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Summary

In May of 2007, Governor Christine Gregoire signed a legislative Act designed to
restore Puget Sound to health by the year 2020, to be overseen and implemented
by a newly created state agency, the Puget Sound Partnership. The agency is
charged with identifying needed actions to restore the health of the Sound.
Stormwater pollution has been identified as a key problem. In order to move forward
in our attempt to reduce stormwater-related pollution in Puget Sound, it is essential
to locate all entry points where stormwater drains into the Sound. To date, there has
been no comprehensive spatial record of storm water outfall locations that
discharge into Puget Sound. This project produced a comprehensive map and
accompanying database of known public (i.e., municipal or equivalent) stormdrain
outfalls, combined sewer overflow (CSO) outfalls and "natural" outfalls such as
streams and rivers that discharge into the tidally influenced areas of Puget Sound.
Our goal is that this map and accompanying fact sheet and report will be used by
the non-profit sector and government entities alike and aid in guiding future
reductions of toxic loads to the Puget Sound.

Introduction

To date, the mapping of stormdrain outfalls to the Puget Sound Region has taken
place at the level of individual jurisdictions. No comprehensive map of Puget Sound
stormdrain outfalls has therefore been created. This has hindered a full and
comprehensive understanding by scientists and policy-makers as to the exact
magnitude of stormwater pollution to the Sound, not to mention stormwater
dynamics and impacts. A comprehensive map of public stormdrain outfalls is an
important step in furthering our collective understanding of this issue.

In this report, we describe below how information presented in the GIS-generated
Puget Sound public outfall map was obtained and processed. We are aware that
the data presented have different degrees of uncertainly associated with precise
locations and outfall descriptions. We provide a description of how data were used,
so that future reports can build upon and refine this work.

Data Layers

In this section, we describe the data that were used to create our Puget Sound
maps.

Data Sources

We obtained stormdrain data used for this report directly from each jurisdiction.
Some jurisdictions have had the budgets to create complete stormwater datasets
which are available in CAD or GIS format. Others jurisdictions are only beginning to
generate this information. Therefore, the data used for our combined map vary in
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quality and completeness by jurisdiction. We understand that our effort is a first step
and expect that future studies will fill in gaps and further refine our data. The
Appendix lists the contacts for each jurisdiction as well as type of data received.
Base Map Layers

Puget Sound Tidal Shoreline

Our goal was to create a shoreline of the tidally influenced areas of Puget Sound.
The Washington Department of Ecology (Ecology) provides an extensive amount of
GIS data on its website including a Puget Sound shoreline layer. This layer appears
to be frequently used by the regional GIS community. We used this layer as our
base, but because our focus includes all of the tidally-influenced areas of Puget
Sound, we needed to find an additional data source that showed the rivers, creeks,
and side channels that are low-enough elevation to allow tidal encroachment. Thus
we used the National Wetland Inventory (NWI) estuarine database as a way to
delineate the tidally-influenced areas in the Puget Sound. Because of its focus on
wetlands, this data set appears to be most accurate in areas with low topography
and extensive estuarine habitat. To merge these two data layers together, we first

Tidal Shoreline:
Snohomish Estuary

[ Ecology Shoreline
[ ] Tidal Shoreline

Snohomish River
(non-tidal)

o 1 2 4 Miles
T N T S T Y |

Map created by:
Robyn Carmichael, Liz Green,
Collin O'Meara, Matt Yarrow-
M UW GIS Certificate Program
In collaboration with:
eltlNls] People for Puget Sound

Figure 1: Comparison of two Puget Sound Shoreline Datasets.
Notice how the tidal shoreline includes the Snohomish River upstream to the town of
Snohomish.
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created a series of 80+ polygons in areas where there was a significant area of
estuarine or riverine wetlands in the NWI dataset. In these areas, the NWI shoreline
was used, elsewhere the Ecology shoreline was used. The result is a combined
shoreline dataset. To illustrate this, in Figure 1, we show the Snohomish Estuary.
The Ecology-provided shoreline is shown as a red line. The riverine and estuarine
wetland classes of the NWI dataset are shown in pink and green, respectively. We
modified the Ecology shoreline to include these areas i extending the effective
Puget Sound shoreline upriver several miles.

