDOPHDQV
usually making the ground especially vulnerable to erosion.
ÀDVK\ VWUHDPÀRZ $KLJKUDWHDQGYROXPHRIÀRZLQDZDWHUFRXUVHW\SLFDOLQDGHYHORSHGZDWHUVKHG
with impervious surfaces from which stormwater runoff drains all at once. By contrast, in undeveloped
ZDWHUVKHGVLQ¿OWUDWLRQDQGYHJHWDWLRQUHWDUGUXQRIIDQGDWWHQXDWHSHDNZDWHUFRXUVHÀRZV
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ÀRRGFRQWURO0HWKRGVRUIDFLOLWLHVIRUUHGXFLQJÀRRGÀRZVDQGWKHH[WHQWRIÀRRGLQJ0HWKRGVPD\
include the use of structural facilities such as dikes, river embankments, channels, or dams.
ÀRRGIUHTXHQF\:KHQH[SUHVVHGDVDSHUFHQWDJHWKHIUHTXHQF\ZLWKZKLFKWKHÀRRGRILQWHUHVWPD\EH
H[SHFWHGWRRFFXUDWDVLWHLQDQ\JLYHQ\HDU)UHTXHQF\DQDO\VLVGH¿QHVWKHn\HDUÀRRGDVWKHÀRRG
that is expected to be equaled or exceeded on the average of once every n years.
ÀRRGSODLQ Any normally dry land area that is susceptible to inundation by water from any natural
source, usually low land adjacent to a river, stream, watercourse, ocean, or lake.
ÀRZFRQWURO(IIRUWVWRUHGXFHRUPLWLJDWHVXUIDFHDQGVWRUPZDWHUUXQRIIÀRZUDWHVDQGYROXPHV6HH
also ÀRZFRQWUROIDFLOLW\.
ÀRZFRQWUROIDFLOLW\ A stormwater drainage facility designed to mitigate the impacts of increased surface
DQGVWRUPZDWHUUXQRIIÀRZUDWHVDQGRUYROXPHV)ORZFRQWUROIDFLOLWLHVDUHGHVLJQHGHLWKHU WR
hold water for a considerable length of time and then release it by evaporation, plant transpiration,
RU LQ¿OWUDWLRQ LQWR WKH JURXQG RU   WR KROG UXQRII IRU D VKRUW SHULRG RI WLPH UHOHDVLQJ LW WR WKH
conveyance system at a controlled rate.
forested conditions Land conditions generally characterized by woody vegetation at least 6 meters in
KHLJKWZLWKYHJHWDWLRQFRPPXQLWLHVWKDWUHSUHVHQWDVLJQL¿FDQWDPRXQWRIWUHHFRYHUFRQVLVWLQJRI
species that offer wildlife habitat and other values.
fry7KHVWDJHLQWKHOLIHRID¿VKEHWZHHQKDWFKLQJRIWKHHJJDQGDEVRUSWLRQRIWKH\RONVDF
geographic information system (GIS) A computer database system that can input, store, manipulate,
analyze, and display geographically referenced data in map formats.
geometric mean A calculated mean or average value that is appropriate for data sets containing a few
values that are very high relative to the other values, or skewed. To reduce the bias introduced by
these very high numbers, the natural logarithms of the data are averaged, and the anti-log of this
average is the geometric mean. The geometric mean is used to compare fecal coliform bacteria
levels to water quality standards.
ground water Water occurring in a saturated zone or stratum beneath the ground surface or a surface
ZDWHUERG\*URXQGZDWHUUHFKDUJHLVLQÀRZWRDJURXQGZDWHUUHVHUYRLU
habitat7KHVSHFL¿FDUHDRUHQYLURQPHQWLQZKLFKDSDUWLFXODUW\SHRISODQWRUDQLPDOOLYHV$QRUJDQLVP
depends upon its habitat for all of the basic requirements for life.
hardness A measure of the concentration of dissolved calcium carbonate in water; hard water has high
concentrations.
headwaters A watercourse forming the source of another larger watercourse.
heavy metals   0HWDOV RI KLJK VSHFL¿F JUDYLW\ SUHVHQW LQ PXQLFLSDO DQG LQGXVWULDO ZDVWHV WKDW SRVH
long-term environmental hazards. Such metals include cadmium, chromium, cobalt, copper, lead,
mercury, nickel, and zinc.
herbicide A substance intended to control or destroy any vegetation.
