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REDMOND URBAN WATERSHEDS INITIATIVE

ABOUT RUWI

The Redmond Urban Watersheds Initiative (RUWI) is a collaborative effort of the Washington
State Department of Ecology, United States Environmental Protection Agency, and the City of
Redmond to explore ways to reduce stormwater-related impacts to the City’s surface waters. For
this project, the RUWI team examined the relationships between land use and pollutant
generation associated with stormwater systems in Redmond. To do this, the RUWI team:
Summarized the history of stormwater management in Redmond.
Examined interrelationships among land use, impervious surface, and surface water
quality across Redmond watersheds.
Examined the relationship between Bellevue, Washington’s (an adjacent city) storm-
event water quality data (1988-1993) and watershed impervious surface levels.
Applied EPA’s water quality duration curve methodology to Redmond’s streamflow and
surface water quality data.
Explored relationships between several additional landscape-level, watershed land use
variables, and surface water quality.
Modeled alternative futures for Redmond’s land use and related them to future surface
water quality.

This report examines interrelationships among land use, impervious surface, and surface water
quality across Redmond watersheds. In addition, the report examines alternative models for
Redmond’s future land use and relates them to potential future surface water quality conditions.

The surface water quality data used in this report were provided by Scott McQuary, Joe Capis,
and Andy Rheaume, all of Redmond Public Works Natural Resources Division. The analyses
were performed and the report prepared by Tony Whiley, with the Water Quality Program in
Ecology’s Olympia Office. Keith Macdonald provided editorial input and Patty Estes arranged
for publication of this edition of the report through the City of Redmond Reprographics Center.

To find out more about the Redmond Urban Watersheds Initiative
Contact the City of Redmond, Public Works Natural Resources Division,
Mail Stop 2NPW, P.O. Box 97010, Redmond WA 98073-9710, or call (425) 556 — 2701, or
E-Mail us at nr@redmond.gov




Identical versions of this report (except for cover materials) are available from both the City of
Redmond and the Department of Ecology. The City of Redmond version (dated October 2008) is
available in both printed and electronic formats and has been bound to match the other five volumes
in the Redmond Urban Watersheds Initiative (RUWI) series.

The Ecology version is only available electronically and can be found on the Department of
Ecology’s website at: http://www.ecy.wa.gov/biblio/0910033.html

The full reference for the Ecology version of the report is:

Whiley, Anthony J., 2009. Land Use, Impervious Surface, and Water Quality: City of Redmond.
Publication no. 09-10-033. Water Quality Program, Washington State Department of Ecology,
Olympia, WA 98504-7710. 84pp.

For more information contact:

Tony Whiley

Washington State DOE
Water Quality Program

P. O. Box 47600

Olympia, WA 98504-7241

E-mail: twhi461@ecy.wa.qov
Phone: 360-407-7241

Washington State Department of Ecology — www.ecy.wa.gov/

Headquarters, Olympia 360-407-6000
Northwest Regional Office, Bellevue 425-649-7000
Southwest Regional Office, Olympia 360-407-6300
Central Regional Office, Yakima 509-575-2490
Eastern Regional Office, Spokane 509-329-3400

To ask Ecology about the availability of this report in a version for the visually impaired, call the
Water Quality Program at 360-407-6404. Persons with hearing loss, call 711 for Washington Relay
Service. Persons with speech disability, call 877-833-6341.
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Figure 8. Current range in the average impervious surface level within stormwater
catchments (numbered).
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Figure 9. Future estimated range in the average impervious surface level within storm water
catchments (numbered) at build-out.
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Figure 10. The area of the city represented by various ranges in impervious surface for
the current (2001) and estimated build-out conditions (based on catchment
averages).