Mapping of outfalls

We mapped the various categories of outfalls, as described in the following section,
by querying the databases for outfalls that fell within 250 meters of the shoreline.
The assumption is that water flowing from manmade pipes, drains, ditches, etc. that
terminate within 250 meters of the shore continue to flow in ravines or ditches out to
the nearest waterbody. In addition, in many cases, the outfalls terminate at the top
of bluffs.

Types of Outfalls

For our project, we identified the ways that stormwater can be conveyed to Puget
Sound: natural drainage outfalls (includes creeks, rivers, channels, etc), man-made
structures (includes pipes, culverts, ditches, etc), bridges and road outfalls, and
combined sewer overflows (CSOs). We did not address sheet flow or groundwater
flow as our focus was on mapable conveyances. We only included public
structures. Below we give a definition of each type, describe what data were used
and analyzed.

Natural Drainage Outfalls

Natural drainage outfalls (Figure 2) are streams and rivers that discharge into the
tidally influenced areas of Puget Sound. In some cases, these drainage outlets are
from coast al ponds and channel s. FI ow from
may be largely made up of stormwater runoff from impervious surfaces such as
roads, roofs, parking lots, etc. Other outfalls of this type drain relatively undisturbed
areas. The length of streams and creeks that enter the Puget Sound through these
natural outfalls are mostly quite short. Utilizing the Rivers and Streams of
Washington State, we found that there are 2123 natural drainage outlets to the
tidally influenced areas of Puget Sound. Because there are so many small streams,
this number varies between hydrographic datasets. However, perhaps the most
important aspect of the natural drainages to Puget Sound is that close to 85% of the
annual surface water runoff comes from 10 major river systems: the Nooksack,
Skagit, Snohomish, Stillaguamish, Cedar/Lake ~ Washington Canal,
Green/Duwamish, Puyallup, Nisqually, Skokomish and Elwha (PSP 2009).

The natural outfalls layer was generated by using the 1:24,000 scale Rivers and
Streams of Washington State (str24) dataset maintained by the Washington
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Department of Fish and Wildlife. The str24 hydrography was clipped with our Puget
Sound tidal shoreline layer described above. Streams and rivers that did not
intersect the shoreline were manually extended to meet the shoreline. If the shape
of the stream was in question, the NHD Plus (National Hydrography Dataset) was
used as a guide. We then created vertices at the intersection between the str24 and
the shoreline. Data from the str24 dataset was spatially joined to these points and
they were then given a unique natural outfall ID in our database. Although the final
number of natural outfalls is ultimately a function of the hydrography dataset used,
we assume that by using the str24 hydrography, we have captured the most
relevant set of natural outfalls discharging into the Puget Sound.

o Natural Outfalls

——— Streams and Rivers

City Boundaries

Map created by:

Matt Yarrow, Robyn Carmichael, Liz Green, Collin O'Meara
University of Washington GIS Certificate Program

In collaboration with: People for Puget Sound

Data sources: WA Department of Ecology,
Wiashington Lakes & Rivers Information System
Coordinate System: NAD 1983 UTM Zone 10N

Figure2: Map of natwal outfalls to Puget Sound

Man-made Outfalls

Man-made outfalls (Figure 3) are any man-made structure that conveys stormwater
to the Puget Sound. Typically, man-made outfalls have replaced a natural system
that has been disrupted by human development creating an increase In
impermeable surfaces that generate increased stormwater runoff. Man-made
conveyances range from unlined ditches, concrete-lined channels, pipes, and
culvert structures (as distinct from culverts that are placed in natural channels).
Many municipalities have developed a stormwater network 7 the infrastructure that
manages surface water flow. Manholes, catch basins and storm lines are all part of
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a greater stormwater system that eventually conveys stormwater to specific points
of discharge. Size, material, and number of man-made outfalls varies greatly
depending on the jurisdiction.

We received public outfall information from almost 60 jurisdictions. Appendix 1
includes a list of contact people for each jurisdiction as well as the type of data
received. The majority of jurisdictions had GIS layers or CAD data available. We
mapped some outfalls, however, based on verbal descriptions or hard copy
engineering maps. Most data sets required analysis and manipulation in order to
produce a final set of outfall points.