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hydrograph$SORWWKDWVKRZVFKDQJHVLQÀRZGLVFKDUJHRUZDWHUGHSWKRYHUWLPHDWDVSHFL¿HGSRLQWLQ
DVWUHDPLQGLFDWLQJWUHQGVVXFKDVGHFOLQLQJEDVHÀRZVDQGLQFUHDVLQJVWRUPÀRZSHDNVDVVRFLDWHG
with urbanization in the watershed.
hydrologic cycle The circuit of water movement from the atmosphere to the earth and returning to the
DWPRVSKHUHWKURXJKYDULRXVVWDJHVRUSURFHVVHVVXFKDVSUHFLSLWDWLRQLQWHUFHSWLRQUXQRIILQ¿OWUDWLRQ
percolation, storage, evaporation, and transpiration.
hydrology The science of the behavior of water in the atmosphere, on the surface of the earth, and in the
soil and underlying rocks; its occurrence, distribution, circulation, physical and chemical properties,
and reaction with the environment.
hyporheic zone A region beneath and lateral to a streambed, where there is mixing of shallow ground
water and surface water. The hyporheic zone plays several important ecological roles in a river,
because it is an ecotone (ie., a transitional area between two adjacent ecological communities). The
interactions between the surface water and ground water make the hyporheic zone an area of great
biological and chemical activity.
impaired waters :DWHUERGLHVQRWIXOO\VXSSRUWLQJWKHLUEHQH¿FLDOXVHVDVGH¿QHGXQGHUWKHIHGHUDO
Clean Water Act, Section 303(d).
impervious surface A hard surface area that either prevents or retards the entry of water into the soil
mantle (as occurs under natural conditions, prior to development), from which water runs off at an
LQFUHDVHG UDWH RI ÀRZ RU LQ LQFUHDVHG YROXPHV  &RPPRQ LPSHUYLRXV VXUIDFHV LQFOXGH URRIWRSV
walkways, patios, driveways, parking lots, storage areas, concrete or asphalt paving, gravel roads,
packed earthen materials, and oiled or macadam surfaces.
indicator An observed or calculated characteristic that shows the presence of a condition or trend.
Water quality indicators are selected chemical and physical parameters and indices that can be used
to characterize overall conditions in the receiving water and also provide benchmarks for assessing
the success of watershed management efforts.
LQ¿OWUDWLRQ The downward movement of water from the ground surface into the subsoil.
inlet A connection between the ground surface and a drain or sewer for the admission of surface and
stormwater runoff.
LQWHJUDWHGGUDLQDJHSODQ ,'3  An areawide drainage plan created through a partnership between SPU
and private or public developers, usually in conjunction with a major development project, to colocate drainage facilities that meet the developer’s requirements while furthering the city’s drainage
goals.
LQWHUPLWWHQWÀRZ$ZDWHUFRXUVHWKDWÀRZVRQO\LQGLUHFWUHVSRQVHWRSUHFLSLWDWLRQUHFHLYHVOLWWOHRUQR
water from springs and no long-continued supply from melting snow or other sources, and is dry for
a large part of the year, ordinarily more than 3 months.
invasive species Opportunistic, nonnative species of inferior biological value that tend to out-compete
more desirable forms and become dominant.