Figure 11 presents ranges in estimated build levels for Redmond’s 92 stormwater
catchments. Overall, the city has an average build level of 68 percent, indicating a further
32 percent expansion is possible. The majority of that will occur at the outer margins of
the current city boundary where build-levels are lower. Evident from Figure 11 is that
Redmond is at an advanced stage of development, with a high proportion of the city having
build levels above 60 percent. This advancement is further indicated in Figure 12, where
the representation of build levels for the highest ranges are disproportionately represented,
or skewed, in relation to that of the lower ranges. Approximately 45 percent of the city is
at a build level above 70 percent.
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Figure 11. Current build-levels estimated for storm water catchments.
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Figure 12. The area of the city represented by various ranges in build level (based on storm
water catchment averages).

This analysis is carried further by examining the build levels for each zoning group. Table
1 provides a summary of this analysis, along with the area each zoning designation
represents within the city, and the impervious surface level expected at build-out.

Redmond is primarily a residentially-developed city. Land zoned for residential
development (high, moderate, low densities) occupies 63 percent of the city, while that
zoned for commercial/industrial development occupies 32 percent. In particular,
residential zoning levels at the low/moderate level (R3-6) encompass 45 percent of the
city. It also has a relatively high associated 90" percentile impervious surface level at 43
percent. Moderate and high density type residential development has estimated
impervious surface levels of about 50 percent, though they have a lower combined
representation within the city at 11 percent. As shown in Table 1, zones commercial (84
percent), neighborhood commercial (96 percent), and Overlake mixed-use (86 percent) are
currently at high build levels, indicating that they are close to a fully-developed condition.
In addition, higher build levels are associated with city center (77 percent), high density
residential (73 percent), design district (68 percent), and manufacturing-park type zoning
(71 percent).

On an area-weighted basis, the current city average impervious surface level is 34 percent,
though it is estimated, at build-out, to reach 50 percent, a 47 percent increase. The relative
contribution to these city-wide totals, by type of land use, is presented in Table 1 in the
columns titled current and future relative contributions to total impervious surface. The
last column provides the percent contribution to future impervious surface by zoning type.
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In evaluating these numbers, land use zone types at lower build-levels provide greater
opportunities for implementing measures to reduce future growth in impervious surface
levels than zones at current high build-levels. (It is less expensive to implement measures
to control storm water generation during the construction phase rather than as a retrofit.)
Currently, low/moderate density residential development contributes 12.3 percent to the
current 34 percent impervious surface level observed city-wide. This represents about 36
percent of the total. At the build-out condition, it is estimated that low/moderate density
residential development will contribute about 19.2 percent to the 50.3 percent total,
representing about 38 percent of the total.

Another way to look at implementation opportunities is to examine the percent of the total
future impervious surface attributed to each zone (Table 1, column “Percent Contribution
to Future Impervious Surface”), assuming a build-out condition is achieved. For instance,
manufacturing-park type zoning (MP, I) represents about 9 percent of the city, has a
current build-level of 71 percent, and an associated impervious surface level of 76 percent.
These characteristics result in it potentially contributing about 12 percent to future
increases in impervious surface levels should it be fully developed. In comparison, city
center (CC1-6), while having a high associated impervious surface level of 80 percent and
representing 6 percent of the city, contributes about 7 percent to future impervious surface
levels due to its current high build-level (77 percent).

In terms of commercial/industrial development, opportunities to reduce future impervious
surface levels exist for the manufacturing-park (MP, 1), moderate density residential (R8,
R12, R18), and business park (BP) zone designations. However, the most significant
opportunities to minimize future impervious surface levels are associated with
low/moderate density type residential development (R3-6). Assuming full development, it
will contribute about 43 percent of the estimated total increase in future impervious surface
levels. While low/moderate density residential zoning has a relatively high build level (64
percent), it occupies a substantial portion of the city (45 percent), resulting in its potential
of contributing 43 percent to the future growth in impervious surface levels (Figure 13).

