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INTRODUCTION

At the request of the Friends of Beaver Lake, Community & Environmental Defense Services (CEDS)
conducted an analyss of the potentia effects of Beaver Lake Estates Phase |1 on the aguatic
environment. The purpose of this andysis was to determine if the project would have a sgnificant
adverse impact on the aguatic resources associated with the site if built with the mitigation measures
presented in the Mitigated Determination of Nonsignficance (MDNS) for Beaver Lake Estates
Phase Il (E97E0190), which was issued by the King County Department of Development &
Environmental Services (DDES) on April 21, 1999.

Beaver Lake Estates Phase |1 is proposed for a 34.7-acre Site. The applicant, The Trossachs
Group, has proposed developing the site as 42 townhomes and 58 detached single-family homes.

AQUATIC RESOURCE SETTING
The steislocated in the watershed of Beaver Lake and Patterson Creek.

Beaver Lake islocated 340 feet from the Beaver Lake EStates Phase Il Site. Beaver Lakeis
actualy two lakes. The Beaver Lake Management Plan documented that upper Beaver Lake has poor
water quality and the lower lake is of moderate quality based upon dgee levels! The plan identified
phosphorus as the nutrient limiting alga growth within both lakes. The plan aso noted that both Lakes
exhibit significant dissolved oxygen deficiencies which regtricts summertime fish populations to the upper
13 feet of the 50-foot deep lake.

Four wetlands are located on the site (Wetlands 1, 3, 17, and 18). Two of the four wetlands
have been inventoried by King County. Wetland 3 islisted as Patterson Creek #17 (PC-17) on the
inventory and Wetland 1 is listed as Patterson Creek 25 (PC-25).2 Two off-site wetlands are dso
potentially impacted by the project: Patterson Creek 18 (PC-18) and Patterson Creek 23 (PC-23).2
The off-site wetland PC-18 and the on-site wetland PC-17 (WL#3) both contain a sphagnum
component. PC-23 is dso known as Canyon Lake which is an impoundment formed by the Linddey
Dam.

A portion of the Beaver Lake Estates Phase Il Site drains to Petterson Creek via Canyon
Creek. According to the MDNS “ Patterson Creek congtitutes an important downstream fishery
resource and provides habitat for sdmon.” In fact, the Patterson Creek Basin Reconnaissance
Report* stated that the:

! Beaver Lake Management Plan, prepared by Entranco, November, 1993.

2 Wetland Determination, Impact Assessment, and Mitigation Measures for the Beaver
Lake Estates, Phase |1, by David Evans & Associates, September 3, 1997.

3 Exhibit 2 Drainage Basin Map.

4 Published by the King County Surface Water Management Division, dated February 1993.
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“ Patterson Creek basin isaregionally significant basin that supports some of the
best salmon habitat in western King County. Asa major tributary of the
Shoqualmie River, this basin contributes to the coho production of the
Shohomish/Shoqualmie River system. In recent years, thisriver system has
produced about one-third of the wild coho in the entire Puget Sound region.”

The Reconnai ssance Report also states that:

“ The Patterson Creek system provides habitat for coho (Oncorhynchus kisutch)
and chinook salmon (Oncorhynchus tschawytscha), and steelhead/rainbow (O.
mykiss) and cutthroat trout (O. clarki). Although the mainstem provides extensive
rearing habitat and some spawning areas, much of the fish production in this
system likely occursin the tributaries, including Canyon Creek (0382), tributary
0377, and the lowermost portions of the Ames Lake tributary (0376G).”

CUMULATIVE ADVERSE IMPACTSTO AQUATIC RESOURCES

A number of scientific investigations conducted in the Puget Sound area and €lsewhere in North
America have examined the cumulative effects of watershed development. These sudiesare
summarized in Table 1 and have consstently shown that as watershed devel opment increases, the
qudity of wetlands, streams, and lakes declines. Of the 23 studies presented in Table 1, five were
conducted in the Puget Sound area.

Many of these studies used percent impervious area to quantify the degree of watershed
development. Impervious areaincludes any surface that prevents precipitation from soaking into the
s0il and includes roads, buildings, sdewaks, parking lots, and so forth.

