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Effect of Upstream Development on the Clear Creek Area

1.0 Project Background and Description
The purpose of this technical memorandum is to describe historic and recent land cover
conditions in the Clear Creek area to increase understanding of how changes in impervious
surface may be affecting the amount and timing of runoff delivered from upstream development.
The evaluation was primarily conducted in GIS using readily available data from National
Oceanographic and Atmospheric Administration (NOAA), Washington Department of Fish and
Wildlife (WDFW), and Pierce County. The memorandum also describes changes in stormwater
regulations over time.
This technical memorandum has been prepared as part of Phase 2 of the Farming in the
Floodplain Project (FFP). The FFP is one of four components of the Floodplains for the Future:
Puyallup, White, and Carbon Rivers project, which is funded by a Floodplains by Design grant
from the Washington Department of Ecology (Ecology). The purpose of the FFP is to advance
progress toward a collectively agreed upon plan for the Clear Creek area that improves
agricultural viability in the area while also meeting goals for flood risk reduction and salmon
habitat enhancement. The FFP is intended to clarify the needs and interests of the agricultural
community within the Clear Creek area.
Throughout the first phase of the FFP, residents of the Clear Creek area asked how development
in upstream areas of the Clear Creek Basin has affected flooding, drainage, and sediment
conditions in the Clear Creek area. This memorandum has been written to summarize some of the
available information on upstream development and consider how the upstream development may
contribute to flooding and sediment conditions in the Clear Creek area. Available information
regarding sediment in the tributaries of Clear Creek and in the lower Clear Creek area is
documented in the Sediment Conditions in the Puyallup Watershed and Clear Creek Technical
Memorandum (ESA, 2016). Therefore, this memorandum focuses on stormwater flows. The
memorandum includes available information on the general impacts of upstream development, on
stormwater regulations in Washington State and in Pierce County, on the history of development
in the Clear Creek Basin, and on existing stormwater storage and treatment infrastructure.

2.0 Study Area
The study area for the FFP is the Clear Creek area, part of the Clear Creek Basin of the Puyallup
River Watershed (Figure 1). The Clear Creek Basin is within the Puyallup River Watershed and is
located south of the Puyallup River, north of 128th Street East, west of 66th Avenue East, and
east of McKinley Avenue East. The Clear Creek Basin includes the four tributaries to Clear
Creek: Swan Creek, Squally Creek, Clear Creek, and Canyon Creek. The Clear Creek area is
roughly 1.5 square miles (990 acres) in size and bounded by the Puyallup River to the north,
Pioneer Way East to the south and west, and 52nd Street East to the east.
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Figure 1
Puyallup Watershed
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3.0 Approach
GIS was used to document when development in the Clear Creek Basin occurred. Digital data
sources included:
•

National Oceanographic and Atmospheric Administration (NOAA) Coastal Change
Analysis Program (C-CAP) data

•

Washington Department of Fish and Wildlife (WDFW) High Resolution Change
Detection (HRCD) data

•

Pierce County parcel data

These data were compared over time to document when development occurred and the extent of
that development. The results of the GIS analysis were used to produce the maps and tables in
Section 7 of this memorandum that illustrate the history of development and the extent of
impervious surfaces in the basin.
This memorandum also reviewed stormwater regulations in the State of Washington and Pierce
County to identify regulatory changes over time. The focus of the review was on requirements for
sizing stormwater conveyance systems and controlling flow rates from developments. Historic
Pierce County regulations were provided by Pierce County Surface Water Management (SWM)
and are listed in the References section of this memorandum.
A limitation in evaluating the effects of upstream development on the Clear Creek area is that
stream flows have not been monitored continuously in the four tributaries of Clear Creek. The
USGS has maintained a seasonal gage on Swan Creek at 80th Street East (Station 12102190)
since 1989. This gage records water elevations from October 1 to April 30 which, with the use of
a rating curve, allows the corresponding flows to be estimated. The USGS previously maintained
a continuous stream gage on Clear Creek at Pioneer Way (Station 12102140), but that gage was
removed in 1998. Without comprehensive and consistent records of stream data, comparing how
streamflow has changed over time as patterns of urbanization and the stormwater regulations
have changed cannot be done.