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invertebrates$QLPDOVODFNLQJLQWHUQDOVNHOHWRQV6RPHUHTXLUHPDJQL¿FDWLRQWREHVHHQZHOOZKLOH
RWKHUVVXFKDVZRUPVLQVHFWVDQGFUD\¿VKDUHUHODWLYHO\ODUJH FDOOHGPDFURLQYHUWHEUDWHV %HQWKLF
LQYHUWHEUDWHV OLYLQJLQVWUHDPEHGVHGLPHQWV DUHFROOHFWHGDVVDPSOHVWREHLGHQWL¿HGDQGFRXQWHG
More varied invertebrate communities generally indicate healthier streams.
kokanee Non-anadromous sockeye salmon.
lake An area permanently inundated by water in excess of 2 meters deep and greater than 20 acres in
area as measured at the ordinary high water marks.
land-disturbing activity Any activity that results in a movement of earth or a change in the existing soil
FRYHURUWRSRJUDSK\VXFKDVFOHDULQJJUDGLQJ¿OOLQJDQGH[FDYDWLRQ
landslide Episodic downslope movement of a mass of soil or rock that includes rockfalls, slumps,
PXGÀRZVDQGHDUWKÀRZV
limiting nutrient The nutrient that is in lowest supply relative to the demand. The limiting nutrient
ZLOO EH H[KDXVWHG ¿UVW E\ DOJDH ZKLFK UHTXLUH PDQ\ QXWULHQWV DQG OLJKW WR JURZ  ,QSXWV RI WKH
limiting nutrient result in increased algal production, but as soon as the limiting nutrient is exhausted,
growth stops. Phytoplankton growth in waters of temperate lowland areas is generally phosphoruslimited.
listed species  $ SODQW RU DQLPDO VSHFLHV RI¿FLDOO\ GHVLJQDWHG DV WKUHDWHQHG RU HQGDQJHUHG XQGHU WKH
federal Endangered Species Act.
macroinvertebrates Animals that lack internal skeletons and are large enough to see with the naked eye,
VXFKDVZRUPVLQVHFWVDQGFUD\¿VK%HQWKLFPDFURLQYHUWHEUDWHV OLYLQJLQVWUHDPEHGVHGLPHQWV DUH
FROOHFWHGDVVDPSOHVWREHLGHQWL¿HGDQGFRXQWHG0RUHYDULHGLQYHUWHEUDWHFRPPXQLWLHVJHQHUDOO\
indicate healthier streams.
method detection limit (MDL) The lowest concentration at which an analyte can be detected in a
sample that does not cause matrix interferences (typically determined using spiked reagent water).
“Detected” in this context means that a sample that contains the analyte detected at the MDL can
EHGLVWLQJXLVKHGIURPDEODQNZLWKSHUFHQWFHUWDLQW\7KH0'/LVDODERUDWRU\VSHFL¿FQXPEHU
dependent on (among other things) the instrumentation used by a particular laboratory and the skill
of the operator. This number may change with time.
mg/L (milligrams per liter) and μg/L (micrograms per liter) Units of measure used in describing the
amount of a substance in a given volume of water, as in 5 milligrams of oxygen per liter of water.
mitigation Generally, measures to reduce adverse impacts on the environment.
monitoring Systematic measurement and data collection by various methods for the purposes of
understanding natural systems, evaluating the impacts of disturbances and alterations, and assessing
the performance of mitigation measures.
natural conditions Surface water quality that was present before any human-caused pollution. When
estimating natural conditions in the headwaters of a disturbed watershed, it may be necessary to use
the less disturbed conditions of a neighboring or similar watershed as a reference condition.
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natural drainage system Engineered street drainage that uses open, vegetated swales; deep, healthy
soils; stormwater cascades; and small wetland ponds to manage stormwater runoff. In place of
traditional pipe systems that quickly convey stormwater away, natural drainage systems emphasize
LQ¿OWUDWLRQDQGGHFHQWUDOL]HGWUHDWPHQWWRPRUHFORVHO\UHVHPEOHQDWXUDOK\GURORJLFIXQFWLRQVORVW
due to urbanization.