One of thefive loca studies, Quality indices for urbanization effects in Puget Sound
lowland streams (May et a. 1997) noted that:

“ Asthe level of basin development increased above 5% total impervious area (%
TIA), resultsindicated a precipitous initial declinein biological integrity aswell as
the physical habitat conditions (quantity and quality) necessary to support natural
biological diversity and complexity. The frequency, volume, and quality of large
woody debris (LWD) decreased significantly as basin devel opment and riparian
encroachment increased. Loss of LWD due to washout and removal, aswell asa
reduction in LWD recruitment due to loss of mature riparian forest areas, were
significant factors. As a result of the reduction in the quantity and quality of
LWD, along with the effects of a modified hydrologic regime, coho rearing
habitat was significantly reduced. Salmonid spawning habitat was also degraded
by the cumulative effects of urbanization. Fine sediment in spawning gravels
generally increased as urbanization increased, while intragravel dissolved oxygen



Table1l: Summary of Studies Concer ning the Effect of Water shed Development upon Aquatic Communities

macroinvertebrates

decreased.

Areaof Aquatic Parameters Studied Natur e of Effect of Increasing Water shed Development Reference
Sudy Systems
Studied
Connecticu | wetlands | aquatic insects and other | A declinein variousindicators of aquatic macroinvertebrate community health Hicksand Larson. 1997
t macroinvertebrates was observed in wetlands drai ning watersheds more than 3% impervious. The
degradation became significant in most wetlands at an i mperviousness of 8%-
9%. Thisdegradation was attributed to physical alterations of the wetlands,
sedimentation, nutrients, elevated water temperature, reduced night time
dissolved oxygen, elevated pH, and de-icing salts.
Ddaware streams | aquatic insectsand other | Dramatic drop in various indices of health of macroinvertebrate community Shaver et al. 1994
macroinvertebrates health which are combined into an index of Biologic Integrity
Georgia streams | aquatic insectsand other | Aswatershed development increased the number of macroinvertebrates species | Benkeet a. 1981
macroinvertebrates declined.
Maryland streams fish, aguatic insects and Fish community Species Diversity Indexand stream baseflow declines as Klein 1979
rivers other macroinvertebrates, | watershed imperviousnessincreases.
and stream baseflow
streams | aquatic insectsand other | Combined indexes of macroinvertebrate and fish community health showed Kazyak et a. 1992
macroinvertebrates and declind
fish
streams | aquatic insects and other | As percent urban land use increased indicators of macroinvertebrate community | Boward et a. 1995
macroinvertebrates health declined; increasing urban land use also correlated with decreasing
stream bank stability.
streams aguatic insects and other | Fish and macroinvertebrate diversity declined as watershed imperviousness Schueler and Galli, 1992
macroinvertebrates and increased.
fish
tidal fish Fish assemblages were less diversein tidal creeks with watersheds dominated Carmichadl et d. 1992
creeks by urban land uses when compared to forest and wetland dominated
watersheds; dissolved oxygen was lower in creeks draining urban watersheds
when compared to forest-wetland dominated watersheds.
tidal fish, macroinvertebrates, In general, the authors found that tidal tributaries draining more intensely Hartwell et al. 1995
rivers and plants devel oped watersheds exhibited greater toxicity to fish, benthic
macroinvertebrates, and plants. Toxic effects were greatest where devel oped
land uses occupied 25% to 36% of the watershed
Maryland tidal aguatic insects and other | Aswatershed urbanization increased the health of benthic communities Ranasinghe et al. 1994
and Virginia | rivers macroinvertebrates and declined; as the proportion of the watershed in forest increased, so did the
water quality condition of benthic communities.
Minnesota | streams aquatic insects and other | Aswatershed development increased, macroinvertebrate community diversity Richards and Host 1994




Tablel: Summary of Studies Concer ning the Effect of Water shed Dvelopment upon Aquatic Communities

fluctuations, and water
quality

watershed devel opment increased; significant increasein water-level
fluctuations; conductivity, suspended solids, and fecal coliform bacteriawere
higher in wetlands draining most devel oped watersheds.