4.0 Relationship between Upstream Development and
Stormwater Runoff
Stormwater runoff is defined as the portion of precipitation that does not naturally percolate into
the ground or evaporate, but flows over the land surface or in pipes or other features of a
stormwater drainage system into a surface water body or a constructed stormwater facility (Puget
Sound Partnership, 2008). Development typically changes stream flows by increasing stormwater
runoff and decreasing infiltration. This is generally caused by adding impervious surfaces (such
as pavement and rooftops), compacting the soil, draining wetlands, and reducing vegetation. The
following figures illustrate the changes in stormwater runoff caused by development.
Figure 2a illustrates how precipitation moves through an undeveloped watershed. The dashed
lines show precipitation infiltrating into the permeable soil where it flows below the surface.
Farming in the Floodplain Project
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Some of the water continues to percolate down to the groundwater level and some moves laterally
to discharge to streams or other surface water bodies. The water that flows below the surface
moves slowly through the system.

Figure 2b shows how precipitation moves through a watershed where development (e.g.,
buildings, roads, and sidewalks) has removed vegetation, compressed the soil, and converted
permeable areas to impervious surfaces. The increase in impervious surface reduces infiltration
and subsurface flow and causes more of the precipitation to run over the surface. Water also
flows through stormwater pipes which discharge directly to streams. The increased runoff causes
water to reach surface water bodies more quickly and increases peak flows in streams following
precipitation events.
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These changes tend to not only increase the quantity of runoff, but to also reduce the time it takes
for the runoff to become concentrated and flow into streams. This causes streamflows in
developed areas to spike in response to precipitation as shown in Figure 2c. In undeveloped
watersheds, streamflows (shown in blue) have flatter peaks following a storm event. In developed
watersheds, streamflows (shown in red) peak more quickly and the peaks are higher.

In the 1990s, increasing awareness of the relationship between development and changes to
stream hydrology led to the development of stormwater regulations and guidelines that attempted
to reduce the consequences of urbanization on aquatic resources. The following section describes
how stormwater regulations have changed over time in response to changing understanding of the
impacts of development on stormwater runoff.

5.0 Stormwater Management in Washington State and
Pierce County
In the U.S., water quality and the discharge of pollutants into waters of the United States are
regulated by the Environmental Protection Agency (EPA) under the Clean Water Act (CWA) of
1972 via the National Pollutant Discharge Elimination System (NPDES). Specifically, the
NPDES permit program regulates pollutants discharged through a point source to waters of the
United States. In 1973, EPA delegated authority to issue NPDES permits to the Washington
Department of Ecology (Ecology). In 1987, the CWA was changed so that certain types of
stormwater discharge were defined as a point source of pollution, and thus require a NPDES
permit.
Stormwater management in Washington State is primarily regulated by Ecology, although local
jurisdictions may implement their own stricter regulations. Ecology’s permit program implements
the requirements of EPA’s stormwater programs, which cover discharges to surface water, as well
as Washington’s waste discharge permit program, which covers discharges to groundwater. As
EPA rules change, Ecology’s permit requirements must be updated.
Ecology publishes stormwater management manuals, which are not law, but rather guidance on
how to meet permit requirements to control the quantity, quality, and timing of stormwater
discharges resulting from development projects. The first manual was published in 1992 for the
Farming in the Floodplain Project
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Puget Sound Basin (Ecology, 1992). In 2001, Ecology published a Stormwater Management
Manual for Western Washington, which was updated in 2005 and 2012. The 2012 manual was
amended in 2014 (Ecology, 2001, 2005, 2014).
In Pierce County, stormwater is managed by the Surface Water Management division (SWM).
Prior to 1997, Pierce County regulated stormwater through a series of ordinances and guidelines
for development that included standards and requirements for drainage (Pierce County 1984,
1986, 1991). In 1995, Pierce County received an NPDES permit for stormwater, the terms of
which required the County to adopt a stormwater management technical manual (PC Ordinance
96-46S2). Rather than adopt Ecology’s Manual, Pierce County developed its own comparable
manual in 1997, the Stormwater Management and Site Development Manual (Manual) (Pierce
County, 1997). Pierce County has revised the Manual several times; the current Manual was
adopted in December of 2015 (Pierce County 2005, 2008, 2012, 2015). The Manual offers
general guidance as well as specific requirements that must be met to comply with county permit
regulations.
Over time the requirements and guidelines for stormwater management have become increasingly
strict, especially the requirements for limiting the peak rate of runoff from a site. Starting in 1997,
the guidelines included conveyance and flow control standards that required stormwater systems
to regulate the peak runoff rate from a site. The requirements were intended to reduce peak
stormwater flows and delay when these peak flows reach streams to more closely mimic
predevelopment conditions. Starting in 2005, the guidelines included requirements that the
duration of stormwater discharge from a site match the duration modeled under predeveloped
conditions. The purpose of these increasingly stringent requirements for stormwater management
is to minimize the increase in erosion and peak streamflows caused by development.