QLWUDWHQLWULWH 123122) Two types of nitrogen compounds that are nutrients, or forms of nitrogen
that algae may depend upon for growth.
nonpoint source pollution (of water) Pollution that enters a water body from diffuse origins in the
ZDWHUVKHGDQGGRHVQRWKDYHGLVFHUQLEOHFRQ¿QHGRUGLVFUHWHSRLQWVRIRULJLQ
nutrient An organic or inorganic chemical essential for growth and reproduction of organisms. In
surface water bodies, nutrients affecting water quality include total phosphorus, soluble reactive
phosphorus, nitrate-nitrogen, nitrite-nitrogen, and ammonia-nitrogen, measured in milligrams per
liter of water.
ordinary high water mark 7KHOLQHRQWKHVKRUHHVWDEOLVKHGE\WKHÀXFWXDWLRQVRIZDWHUOHYHODQG
indicated by physical characteristics such as a clearly visible, natural line impressed on the bank,
shelving, changes in the character of soil, destruction of terrestrial vegetation, or the presence of
litter and debris.
outfall Generally, the point of discharge from a storm drain. Outfalls may discharge to surface waters
or ground water.
outlet Generally, the point of water discharge from a watercourse, river, lake, tidewater, or storm
drain.
3$+V SRO\F\FOLFDURPDWLFK\GURFDUERQV A class of organic compounds, some of which are persistent
and cancer-causing, that are ubiquitous in the environment. PAHs are commonly formed by the
FRPEXVWLRQRIIRVVLOIXHOVDQGE\IRUHVW¿UHVRIWHQUHDFKLQJWKHHQYLURQPHQWWKURXJKDWPRVSKHULF
fallout, highway runoff, and oil discharge.
parameter One of a set of variable, measurable properties whose values determine the characteristics
of a system such as a water body. See water quality parameter.
partially separated sewers Independent drainage pipe systems that collect and keep stormwater runoff
separate from sanitary sewage (wastewater), except that rooftop drainage is directed to the sanitary
sewer, while street runoff goes to the storm drainage system.
3&%V SRO\FKORULQDWHGELSKHQ\OV A group of manmade organic chemicals comprising 209 closely
related compounds (congeners) made up of carbon, hydrogen, and chlorine. If released to the
environment, PCBs persist for long periods of time and can concentrate in food chains.
peak discharge  7KH PD[LPXP LQVWDQWDQHRXV UDWH RI ÀRZ GXULQJ D VWRUP XVXDOO\ LQ UHIHUHQFH WR D
VSHFL¿FGHVLJQVWRUPHYHQW 
permeable soils 6RLOPDWHULDOVKDYLQJDVXI¿FLHQWO\UDSLGLQ¿OWUDWLRQUDWHVRDVWRJUHDWO\UHGXFHRU
eliminate surface and stormwater runoff.
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pesticide A general term describing any substance, usually chemical, used to destroy or control
undesirable organisms (pests). Pesticides include herbicides, insecticides, fungicides, algacides,
and other substances.
pH A measure of the alkalinity or acidity of a substance on a scale of 0 to 14, determined by measuring
the concentration of hydrogen ions in the substance. A pH value of 7.0 indicates neutral water. A
6.5 reading is slightly acidic.
phosphorus One of the elements essential as a nutrient for the growth of organisms. In western
Washington surface water bodies, it is usually the algal nutrient in shortest supply; hence adding
more phosphorus causes more algal growth. Various measures of phosphorus in water samples are
made, including total phosphorus and the dissolved portion of phosphorus.
photosynthesis The process by which living plant cells produce simple sugars and starches from carbon
dioxide and water, with the aid of chlorophyll and the presence of light.