Areaof Aquatic Parameters Studied Nature of Effect of Increasing Water shed Development Reference
Sudy Systems
Studied
New Jersey | wetlands | plants Aswatershed development increased indigenous plant species declined due to Ehrenfeld and Schneider
water quality changes and invasion by upland and exotic species. 1991
stream aguatic insects and other | Diversity and abundance declined dramatically as a stream flowed through a Garie and Mclntosh 1986
macroinvertebrates heavily devel oped area.
New York nontidal | fish, dissolved oxygen Alewife herring egg and larval densities decreased as the extent of watershed Limburg and Schmidt 1990
and tidal development increased; dissolved oxygen was more variablein streams draining
streams urbanized vs. undevel oped watersheds.
Ontario, streams | fish Index of macroinvertebrate community health declined as the degree of Steedman 1988
Canada watershed devel opment increased.
Virginia streams | aquatic insects and other | Aswatershed development increased pollution sensitive macroinvertebrates Jones and Clark 1987
macroinvertebrates became | ess abundant.
fish Comparisons of fish communitiesin astream over a 32-year period showed that Weaver and Garman 1994
watershed development resulted in asignificant declinein species diversity.
aguatic insects and other | Macroinvertebrate diversity s and algal species decrease as watershed Mangun 1988-89
macroinvertebrates and development increased.
algae
Washingto | streams | fish habitat Quality of fish habitat declines with increasing watershed devel opment. Booth and Jackson 1994
n
(state) streams fish, fish habitat, flood Aswatershed development increases indices of salmonid health decline, zinc Livingston et al. 1999
frequency, zinc, dissolved | concentrationsincrease, 2-Y ear peak discharge increases, and dissolved oxygen
oxygen decreases. Thisinvestigation also documented that stormwater management
measures, which were mostly ponds, did not significantly reduce the adverse
impacts of watershed devel opment.
streams fish habitat, fish, aquatic Aswatershed development increases indices of salmonid health declines, zinc May et a. 1997
insects and other concentrationsincrease, 2-year peak discharge increases, stream baseflow
macroinvertebrates decreases along with dissolved oxygen. Thisinvestigation also documented
that stormwater management measures, which were mostly ponds, did not
significantly reduce the adverse impacts of watershed development.
streams aquatic insects and other | Macroinvertebrate community in arural stream was twice as diverse when Pederson and Perkins 1986
macroinvertebrates compared to a stream draining an urbanized watershed.
wetlands | amphibians, water-level Significant decline in the number of amphibian species as the degree of Reinelt and Horner 1991
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(IGDO) also decreased during the period of salmonid embryo development.
Chemical constituents (primarily metals) of water quality during base flow
conditions, as well as storm events, were insufficient to have produced adverse
effectsin streams with low to moderate % TIA, but increased markedly in highly
urbanized basins (TIA>45%).

- Results suggest that resour ce management should place a high priority on
preservation and protection of high quality stream ecosystems (TIA <5%) that
currently support natural salmonid populations (coho and cutthroat). Mature,
riparian forests dominated by coniferous trees should be the long-term
management goal. A wide (>30 m) and near-continuous (<2 breaks’km) riparian
zone appears to be a necessary, although not a wholly sufficient condition for a
natural level of stream quality and biotic integrity. Restoring the natural
hydrologic regime should be a primary goal for rehabilitation and enhancement
efforts. A set of stream quality indices and instream habitat target conditions are
proposed for monitoring and managing PSL [Puget Sound Lowland] streams.”

Data presented in the Patterson Creek Flood Plain Management Sudy?® indicates that the
watershed is presently 2.9% impervious which iswell below the 5% TIA ggnificant impact threshold
cited above. At build-out the Patterson Creek watershed would be 7.5% impervious.®

According to a December, 1998 memo from Goldsmith & Associates®, 12% of the Patterson
Creek watershed is within the Urban Growth Area (UGA). A much larger portion of the Canyon
Creek watershed iswithin the UGA. So at build-out, the imperviousness of the Canyon Creek
watershed will be much higher than that of Patterson Creek. The Beaver Lake Estates Phase |l site will
be 50% to 55% impervious once development is completed.”

Adjoining properties (Beaver Lake Estates Phase |, Belvedere, High Country, and Trossachs)
have been developed at aleve of imperviousness gpproaching that of Beaver Lake Estates Phase 1.
The watershed of severd wetlands associated with Site is contained mostly within the site. The
imperviousness of the watershed of these wetlands could approach that of the Site itsalf - 50% to 55%.
Another Puget Sound study noted a decline in wetland quality at a watershed imperviousness above
4% (Reinelt and Horner 1991).

®> Prepared by the U.S. Soil Conservation Service, dated March 1994.

® Memo dated December 1, 1998, from the applicant’s consultant, Hugh G. Goldsmith &
Associates, entitled Impervious Surfaces within the Patterson Creek Basin.

" Thisfigure was obtained from item B.1.b. of the applicant’s Environmental Checklis.
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From the preceding discussion it is clear that Beaver Lake Estates Phase 11 in and of itsdf will
creste aleve of imperviousness sufficient to cause a sgnificant adverse impact to the aguatic resources
associaed with the ste. When combined with the effects of other smilar, anticipated devel opment
projectsin the watershed of Canyon Creek and Patterson Creek, the project will also cause a
sgnificant adverse impact to both of these streams.