Note on Using Table 1 — applying Business Park (BP) zoning

Each type of land use zoning has a characteristic impervious surface level. Ata
build-out, or a fully developed state, it is assumed that each of these respective
impervious surface levels would be uniformly represented throughout the city. For
instance, the impervious surface level associated with business park type zoning is
65 percent. If this zoning were fully developed, then wherever business park
zoning is delineated throughout the city, impervious surface would be found
uniformly at 65 percent.

The area column is the percent of the total city area represented by each land use
group. Redmond’s current (2007) boundary encompasses an area of 37.2 square
kilometers. Business park zoning is delineated within 5.57 percent or 2.1 km? of the
current city boundary.
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The current build-level is an estimate of the progression of development, by zoning
designation, toward the full build-out condition. For instance, business park zoning
has a current build level of 62 percent. This means that based on the level of
impervious surface expected at full build-out (65 percent), in relation to the current
average level throughout the city, a further 38 percent expansion can occur before
the business park zoning is fully developed throughout Redmond.

Table 1. Land use zoning, its representation and associated impervious surface levels
(current and future) within the city along with their relative contribution to current
and future impervious surface levels.

Zone Description Build-Out City Area’ Current Current Future Percent
(Zone Symbol) Percentile By Zone Build Level Relative Relative Contribution
Impervious | (% of Total) (%) Contribution to Contribution to to Future
Surface Total Impervious Total Impervious Impervious
Level Surface Surface Surface
(%) (% of Total) (% of Total) (% of Total)
Neighborhood Commercial 52 0.12 96 0.06 (0.2% 0.06 (0.1% 0.02
(NC)
Commercial 66 0.58 84 032 (1.0%) 038 (0.8%) 0.38
(GS)
(DDefj'ggDDg;““ 75 116 68 059  (1.7%) 0.87  (L.7%) 171
High Density Residential 51 461 73 172 (5.1% 235 (4.7% 3.90
(R20, R30)
Business Park 65 5.75 62 232 (6.8% 374 (7.4% 8.72
(BP)
City Center 80 6.01 77 370 (10.9%) 481 (9.6%) 6.79
(CC1-6)
?Jga'k?e”ea“o”’ Park 8 5.97 39 0.19  (0.6%) 0.48  (1.0%) 179
Moderate Density 0 o
Residential (R8, R12, R18) 54 6.61 54 193  (5.7%) 357 (7.1%) 10.08
Manufacturing Park 76 8.78 71 474 (14.0% 6.67 (13.3% 11.88
(MP, 1)
Overlake Mixed Use 72 9.18 86 568  (16.7%) 6.61  (13.2%) 5.68
(OV, RC)
'(‘ng "F‘{’E)‘*S'dem'a” Rural 23 6.58 29 044  (1.3%) 151 (3.0%) 6.60
Low/Moderate Density
Residential 43 44.66 64 1229  (36.2%) 1920  (38.2%) 42.45
(R3, R4, R5, R6)
Total == 100% == 33.97% 50.26% 100%

1) City area is 37.2 km?

A weighted-average impervious surface level for the city was determined for the
current and build-out conditions. The current impervious surface average was
determined, for each type of land use zoning, by multiplying its associated
impervious surface level by the area the zoning represents in the city and by the
current build-level. For instance, for business park zoning the associated
impervious surface level is 65 percent, its total delineation represents 5.57 percent
of the total city or 0.0557, and its current build-level is 62 percent or 0.62.
Business park zoning, therefore, has a relative contribution of 2.3 percent to the
city-wide average impervious surface level (65*0.0557*0.62=2.3 percent). The
addition of all 12 zoning groups represented in Table 1 results in a city weighted-
average sum of 33.97 percent. This is the current (2001) estimated city-wide
average impervious surface level.
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In a similar way, an estimate of the weighted-average impervious surface level
expected at build-out can be calculated. This is achieved by multiplying the
impervious surface level, associated with each zoning type, by its designated city
area. This calculation assumes the build-level is 100 percent. The relative
contribution to the city’s total impervious surface level attributed to business park
zoning expected at build-out is 65*0.0575 or 3.74 percent. The sum for all 12
groups results in an estimated future impervious surface level of 50.26 percent.
From the current average city impervious surface level, a 47 percent increase is
estimated once build-out is achieved.