phytoplankton0LFURVFRSLFDOJDHDQGPLFUREHVWKDWÀRDWIUHHO\LQRSHQZDWHURIODNHVDQGRFHDQV
point source pollution (of water) 3ROOXWDQWVUHOHDVHGLQWRWKHHQYLURQPHQWIURPDGLVFHUQLEOHFRQ¿QHG
and discrete conveyance, such as a pipe or wastewater outfall.
pollutant A substance introduced into the environment that has adverse effects on organisms, including
death, chronic poisoning, impaired reproduction, cancer, or other effects.
pollution (of water) The human-induced alteration of the chemical, physical, biological, or radiological
integrity of water.
prespawn mortality   3UHPDWXUH GHDWK EHIRUH VSDZQLQJ RI DGXOW VSDZQLQJVWDJH ¿VK FRPPRQO\
SUHFHGHG E\ V\PSWRPV VXFK DV VSDVPV JDSLQJ ¿Q VSOD\LQJ DQG ORVV RI HTXLOLEULXP  3UHVSDZQ
mortality has been observed following storm events in urban watersheds and also can be caused by
disease, stranding, or high water temperatures.
3XJHW6RXQGEDVLQ Puget Sound south of Admiralty Inlet (including Hood Canal and Saratoga Passage);
the waters north to the Canadian border, including portions of the Strait of Georgia; the Strait of Juan
de Fuca south of the Canadian border; and all the lands draining into these waters, as mapped in
water resource inventory areas (WRIAs) 1 through 19, set forth in Washington Administrative Code
(WAC) 173-500-040.
receiving waters Bodies of water or surface water systems, such as a lake or stream, to which surface
UXQRIILVGLVFKDUJHGYLDDSRLQWVRXUFHRIVWRUPZDWHURUYLDVKHHWÀRZ
recharge The addition of water to the zone of saturation (i.e., an aquifer).
recruitment of woody debris The movement of fallen wood into a stream or wetland over time through
WKHDFWLRQRIZLQGZDWHURURWKHUPHDQV7KHSRWHQWLDOIRUUHFUXLWPHQWRIZRRG\GHEULVLQÀXHQFHV
the long-term habitat structure within an aquatic system.
redd$VDOPRQLG¿VKQHVWZKHUHHJJVDUHEXULHGLQSURWHFWHGJUDYHOVIRULQFXEDWLRQDQGKDWFKLQJ
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reporting detection limit (RDL) The minimum concentration of an analyte required to be measured and
DOORZHGWREHUHSRUWHGZLWKRXWTXDOL¿FDWLRQDVDQHVWLPDWHGTXDQWLW\IRUVDPSOHVZLWKRXWVXEVWDQWLDO
LQWHUIHUHQFHVDOVRNQRZQDVWKHSUDFWLFDOTXDQWL¿FDWLRQOLPLW7KH5'/LVJHQHUDOO\EDVHGRQDYDOXH
3 to 5 times that of the method detection limit (MDL), considering the amount of sample typically
DQDO\]HGDQGWKH¿QDOH[WUDFWYROXPHRIWKDWPHWKRG7KH5'/PXVWEHJUHDWHUWKDQWKH0'/7KH
differentiation between MDLs and RDLs is of most concern when analyzing for organic compounds
of concern where the MDLs tend to be closer to the RDLs, by contrast with inorganic compounds
where the differences between MDLs and RDLs are much greater.
resident A salmonid life history type in which all life stages—spawning, rearing, growth, and
maturation—occur in small headwater streams, often upstream of impassable physical barriers.
retention The process of collecting and holding surface and stormwater runoff with no surface
RXWÀRZ
ULIÀH$IDVWÀRZLQJVHFWLRQRIDVWUHDPZKHUHVKDOORZZDWHUUDFHVRYHUVWRQHVDQGJUDYHODULIÀHLV
VPDOOHUWKDQDUDSLGDQGVKDOORZHUWKDQDFKXWH5LIÀHKDELWDWXVXDOO\VXSSRUWVDZLGHUYDULHW\RI
bottom-dwelling organisms than other types of stream habitat.