Beaver Lake Edtates Phase 1 and other projects proposed for the watershed will be built with
various mitigation measures intended to reduce or €liminate the effects of impervious surfaces upon the
aquatic environment. A number of these measures are specified in the Mitigated Deter mination of
Nonsignficance (MDNS) for Beaver Lake Estates Phase I1. This brings us to the question which is
the focus of this report:

Will the mitigation measures presented in the MDNS off-set the effects of Beaver
Lake Estates |1 sufficiently to reduce the level of adverse environmental impact to
an insignificant level?

Severd recent Sudies provide a generic answer to this question. These studies show that the
messures routingy used to mitigate aguatic resource effects in King County do not resolve sgnificant
adverse impacts (Horner and May 1999; Livingston et d. 1999). These studies shows that mitigation
measures presently in use do not sgnificantly reduce adverse environmental.

Horner and May (1999) at 30 streams in the Puget Sound Lowland Ecoregion. Approximately
athird of the streams drained watersheds devel oped without stcormwater Best Management Practices
(BMPs) and the other two-thirds drained development with BMPs, which were mostly ponds of
various designs. For the more intensaly devel oped watersheds, the authors found that the BMPs did
not sgnificantly reduce the adverse impacts of development upon sdmonid populations. The same lack
of BMP effectiveness has been documented in studies conducted throughout the United States: Audtin,
Texas (Livingston et d. 1999); Delaware (Maxted and Shaver 1996); Montgomery County, Maryland
(Livingston et d. 1999); and Northern Virginia (Jones et d. 1996).

Horner and May did identify options for reducing aquatic resource impacts by improving the
way watershed development isregulated. Some of these options are caled for in the MDNS for
Beaver Lake Edtates Phase |l. But aswill be seen later in this report, substantial uncertainty surrounds
how effective these options will be. Infact, it isnot even clear if these options will actudly be applied
to the project. To understand why the MDNS measures may not mitigate project effectsit is necessary
to look at the specific impacts which cause the cumulative decline in aguatic resource qudity asa
watershed becomes increasingly more impervious.

SPECIFIC ADVERSE IMPACTS TO AQUATIC RESOURCES

The Patterson Creek Basin Reconnaissance Report identified a number specific impacts resulting
from development of the watershed. The MDNS for Beaver Lake Estates Phase || identified other
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impacts as did the five Puget Sound studies referenced in Table 1. Following isalisting of the specific
impacts.

» increased entry of sediment during the congtruction phase of development,

* lossof riparian vegetation,

* increased water temperature;

» adedlinein the amount of large woody debrisin stream channels,

» adedinein groundwater recharge with areduction in summer stream flows and inflow to
wetlands,

* anincreaein water leve fluctuations within wetlands;

* anincreasein floodwater flows and channel scour;

* adedinein dissolved oxygen,

* anincreasein nutrient inputs; and

» toxicity caused by the release of copper, lead, and zinc;

The analyss presented in this report focuses on the following specific impacts.

A. Effects of impervious surfaces on groundwater recharge and inflow to the sophagnum bog
wetlands associated with the Beaver Lake Estates Phase |1 Site.

B. Effects on increased phosphorus inputs to the sphagnum bog wetlands.
C. Effects of increased phosphorus inputs to Beaver Lake.

Following is discussion of the information which supports our conclusion thet each of these
issues will cause asgnificant adverse environmenta impact to the aquatic resources associated with the
gte.

I mpervious Surfaces, Diminished Groundwater Recharge, & Inflow to Sphagnum Bogs
Within afew days following a storm, surface runoff diminishes to the point where mogt of the water
entering awetland or stream channel is groundwater. Thiswater originates as precipitation faling upon
the surrounding watershed, which infiltrates into the soil, and travels through the earth to enter a wetland
or stream via a spring, a seep, or some other discharge point. This process is known as groundwater
recharge and discharge.

A number of studies have shown that as impervious areaincreases in awatershed, groundwater
recharge declines (Klein 1979; Hammer 1973; Simmons and Reynolds 1982; Watson et a. 1979;
Horner and May 1999; and Harbor 1994). Horner and May presented datain their sudy of Puget
Sound Lowland streams which showed that as watershed imperviousness increased winter baseflow in
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streams decreased. The Patterson Creek Basin Reconnaissance Report® cited a declinein summer
stream flows as one of the consegquences of further development of the watershed. In Geohydrology
and Ground-Water Quality of East King County, Washington® , the U.S. Geologica Survey cited
increases in impervious surfaces as one of the factors causing diminished groundwater recharge.

