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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.

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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