6.0 Requirements for Redevelopment
Pierce County stormwater regulations apply to new development and also to redevelopment, but
there are exemptions. Minor development and redevelopment are not required to upgrade
stormwater systems if they are exempt from a site development permit. Pierce County Code
(PCC) 17A.10.070(C) lists the conditions under which a site development permit is not required.
Some of the exemptions are based on the size of the cumulative development or redevelopment
for each parcel of land. According to PCC 17A.10.070(C)(1)(h) exemptions include:
•
•
•
•
•
•
•

Land disturbing activity that does not exceed 7,000 square feet
The creation of less than 500 square feet of new impervious/hard surface
The creation of less than 500 square feet of replaced impervious/hard surface
The conversion of less than 0.75 acres of native vegetation to lawn
The conversion of less than 2.5 acres of native vegetation to pasture
Projects that cause a 0.10 cubic feet per second (cfs) increase in the 100-year discharge
flow
Grading of less than 50 cubic yards

To be exempt from a site development permit, minor new development and redevelopment
projects must also meet other requirements, including compliance with construction stormwater
requirements and restrictions on work in closed depressions and drainage courses, on steep
Farming in the Floodplain Project
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slopes, in critical areas and their associated buffers, and within County rights-of-way. Public and
private utility work outside of the County right-of-way that that creates less than 2,000 square feet
of new or replaced impervious/hard surface is also exempt from a site development permit.
Installation of a new storm drainage system requires a site development permit and compliance
with current stormwater standards.

7.0 History of Development in the Clear Creek Basin
The GIS exercise conducted for this technical memorandum evaluated the change in land cover in
the Clear Creek area over time. The exercise is based on parcel data that indicates when
development of a parcel occurred. A developed parcel is one on which some development,
including vegetation clearing and construction of impervious surfaces has occurred; it does not
imply that the entire parcel is impervious. Table 1 shows the percentages of parcels in the Clear
Creek Basin developed in each decade between 1900 and 2010. As the table indicates, over 60
percent of parcels currently developed in the subbasin were developed prior to the 1990s when
Pierce County adopted stormwater regulations that address peak flows and flow durations. The
most active decades for development in the subbasin were the 1960s (13.8 percent), 1970s (10.4
percent), and 1990s (11.9 percent).
Table 1. Progression of parcel development between 1900 and 2010
Decade of Parcel
Development

Percentage of
Total Parcels

No Date1
Prior to 1900
1900s
1910s
1920s
1930s
1940s
1950s
1960s
1970s
1980s
1990s
2000s
2010s
No structures on the
parcel

10.95%
0.03%
2.20%
2.27%
3.67%
4.38%
7.94%
9.77%
13.80%
10.43%
7.74%
11.95%
6.65%
2.06%

Dates of
Stormwater
Regulation
Updates

1984
1991, 1997
2005, 2008
2012, 2015

6.17%

1 The

date of development for some parcels is not included in the
assessor’s data.
Source: Pierce County Assessor data
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The graph in Figure 3 shows the steady increase in development between the 1940s and 1990s.
Only slightly over 6 percent of the parcels have not been developed. This number includes parks
and other open space areas and also privately owned parcels that have no structures built on them.