The sphagnum bog wetland on the site was inventoried as Patterson Creek-17 (PC-17) and is
aso identified as Wetland 3 and Wetland 17 on the applicant’s plans. This 2.87-acre wetland complex
congsts of acentral open water area (up to 3' degp) surrounded by vegetation adapted to boglike
conditions’® Wetland PC-17 formed in a depression in the till soil underlying the site. The depression
isfilled with up to 17 feet of peat. Outsde of PC-17 the low-permegbility till isoverlain by 2 to 15 feet
of higher permesability outwash soil (sandy-gravelly materid).

The water supporting PC-17 entersin two ways. 1) direct precipitation onto the wetland
surface, and 2) runoff from the surrounding watershed..*  Figure 1, which follows this page, shows
PC-17 asthe Wetland 3/17 complex. Thisfigure was derived from amap of the site presented in a
September 8, 1998 letter from Terra Associates to the applicant. Added to Figure 1 isabroken line
defining the surface runoff drainage basin for PC-17. Thisline follows the ridges and other high points
which separates the land surface draining to PC-17 from that draining to other aquatic resources.

While the area shown in Figure 1 would be that which would contribute surface runoff to the
wetland, the area contributing groundwater inflow is different. The soils on the site congst of highly
permegble glacid outwash overlying less permeable glacid till. When precipitation fdls upon the soil
surface it tends to infiltrate rapidly through outwash until thetill layer isreached. At that point the
infiltrated precipitation begins flowing laterdly aong the outwash-till contact (while a portion permesates
into thetill). So any area of the Site where the contact tilts towards PC-17 is a potentia source of
groundwater inflow to this wetland.

8 Published by the King County Surface Water Management Division, dated February 1993.

® Water Resources Investigations Report 94-4082, U.S. Geological Survey, Tacoma,
Washington.

10 Beaver Lake Water Quality Protection: Wetland Condition of East Lake Sammamish
21 and Patterson Creek 17, by Elissa Ogtergaard, King County Department of Natural Resources,
April 19, 1999.

11 Beaver Lake Water Quality Protection: Wetland Condition of East Lake Sammamish
21 and Patterson Creek 17, by Elissa Ostergaard, King County Department of Natural Resources,
April 19, 1999.
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Two documents prepared by Terra Associates were reviewed to determine what aress of the
gte might contribute groundwater to PC-17. These documents were:

* Exhibit 4, in the Environmentd Checkligt, Preliminary Geotechnical Report, Beaver
Lake Estates, Phase |1, prepared by Terra Associates, Inc., dated August 29, 1997.

» Letter from Terra Associates to Pacific Properties, dated September 9, 1998.

The test pit and monitoring well logs presented in both reports were reviewed to determine the
depth at which the outwash-till contact occurs. Next, the easternmost test pits were paired with the test
pits or monitoring wellsto the west. In this manner four sections were established. These sections are
shown in Figure 2. Findy, the land surface elevation and the devation of the outwash-till contact for
each section was graphed. These graphs are shown in Figure 3.

For three of the four sections, Figure 3 shows that the outwashtill contact tilts towards the west
and southwest in the direction of PC-17 and Beaver Lake. Itisonly the Test Pit-2 (TP-2) to TP-3(98)
to TP-3(91) section where thetilt isaway from PC-17. This data indicates that groundwater flows
from the northeast portion of the site towards PC-17 and Beaver Lake. This area of groundwater
contribution is shown in Figure 4.

The area of groundwater contribution shown in Figure 4 includes 8.7 acres of Sub-Basin CC-
6B. Thisisthe Sub-Basin in which the sngle-family detached home lots are located. This Sub-Basin
will be 53% impervious when Phase || is completed.’? Therefore the 8.7-acre area will contain 4.6-
acres of impervious surfaces.

The areaof contribution also includes 1.72 acres of Sub-Basin CC-4 located on the west Side
of the site along the proposed extension of S.E. 22" Street. The portion of this Sub-Basin within the
areaof groundwater contribution will consst of four sngle-family lots and 0.60 acres of road and
sdewak area. The gpplicant’s plans show that the homes proposed for dl four lots will be fitted with
measures to infiltrate roof runoff, so the effects of the impervious area created by the four roofs should
be diminated.®® Only the road impervious areawill affect recharge and groundwater inflow to PC-17.
So the exigting 1.72 acre area of contribution will become 34% impervious and will contain 0.58 acres
of impervious surfaces.