Low / Moderate Density Residential

42.5
Manufacturing Park
Moderate Density Residential
Business Park

City Center

Large Lot Residential / Rural
Overlake Mixed Use

High Density Residential
Urban Recreational / Park
Design District

Commercial

Neighborhood Commercial

0 10 20 30 40 50

Percent Increase to Future Impervious Surface (%)

Figure 13. The relative contribution to future impervious surface growth, by land
use.

The percent contribution to future impervious surface, by type of zoning,
indicates the percent attributed to the increase in impervious surface from current to
full development. So this is an estimate of the relative contribution of each type of
zoning to the total estimated growth in impervious surface. Considering business
park zoning, the difference between the estimated future and current level
contribution to the city-wide total is 3.74 percent - 2.32 percent or 1.42 percent.
Considering the relative contribution of the other types of zoning, the overall
expected increase is 50.26 percent minus 33.97 percent or 16.29 percent. This is
the estimated growth level in impervious surface from the current city-wide
average once a build-out condition is achieved. Therefore, the increase in future
impervious surface levels attributed to business park zoning is 1.42/16.29 or .08717
(8.72 percent).
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Redmond’s surface waters at build-out

Changes to average impervious surface levels, associated with full development (build-
out), were examined for storm water catchments with perennial surface water drainage.

Forty-three of the 92 delineated catchments, representing 87 percent of the city, have
defined perennial surface water drainage. With the exception of the Sammamish River and
Bear Creek (and its lower tributary Evans Creek), there are approximately 59 kilometers of
surface drainage within the city. Storm water catchments with surface drainage currently
have a 28 percent average impervious surface level. This level will increase to 44 percent
at build-out. The build-out condition will result in an approximately 35 percent decline in
stream kilometers situated in catchments with impervious surface levels below 20 percent
when compared to the current condition (Table 2). That change is balanced by increases in
the higher impervious surface levels, in particular, those above 50 percent where an
increase of 32 percent is estimated.

Table 2. The current and future representation in impervious surface for Redmond’s
stormwater catchments with perennial drainage.

Current (2001) Full Development (build-out)
Percent Percent Change
Stream of Total Stream of Total in
Impervious | Number of Length Length Number of Length Length percent
Level (%) | Catchments (km) (%) Catchments (km) (%) (%)
0-10 9 5.73 9.8 0 0 0.0 -9.8
10-20 5 19.97 34.1 4 4.92 8.4 -25.7
20-30 6 8.72 14.9 2 4.09 7.0 -7.9
30-40 9 12.28 20.9 5 18.57 31.7 10.7
40-50 5 7.12 12.1 12 7.66 13.1 0.9
50-60 4 3.84 6.6 7 14,91 25.4 18.9
60-70 5 0.95 1.6 7 6.88 11.7 10.1
70-80 == == == 3 1.30 2.2 2.2
80-90 == == == 3 0.27 0.5 0.5

Current and future water quality

The city of Redmond has collected water quality data at 41 locations since 1995, targeting
the major surface water drainages within the city. The water quality data collected
includes flow; temperature; dissolved oxygen; conductivity; pH; turbidity; total suspended
solids; fecal coliform; total phosphorus; and total nitrogen. In many cases, the data do not
share the same sampling dates or a similar sampling frequency. For example, the sampling
frequency for some of the stations occurred quarterly while for others monthly. Also,
sampling was conducted on a routine basis and did not specifically target storm events.