riparian Pertaining to the bank of a water body. Riparian habitat is associated with stream and lake
margins, typically characterized by dense vegetation supporting a variety of waterfowl, songbirds,
amphibians, and small mammals.
riprap A facing layer or protective mound of rocks used to line channels, to prevent bank erosion caused
E\K\GUDXOLFIRUFHVRIVXUIDFHÀRZDQGVWRUPZDWHUUXQRII
runoff:DWHURULJLQDWLQJIURPUDLQIDOODQGRWKHUSUHFLSLWDWLRQWKDWÀRZVWRGUDLQDJHIDFLOLWLHVULYHUV
watercourses, springs, ponds, lakes, wetlands, and shallow ground water.
salmonid$PHPEHURIWKH¿VKIDPLO\6DOPRQLGDHLQFOXGLQJ&KLQRRNFRKRFKXPVRFNH\HDQGSLQN
salmon; cutthroat, brook, brown, rainbow, and steelhead trout; Dolly Varden; kokanee; and char
species.
scour(URVLRQRIFKDQQHOEDQNVGXHWRH[FHVVLYHYHORFLW\RIWKHÀRZRIVXUIDFHDQGVWRUPZDWHUUXQRII
sediment Particulate organic or inorganic matter and fragmented material that originates from weathering
and erosion of rocks and is transported by, suspended in, or deposited by water, settling to the bottom
of surface water bodies. Certain contaminants tend to collect on and adhere to sediment particles.
sedimentation The deposition or formation of sediment.
sediment management standards
found in WAC 173-204.

State regulatory standards pertaining to the quality of sediment,

separated sewers Independent drainage pipe systems that collect and keep stormwater runoff separate
from sanitary sewage (wastewater).
VKHHW ÀRZ   5XQRII WKDW ÀRZV RYHU WKH JURXQG VXUIDFH DV D WKLQ HYHQ OD\HU QRW FRQFHQWUDWHG LQ D
channel.
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slope The degree of deviation of a surface from the horizontal, measured as a numerical ratio, percentage,
RU LQ GHJUHHV  ([SUHVVHG DV D UDWLR WKH ¿UVW QXPEHU LV WKH KRUL]RQWDO GLVWDQFH WKH UXQ  DQG WKH
second is the vertical distance (the rise), e.g., 2:1. A 2:1 slope is a 50 percent slope. Expressed in
degrees, the slope is the angle from the horizontal plane, so that a 90 degree slope is vertical, and a
45 degree slope is 1:1, i.e., a 100 percent slope. Sloping terrain with a gradient of 40 percent or more
and an elevation change of at least 10 feet is generally regarded as a steep slope.
smolt$MXYHQLOHDQDGURPRXVVDOPRQLGWKDWKDVPDWXUHGVXI¿FLHQWO\WRHPEDUNLQJXSRQLWVVHDZDUG
migration.
storm drain Generally, a conveyance or system of conveyances that carries stormwater, surface water,
and other drainage (but not sanitary wastewater or industrial wastes) toward points of discharge
(sometimes called a storm sewer).
storm event7HFKQLFDOWHUPIRUDVSHFL¿FSUHFLSLWDWLRQRFFXUUHQFHIRUH[DPSOHWKH\HDUKRXU
storm event, the 25-year, 24-hour storm event, or the 100-year, 24-hour storm event.
stormwater Generally, precipitation and surface runoff and drainage.
stormwater drainage system Constructed and natural features that function together to collect, convey,
FKDQQHOKROGLQKLELWUHWDLQGHWDLQLQ¿OWUDWHGLYHUWWUHDWRU¿OWHUVWRUPZDWHU
stormwater facility Generally, a constructed component of a stormwater drainage system designed to
perform particular functions (e.g., pipe, swale, ditch, culvert, detention or retention pond, constructed
ZHWODQGLQ¿OWUDWLRQGHYLFHFDWFKEDVLQRLOZDWHUVHSDUDWRURUELR¿OWUDWLRQVZDOH 
stormwater runoff Stormwater that directly leaves an area in surface drainage.