12 Based upon Appendix D of the gpplicant’s Level One Downstream Analysis, revised
September 1998.

13 Based upon Exhibit 3 - Proposed Overal Drainage Plan for Beaver Lake Estates, Phase I,
dated Preliminary September 10, 1998.
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Sub-Basin CC-5 contains townhouse lots 6-13 and 33-42. This Sub-Basin has an area of
2.18 acres and will become 50% impervious. Thus about 1.09 acres of impervious surface will be
created.

Combined, these three portions of the area of groundwater contribution to PC-17 will contain
6.27 acres of impervious area. The entire area of contribution is 16.92 acres. If Beaver Lake Estates
Phase Il is developed as proposed, then the area of PC-17 groundwater contribution will become 37%
impervious. The exigting impervious surfaces within the area are about one-acre in sze for an
imperviousness of 6%.

Covering such alarge portion of the area of groundwater contribution with impervious surfaces
will cause avery subgtantid reduction in inflow to the Patterson Creek-17 sphagnum bog. Thiswill
cause areduction in the open water areawith the bog which lead to a decline in the unique qudities of
this wetland.

The Mitigated Determination of Non-Sgnificance (MDNS) for Beaver Lake Estates
Phase Il contains severd requirements which could have the same off-setting effects on impervious
area as the four rooftop infiltration measures shown on the gpplicant’s plans.

These requirements are:

Requirement 3.B: Rain gardens or infiltration trenches shdl be usad to the extent
feasble to evaporate and/or infiltrate roof runoff. Rain gardens are basins or
depressions planted with trees or shrubs that tolerate very wet conditions, such as
willow, spirea, etc., and to which runoff water is directed before it is collected in the
regular engineered drainage system. If rain gardens are used, a planting plan shall be
submitted to DDES for review and approval, prior to engineering plan approvd. The
gpplicant shdl post abond to assure the ingalation of required plantings, and their
surviva for aperiod of three years.

Requirement 3.C : Porous pavement or other permesble surface materias shall be
used for dl patios, wakways and paved surfaces outside of the road right of way and
not intended for vehicular traffic within the Patterson Creek Basin. A note to this effect
shdl be placed on thefind plat and engineering plans. The find plat and engineering
plans shdl graphicaly show the portion of the subject plat to which this requirement
applies.

During review of the engineering plans, the gpplicant and King County shal determine
the feasibility of using porous pavement dternativesto traditiona concrete for roads,
driveways and sdewalks in the road right of way in the Patterson basin. If determined
appropriate by the County, porous pavement shal be utilized. In addition, minimum
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road widths alowable per King County Road Standards shdl be used to reduce the
amount of impervious surface in the badin.

Unfortunately, the gpplicant’s plans only show four rooftops which will benefit from requirement
3.B. Thelanguage of 3.B. includes the phrase “ to the extent feasible” which makesit very unclear
just how many roofs might benefit from this measure,

The language in the firgt part of Requirement 3.C. sounds very firm but the gpplicant’s plans do
not show any patios, walkways or other paved areas to be constructed of permeable materials.
Additiondly, the King County Department of Natura Resources determined that Petterson Creek-17
drainsto Beaver Lake except when water levels become very high in the wetland.** Requirement 3.C.
only applies to the portions of the project draining to Patterson Creek. So the extent to which this
requirement applies to the Site is uncertain since alarge part drains to Beaver Lake.

The language in the second part of Requirement 3.C. calls for building roads and driveways of
permeable materids, but only if thisis deemed feasible by a future review of engineering plans. The
likelihood of County road officids gpproving this measure is unknown and past experience indicates not
very good.

In summary, the project will cause a Sgnificant adverse impact to the environmentd qudity to
the Patterson Creek-17 sphagnum bog due the the loss of groundwater recharge and inflow. The
requirements set forth in the Mitigation Determination of Non-Sgnificance will not resolve these
impacts. Thus King County erred in making the threshold determination that the project would not
have a sgnificant adverse impact.

I ncreased Phosphor us I nputsto Patter son Creek-17 Sphagnum Bog

Sphagnum bogs, such as Peatterson Creek 17, are an infertile environment. Because these wetlands
recelve much of their water from precipitation faling directly on their surface and from groundwater
inflow from arather amdl forested watershed, nutrient inputs are usudly quite low. Theinfertility
resulting from low nutrient inputs makes bogs suitable only to plants specidly adapted to these
conditions. Anincreasein nutrient inputs will alow other vegetation to invade abog. These plants
may then out-compete the specidized species adapted to low fertility.