Figure 3. Cumulative percent of developed parcels over time
Figure 4 shows the year each parcel was developed in the Clear Creek Basin, grouped by the
stormwater standards in place at the time. The figure clearly shows that most parcels (shown in
light blue) were developed prior to 1991 before effective stormwater regulations were first put in
place. A limited amount of development occurred after 1997 when stormwater guidelines first
included conveyance and flow control standards that required stormwater systems to regulate the
peak runoff rate from a site. Even less development has occurred since 2005 when stormwater
regulations required that the duration of stormwater discharge from a site match the duration
modeled under predeveloped condition. As shown in the pie chart in the legend of Figure 4, 58
percent of the development occurred prior to 1991 while only 4 percent has occurred since 2005
when stormwater regulations started requiring that the duration of stormwater discharge from a
site match the duration of discharge modeled under predeveloped conditions.
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Figure 
Date of Parcel Development

Effect of Upstream Development on the Clear Creek Area

Figure 5 further illustrates the percent of development that occurred prior to enactment of
stormwater regulations aimed at matching the duration of discharge from a site to the duration
modeled under predeveloped conditions. Approximately 20 percent (1,807 acres) of the Clear
Creek Basin has been converted to impervious surface. Of the 1,807 acres of impervious surface
in the Clear Creek Basin, 1,454 or 80 percent were developed prior to 2006.
Figure 5. Percentage of Acreage Developed Before and After 2006

8.0 Findings
8.1

Effective Impervious Surface Area

Effective impervious area (EIA) is the portion of the total impervious area that flows directly to a
stream channel. The most recent calculation of EIA for the Clear Creek Basin was calculated in
2006 as part of the Clear/Clark’s Creek Basin Plan (Pierce County, 2006). At that time the EIA
for the entire Clear Creek Basin was 19 percent. Specific EIAs for each tributary basin were:
•

Swan Creek: 21 percent

•

Squally Creek: 11 percent

•

Canyon Creek: 21 percent

•

Clear Creek: 17 percent

It is not possible at this time to update the EIA calculation because of a lack of available
hydraulic data. However, it is likely that the EIA is somewhat higher now than in 2006 because of
recent development. The trend of increasing development and EIA likely means that peak flows
and erosion have increased in the Clear Creek Basin.

8.2

Ongoing Effects of Development

Figure 6 below shows the annual peak flows calculated from data recorded at the seasonal gage in
Swan Creek. As shown in the graph, there is no indication that peak flows have increased since
the gage was installed in 1989. As described in Section 7, the majority of development in the
Clear Creek area occurred before 1989, so data from the Swan Creek gage cannot tell how current
conditions differ from conditions before development occurred in the upstream areas. The data in
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the graph represent a small sample size and only include data for one of the four tributaries.
However, the data does not show an increasing trend in peak flows in recent years with ongoing
upstream development.
Figure 6. Swan Creek Annual Peak Flows

Swan Creek Annual Peak Flows (cfs)
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Source: USGS, 2017.

8.3

Conclusions and Relationship to Agricultural Viability

As described in Section 7 of this memorandum, the majority of development in the Clear Creek
Basin occurred before stormwater regulations were developed for Pierce County. The stricter
stormwater requirements implemented since the 1990s have likely reduced the impacts of more
recent development on runoff and peak flows. However, no studies have been conducted on the
effectiveness of the stormwater regulations in the Clear Creek Basin. Retrofits of older
stormwater facilities and installing regional detention facilities may be helpful in reducing
impacts from prior development, but a lot of redevelopment is exempt from meeting current
stormwater standards as discussed in Section 6.
It is likely that upstream development in the Clear Creek Basin that occurred before stormwater
regulations were in place has increased streamflows in the Clear Creek area, particularly peak
flows. With the stormwater regulations that are currently in place, it is unlikely that new
development is a major cause of increased in flooding in the Clear Creek area.
Other factors are the more likely causes of drainage and flood risk issues for Clear Creek area
farms. These factors include flooding from improperly operating tide gates at the mouth of Clear
Creek, changes in Puyallup River flooding conditions, and climate change. Historic lack of
drainage maintenance is likely the biggest cause of agricultural drainage problems in the Clear
Creek area.
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