stream$QDWXUDOZDWHUFRXUVHLQZKLFKVXUIDFHZDWHUVÀRZVXI¿FLHQWO\WRSURGXFHDGH¿QHGFKDQQHO
or bed. In the State of the Waters report, streams are divided into reaches, reaches are divided into
segments, and segments are divided into sections.
stream gauge data4XDQWLWDWLYHVWUHDPÀRZLQIRUPDWLRQGHULYHGIURPPHDVXUHPHQWVXVLQJJDXJHV
current meters, weirs, or other measuring instruments.
subcatchment An area of land draining to a single storm drain outfall on a watercourse.
substrate The nonliving material forming the bed of a stream, lake, or ocean, with particles described
in terms of size as boulders, cobbles, gravel, sand, silt, or clay.
swale$QDWXUDOGHSUHVVLRQRUVKDOORZGUDLQDJHFRQYH\DQFHZLWKJHQWOHVLGHVORSHVJHQHUDOO\ZLWKÀRZ
GHSWKVOHVVWKDQRQHIRRWXVHGWRWHPSRUDULO\VWRUHURXWHRU¿OWHUUXQRII
topography&RQ¿JXUDWLRQRIWKHODQGVXUIDFHDQGGHJUHHRIHOHYDWLRQFKDQJHLQFOXGLQJFKDUDFWHULVWLFV
such as plains, hills, mountains, steepness of slopes, and other physiographic features.
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total maximum daily load (TMDL) Under Section 303(d) of the federal Clean Water Act, water quality
standards must be used to identify threatened and impaired water bodies. Category 2 (threatened)
water bodies are those that occasionally exceed water quality standards, while category 5 (impaired)
water bodies are those that frequently exceed standards. Impaired water bodies are required to be
evaluated to identify the pollutants and sources responsible for the water quality problems. Total
PD[LPXPGDLO\ORDG 70'/ OLPLWVDUHWKHQHVWDEOLVKHGDQGDOORFDWHGWRVSHFL¿FSROOXWDQWVRXUFHVLQ
order to reduce pollutant discharges and move toward meeting water quality standards. A TMDL is
the sum of the allowable loads of a single pollutant from all contributing point sources and nonpoint
sources, including a margin of safety and accounting for seasonal variations in water quality.
total suspended solids (TSS) Particles, both mineral (clay and sand) and organic (algae and small
pieces of decomposed plant and animal material), that are suspended in water.
toxic Poisonous, carcinogenic, or otherwise directly harmful to life.
treatment Processing of water for removal or reduction of solids or other pollutants by various means
VXFKDVLQ¿OWUDWLRQLQWRYHJHWDWHGJURXQGVHWWOLQJEDFWHULDOGHFRPSRVLWLRQDHUDWLRQFKORULQDWLRQ
R]RQDWLRQ¿OWUDWLRQHWF
trophic level$VFKHPHRIFODVVLI\LQJRUJDQLVPVE\IHHGLQJOHYHOVLQDIRRGZHE3ODQWV¿OOWKH¿UVW
trophic level by using sunlight to create carbohydrates and other compounds. In the second trophic
level, plants are consumed by plant-eating animals (herbivores), which in turn become food for
predators in the next trophic level, and so on.
turbidity A measure of the reduced transparency of water caused by the suspension of minute particles
such as algae, silt, or clay, typically expressed in nephelometric turbidity units (NTU).
two-year storm event A 2-year storm event occurs every 2 years on average or has a 50 percent chance
of occurring in any given year.
upland The general term used for land areas in the upper portions of a watershed or basin, above
watercourses, rivers, lakes, wetlands, and other water bodies.
urban runoff Stormwater from streets and adjacent developed properties that may carry pollutants of
various kinds into storm drains and receiving waters.