In Appendix E, of Chapter 14 - Wetlands & Stormwater Management Guidelines, of the
King County Water & Land Resources Divison publication Wetlands & Urbanization, atable
appears which shows that the concentration of the nutrient total phosphorus ranges from 5 to 50

14 See page 12, Beaver Lake Water Quality Protection: Wetland Condition of East Lake
Sammamish 21 and Patterson Creek 17, by Elissa Ostergaard, Water & Land Resources Divison,
King county Department of Natural Resources, April 19, 1999.
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micrograms per liter (Fg/l) in asphagnum bog. Thistable dso shows that in typical wetlands the total
phosphorus concentration range is ten times higher or 50 to 500 Fg/l.

The Beaver Lake Management Plan® states that runoff from forested areas has an average
total phosphorus concentration of 39 Fg/l, which is dightly above the mid-point presented in the King
County Wetland & Stormwater Management Guidelines for sphagnum bogs. The Beaver Lake Plan
aso gates that runoff from impervious surfaces has atota phosphorus concentration of 236 Fg/l. The
goplicant’s plans show that al but asmdl portion of the proposed impervious surfaces will discharge
away from Patterson Creek 17. However, substantia areas of lawn and other open space will be
located within the 16.92-acre area of the Site draining to Patterson Creek 17. Approximately a fourth
of the areawill become lawn or other open space area. The Beaver Lake Management Plan
presented an average total phosphorus concentration of 100 Fg/l for open space aress.

Much of the groundwater inflow to Patterson Creek 17 will originate as infiltration occurring on
open space areas once Beaver Lake Estates |1 is completed. Therefore, the total phosphorus
concentration in groundwater will rise from the 5-50 Fg/l range suitable for sohagnum bogs and extend
into the 50-500 Fg/l range of other, less nutrient-sengitive wetlands.

Inand of itsef, the increase in tota phosphorus inputs would have a Sgnificant adverse impact
to the environmental quality of the Petterson Creek 17 sphagnum bog. When combined with the | oss of
recharge and groundwater inflow, it is exceedingly unlikely this wetland will continue to support abog
community. In the next section of this report, which aso dedls with phosphorus, MDNS requirements
are reviewed which could reduce phosphorusinputs to PC-17. Aswill be seen, uncertainties
associated with these requirements make it highly questionable whether phosphorus inputs will be
reduced.

Increased Phosphorus I nputsto Beaver Lake

In the Beaver Lake Management Plan, King County presented their finding that the upper lakeis of
poor qudity and the main lake is of moderate qudity. For both portions of the lake, water quality
problems are aresult of excessive nutrient inputs which causes agae populations to proliferate. The
aga bloomsin turn lead to dissolved oxygen deficiencies, diminished fish populations, and other
conditions which reduce public enjoyment of this extremely valuable aguatic resource.

These conditions prompted the County to establish a non-degradation policy for Beaver
Lake. The principletool presented in the plan for implementing the non-degradation policy was acap
on total phosphorus loadingsto the lake. The cap was set at 146 kilograms of total phosphorus per
year (kglyr). When the plan was published in 1993 the loadings were estimated to be 142 kg/yr of

15 Published by King County Surface Water Management November 1993.
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total phosphorus. Thus future changes in the watershed of the lake could only add another 4 kg/yr of
total phosphorus.

No mention is made in the Mitigated Determination of Non-Sgnificance of phosphorus
contributions from Beaver Lake Estates |1 to Beaver Lake. It appears that the MDNS was drafted
with the assumption that the Ste would not drain to Beaver Lake. As shown above, under the
discussion of groundwater inflow to PC-17, the outwash+ill layer tilts towards Beaver Lake under
much of thedte. Thisarea certainly contributes groundwater to Beaver Lake.

Figure 5, which follows this page, shows the path of three profiles extending through the site
and into Beaver Lake. Figure 6 isaplot of the land surface eevation, the surface of Beaver Lake, and
the bottom of beaver Lake aong these three profiles. These profiles show that the Site is located & a
considerably higher elevation above the surface of Beaver Lake and the Lake bottom.

Even moreinformative isaplot of water table devations on the ste. Exhibit 4, inthe
Environmenta Checklist, Preliminary Geotechnical Report, Beaver Lake Estates, Phase I,
prepared by Terra Associates, Inc., dated August 29, 1997, contains data on water table elevations at
gx locations on the Ste. Four of these locations follow profile C-C' shown in Figure 5. Figure 7
shows aline running past these four locations, which are Monitoring Well 4 (MW-4), Test Pit 4 (TP-
4), TP-13, and MW-3 (closest to Beaver Lake).