T

Man-made Outfalls to Puget Sound
Total estimate: 4529 Man-made Outfalls

@  Man-made Outfalls

)

Rort rha €

Streams and Rivers

City Boundaries

-

Map created by:
Matt Yarrow, Robyn Carmichael, Liz Green, Collin O'Meara
University of Washington GIS Certificate Program
In collaboration with: People for Puget Sound )

= \Vashon
Data WA Dep of Ecol
60+ Local Jurisdictions [
Coordinate System: NAD 1983 UTM Zone 10N

Figure 3: Map omanmadeoutfalls to Puget Sound

We limited our project to larger public man-made outfalls T municipal or municipal-
equivalent and roadway 1 which drain collector-type stormwater systems rather
than from single private parcels. The inclusion of small private outfalls would require
significant additional data collection.

Ditches. It is important to note that we have included ditch outfalls in the man-made
outfall category. We did this because there was not enough information to cleanly
separate manmade earthen roadway ditch outfalls from concrete, metal or plastic
stormdrain outfalls across all jurisdictions (that is, in some jurisdictions, the
distinction was clear but for others it was not clear if certain outfalls were ditch, pipe
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or other). Some counties, such as Mason and Jefferson Counties, do not have a
significant number of concrete-lined conveyances or pipes for discharge of
stormwater. Instead, they have county or state roads with adjacent roadway
ditches. Some of these roads i notably Route 3 1 run right along the edge of Puget
Sound. Periodically, these ditches have an opening that drains out to the Sound or
a pipe that runs under the road and also discharges to the Sound. We were only
able to obtain one unique dataset of road ditches (culverts), from Mason County;
other counties have road ditches that have not yet been mapped.

In addition, other counties, such as Clallam, have an extensive system of irrigation
ditches. These ditches have been patched together over many decades and are
used for agricultural irrigation and drainage. We were only able to obtain one of
these datasets (Clallam), although other counties were queried.

Diameter size. We analyzed the diameter size (Figure 4) of the 2207 man-made
outfalls for which we received diameter data i that is, they are pipes and their
diameter was included in the datasets we obtained from each jurisdiction. Overall,
most of the outfalls are small (6-18 inches) with the highest number of outfalls
falling in the 10.1-12 inch range. Only 6 outfalls for which we have known diameter
data are greater than 120 inches.

500 Histogram of Manmade Outfall Diameters
(ininches)
800 772
700
600 -
521
S 500 - 472
Y
>
E 400
300 +
207
200 - 160
100 - 43
14 11 6
0 T T T 1
6-10 10.1-12 12.1-18 18.1-24 24.1-36 36.1-48 48.1-60 60.1-120 =120
Bin

Figure 4: Histogram a2207manmadeoutfall diameterdor which we had diameter data
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Combined Sewer Overflows

Combined sewer overflows (CSOs) systems are conveyance systems that carry
both sewage and stormwater in single pipes. These systems are designed to
overflow at specific outfall locations during major storm events, discharging
stormwater and untreated domestic and industrial wastewater directly into Puget
Sound and its drainages. Ten sewer systems currently include CSOs: Anacortes
Wastewater Treatment Plant (WWTP), Bellingham WWTP, Port Angeles WWTP,
Mt. Vernon, WWTP, Everett, Metro King County, Bremerton WWTP, Snohomish
WWTP, Seattle, and Olympia. A GIS team working with People For Puget Sound
compiled the location of CSO outfalls to the Puget Sound basin (Trim, et. al., 2008);
we used those that discharge into tidally-influenced locations for our project (Figure
5).

Combined Sewer Overflows
to Puget Sound

®  Combined Sewer Overflows
o CSOs >250m from shoreline

Map created by:

Matt Yarrow, Robyn Carmichael, Liz Green, Collin O'Meara
University of Washington GIS Certificate Program

In collaboration with: People for Puget Sound

Data sources: WA Department of Ecology,
60+ Local Jurisdictions
Coordinate System: NAD 1983 UTM Zone 10N

20 Miles

Figure 5: Combined Sewer Overflowstidally-influencedPuget Sound.

Bridge and WSDOT outfalls

We obtained a GIS layer from the Washington Department of Transportation
(WSDOT) that shows outfalls associated with WSDOT rights-of-way including
roadways and bridges. While WSDOT has built vegetated filter strips along roads in
some limited areas, most bridges drain directly to waterbodies. It is estimated that
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WSDOT6 s syst em beiwren | 18,0086 sand 24,000 stormdrain outfalls
(WSDOT 2008). We learned from WSDOT staff that they are continuing to inventory
their outfalls and to date, their shapefile (on their webpage) contains 5,063 outfalls
Roughly two thirds of these outfalls are located within Puget Sound Basin.
WSDOT®&s s Hoegnetfinclude additional information about these outfalls and
so we do not know which are associated with vegetated swales, ditches or concrete
pipes. In Figure 6, WSDOT outfalls are shown with gray triangles, The 297 outfalls
that are located within 250m of the Puget Sound shoreline are shown with the
yellow circles. Figure 6 also shows the 70 state maintained bridges that cross over
tidally-influenced parts of Puget Sound.