Washington Administrative Code (WAC)7KHFRGL¿HGUHJXODWLRQVRIWKHVWDWHRI:DVKLQJWRQ
wastewater A combination of liquid and waterborne pollutants from residences, businesses, industries,
or farms; or a mixture of water and dissolved or suspended solids.
water column In a water body, the water contained between the interface with the atmosphere at the
surface, and the interface with the sediment layer at the bottom.
watercourse A network of open stream channels, pipes, ditches, and culverts in which surface water
is transported to a receiving water body. Watercourses include small lakes, bogs, streams, creeks,
DQGLQWHUPLWWHQWDUWL¿FLDORUFRQVWUXFWHGFRPSRQHQWVEXWGRQRWLQFOXGHUHFHLYLQJZDWHUV 6HDWWOH
Municipal Code 22.801.240).
water quality Generally, the chemical, physical, and biological characteristics of water, usually in
respect to its suitability for a particular purpose.
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water quality criteria Elements of state water quality standards, expressed as quantitative constituent
concentrations, levels, measures, or descriptive statements, representing a quality of water that
supports a particular use. When criteria are met, water quality generally protects the water’s
designated use.
water quality parameter One of a set of properties of water that are routinely measured and analyzed
to assess water quality, such as temperature, turbidity, conductivity, pH (acidity), dissolved oxygen
content, phosphorus concentration, fecal coliform bacteria concentration, and others.
water quality standards Provisions of state or federal law consisting of designated uses for a water
body, and water quality criteria based upon such uses, pursuant to the federal Clean Water Act.
Water quality standards are established to protect public health or welfare, enhance the quality of
water, and serve the purposes of the Clean Water Act.
water resource inventory area (WRIA) Any of the 62 watershed-based geographical areas composing
WKHVWDWHRI:DVKLQJWRQLGHQWL¿HGIRUDGPLQLVWUDWLYHDQGSODQQLQJSXUSRVHVRIWKH'HSDUWPHQWRI
Ecology and others (see WAC 173-500-040).
watershed A geographical region bounded by topographic high points within which water drains into
DSDUWLFXODUULYHUZDWHUFRXUVHRUERG\RIZDWHU:DWHUVKHGVFDQEHDVODUJHDVWKRVHLGHQWL¿HGDQG
numbered by the state of Washington as water resource inventory areas (WRIAs), or they can be
LGHQWL¿HGDVVPDOOHURUODUJHUGUDLQDJHDUHDV
water table The upper surface or top of the saturated portion of the soil or bedrock layer, indicating the
uppermost extent of ground water.
weir$GHYLFHIRUUHJXODWLQJRUPHDVXULQJWKHÀRZRIZDWHU
wetland An area that is inundated or saturated by surface water or ground water at a frequency and
GXUDWLRQVXI¿FLHQWWRVXSSRUWDSUHYDOHQFHRIYHJHWDWLRQW\SLFDOO\DGDSWHGIRUOLIHLQVDWXUDWHGVRLO
conditions. Wetlands generally include swamps, marshes, bogs, and similar areas.
ZHW SRQGV ZHW YDXOWV Drainage facilities for water quality treatment that contain permanent pools
RI ZDWHU ZKLFK ¿OO GXULQJ WKH LQLWLDO UXQRII IURP D VWRUP HYHQW  :HW SRQGV DQG ZHW YDXOWV DUH
designed to optimize water quality by providing retention time in order to 1) settle out particles of
¿QHVHGLPHQWWRZKLFKSROOXWDQWVVXFKDVKHDY\PHWDOVDGVRUEDQG DOORZELRORJLFDODFWLYLW\WR
occur that metabolizes nutrients and organic pollutants.
woody debris Logs, stumps, or branches that have fallen or been cut and left in place.
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