Because of the differing sampling periods among the stations, this analysis did not attempt
to examine the water quality observed on a particular date or during a defined period.
Instead, it focused on providing an overall characterization of water quality among the
stations through the application of a water quality index, or score. The connection between
water quality and stormwater runoff was achieved by examining the relationship between
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the water quality score, generated for each monitoring station, and the average level of
impervious surface present in their respective catchments. Among the monitoring stations,
15 were chosen for analysis since they have at least 20 sampling events associated with
them (Figure 14).

As further described in the Methods section of this report, the water quality score serves as
a general indication of water quality based on the concentrations and levels of seven
parameters including temperature; dissolved oxygen; pH; turbidity; fecal coliform; total
phosphorus; and total nitrogen. These parameters were chosen because they were
collected consistently at these stations. Due to the environmental conditions present during
sampling and the way the score is calculated, it is more a reflection of the water quality
present at base-flow rather than storm events. The major assumption in this analysis is that
chronically impaired water quality, evident at base-flow conditions, is the result of impacts
associated with urbanization and increased impervious surface levels and, therefore,
stormwater runoff. Ideally, the water quality of these receiving waters during storm events
would have been used. Unfortunately, that data is not available (and rarely is), so this
analysis is an attempt to examine the impervious surface / water quality connection using
available information. (A separate analysis that examined the relationship between
impervious surface and receiving water quality observed during storm events in the city of
Bellevue was used to supplement this analysis. This report is titled: “Review of Storm
Event Water Quality Data: City of Bellevue.” Bellevue is situated adjacent to, and west of
Redmond.) (Tables summarizing the water quality data and water quality score generation
are presented in Appendix C.)

Table 3 provides the representation of current land use zoning in addition to estimates of
current and future (build-out) impervious surface levels associated with each of the
monitored catchments.

Among the monitoring stations, the current level of impervious surface within their
catchments varied between 11 percent (490080, Avondale @116™), to 42 percent (260,
Villa Marina). The median impervious level among the monitored catchments is 24
percent, rising to 43 percent at a build-out condition. The majority of the catchments have
the greatest development intensity levels in the low to moderate levels, consistent with
current zoning. Exceptions are Villa Marina (260) which, due to its land use zoning for
commercial development (the Overlake mixed use forms 73 percent of its area), could
result in impervious surface levels reaching 68 percent in the future. Catchment 30 (116"
Street Ditch) also has a high representation of business park zoning (35 percent), balanced
by urban recreation. Also, catchment 490140 (Perrigo) has a more equitable balance of
residential development levels in comparison to the other catchments.

Figure 15 presents the relationship between the water quality score and the average level of
impervious surface estimated for each of the monitored catchments. The general trend in
the relationship indicates that as impervious surface levels increase in the catchments, the
overall water quality, as indicated by the water quality score, declines. (Lower scores are
indicative of higher water quality.) A water quality score of O reflects median values for
the water quality parameters evaluated. The average level of impervious surface within the
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city of Redmond is 34 percent, 9 percent above the impervious level that results in a water
quality score of 0.

As observed in Figure 15, several locations had better water quality than expected, given
their level of impervious surface (enclosed within box). These stations include:
catchments 640 (Redmond 74), 90 (Peters Creek at 87™) and 320 (Idylwood Creek). To
examine why this is the case, these catchments and their receiving waters were further
examined.

The initial analysis examined the level of impervious surface as a catchment average. This
assumes that the distribution of impervious surface is relatively uniform across the
catchment. To examine whether this is a correct assumption, the level of impervious
surface within a closer proximity to the stream was determined. Initially, a 300-foot (91.4
meter) buffer was placed around each of the monitored streams. Then, the buffer was used
to clip the impervious surface grid. From this information, the average level of impervious
surface occurring within buffers, inclusive to each catchment, was determined.
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Back Cover Figure:

Schematic flow diagram showing the cumulative effects of urbanization on small streams in
Puget Sound Lowland. Diagram prepared by Keith Macdonald, peer reviewed by Christopher
May (1999).
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