Vancouver Island

Bridge and Road Outfalls
to Puget Sound

][ Brides over tidal waters (n = 70)
©  WSDOT Outfalls < 250m (n=297)
A WSDOT Outfalls (All)

——— State Roads

0 510 20 Miles
Loalaoi]
-‘

lk Map created by: Matt Yarrow, Collin O'Meara, Liz Green, Robyn Carmichael
@8 In collaboration with: People for Puget Sound (Heather Trim, Eric Stover)
Data sources: WA Department of Ecology, WSDOT

M Coordinate System: NAD 1983 UTM Zone 10N
L

Figure6: Map of bridge and road outfalls to Puget Sound
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Summary of Outfalls

In Table 1, all of the outfalls and bridges mapped in our project are summarized by county.

Man-

County made CSO | WSDOT | Bridge | Natural
Clallam 21 4 1 150
Island 103 2 1 136
Jefferson 499 5 261
King 421 53 34 4 141
Kitsap 997 14 83 4 287
Mason 685 42 6 314
Pierce 530 62 15 202
San Juan 407 106
Skagit 163 3 4 4 155
Snohomish 104 14 46 22 166
Thurston 203 3 19 6 129

Whatcom 396 2 5 2 76

Total 4529 93 297 70 2123

Table 1: Total Outfall Estimates by Type

Maps of Outfalls

Figure 7 depicts outfalls mapped in this project for all of tidally influenced Puget Sound and
Figure 8 a-d for four areas of Puget Sound.
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Public Stormwater Outfalls to Puget Sound
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Figure 8 ad: Outfalls to four areas of Tidally Influenced Puget Sound (note, higher
resolution (and larger) versions available for download at web page:
http://pugetsound.org/programs/policy/stormwhater
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Conclusions and Recommendations

Our project is the first to compile all of the known public stormdrain outfalls to Puget
Sound. This project demonstrates the large number of outfalls to Puget Sound
which forms the base for moving forward with addressing stormwater pollution.

1 As has now been documented by Ecology, stormwater pollution represents a
major threat to the health of Puget Sound.

1 The largest source of toxic pollutions to Puget Sound is from paved surfaces,
especially from residential areas - i.e., the developed area of the Puget
Sound basin.

1 In addition to the 2123 natural drainage, greater than 4529 man-made
outfalls, 93 combined sewer overflow (CSO) outfalls, 297 mapped WSDOT
outfalls and 70 WSDOT bridges convey polluted stormwater to Puget Sound.

1 The stormwater pollution conveyed by these drainage systems should be
reduced by low impact development (LID) techniques, pollution prevention,
and treatment

1 A sustainable source of funding is needed to address the stormwater carried
pollution to the Puget Sound basin.
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Appendix: Contacts and data received

Outfalls to Tidally Influenced Puget Sound showing number per county and local contact persons and data.

Jurisdiction | Contact/Title Data Type Natural | Manmade | Combined | WSDOT | WSDOT
Outfalls | Outfalls | ge\yer Bridges | Outfalls
Overflows
Clallam Dave GIS 150 21 4 1 0
County Lasorsa/Environments
| Coordinator
Port Bill Hale/GIS GIS
Angeles Technician
Sequim N.A No Data
Provided
Island Matt Nash/Public GIS 136 103 0 1 2
County Works
Langley Darla Guerrero/Seniol CAD
Civil Engineer
Oak Harbor | Craig PDF
Taylor/Engineering
Technician
Jefferson Doug GIS 261 499 0 5 0
County Noltemeier/Senior
GIS Analyst
Port Tyler Johnson/GIS GIS
Townsend | Coordinator
King Michael Kulish/ GIS 141 421 53 4 34
County Technology Unit
Supervisor
Burien Fernando Llamas/GIS GIS
Analyst
Des Moines | Steve Schunzel/GIS | CAD
administrator
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