Figure 8 provides a plot of the water table elevations measured at these four locations on three
dates. The highest water table elevation consistently occurred at TP-13, which islocated dong the
eastern perimeter of Patterson Creek 17. From TP-13 west to MW-3 the water table elevation drops
towards Beaver Lake. In other words, on these dates the direction of groundwater flow was towards
Beaver Lake. Had water level measurements been made in other areas where the outwash+till contact
tilts toward Beaver Lake, this same pattern would have been seen.

Clearly, groundwater from substantia portions of the Ste flows to Beaver Lake. Any
phosphorus contained within these groundwaters will also enter Beaver Lake. Under the section above
on phosphorus inputs to PC-17, it was Sated that the Beaver Lake Management Plan assumed that
groundwater originating in open space areas would be transporting phosphorus at a concentration 2.5
times higher than the natural, background concentration (39 Fg/l from forest vs. 100 Fg/l from open
goace). Therefore groundwater originating from these open space areawill result in sgnificant
quantities of phosphorus entering Beaver Lake from this project.

In Table 2, which follows this page, total phosphorus loadings to Beaver Lake are computed.
These loadings are based upon the assumptions presented above as applied to the 16.92-acre area
contributing groundwater to Beaver Lake. Table 2 shows that Beaver Lake Estates Phase 11 would
release 1.56 kilograms of total phosphorus per year to Beaver Lake.



\ /f '\—\- ______ 1. - !
ST T e s - - I' &
m - i [ 1]
/) T e o s
= :
i 2za, s
x Al H r e -
' 2 ¢ - T el i - /f'
. .y ~~3 T N
M W amia . JRY- -
- " g
- ) _ . -
- - .. o T - - L ——
/ . - - . et - . ;’,r “ | u’
y . ¥ - o . i A “ - " - _—
™. { - J"'/ " -
T : iy . = 5:%"_
L " / i 4
| b ' ||| ) w " ! ﬁ - -
L VAR Er T N I
: : .{I i :: H L] L] ]
: ! | o . . \'I. ' " E' = E - R
[ . | |I .| - s i :a f; " E L\_ “ » qJ |
£ SEaveg — AT B "
” i . | .
ol - (f- |‘ . " - | " .“ n it
mEE TR 1 X L
\II ", 11’! ﬂll' "
w ,fl J .
- I D WETLAND RATA -
’_‘-l--h.-., f
o ‘ éc : YR
& Pe
o "y N Vil Fre.
—f S
- / :
h! S r i
WE TLAMD [
! P T
Lo . 25 TR
5
f H
/ : r S E 23rd FL \ . .
. l [ 1 T RES TH S Y
o ]"J!F:‘ rull u.u--lhu l!ll o e |y L ‘\_
] . :
3 ", ! ey F=
- ! ) o
I T f cx___ .
i [ .:~ 1II \‘\ / '-'-—! ‘.
; . ATk e e W R =RCWi} ARGFITIES -w:l-.tliln
i Caggh € Gobienith & samsciatey, pe, |2 s [ oo ==
; BR it i - S T T OVERALL SITE ALAN |
£ LEK Lrmn Aneay A1 e 1
= Fi. l-%w: TR [ :“""'"" M"-_ BEAVER { AKE ESTATES 1l
i . LELy B AT Wl COLNTT WA B TOR
¢

Figure 7: Profiles




Profile A-A'

450

s
s
o

Elgyatigqn (Fget Ahove Sea
8 Sleph ¥ g

380 +

—&— Ground Surface
—O—Beaver Lake

. A
T

370

Distance i?\ Hundred Foolqncrement 10 12

Profile B-B'

440

N
£ 8 B
o (=]

y }

Elevation (Feet Above Sea
§eve

-—@— Ground Surface
—O—Beaver Lake

L i
T

6Distam:t-: inq-lundred Fo1oq Incremen!2 14 16

- 18

Profile C-C'

440

A

[#%]

o
)
+

rS
[x®]
o

Feet Above Sea
evelg

:4'60 T
2
T390 | —&— Ground Surface
>
m'..’ —O— Beaver Lake
380
370 + t + } ; }
0 6Dist::mce in%lundred Fokq Incremen?2 14 18

18

Figure 6: Profiles of Site & Beaver Lake




CanETEEerEs o

g

HON TH YT, RE

T
I -

fEwuE

ACAVTIT LEra

b Pagsaa

S er—— o e e e—d T

-
T T T LTEe s LI A e b o TRU L LN N B 5 i

e

-

J

».u..mu.w.-.._.:.n_ .m:.:.L.E_.....

- P

"sossesn v 04

~WETLAND.S |

-

Gy BMATH ERL Y, oG coeaTAr v i

L]

-

Figure7: Water Table Elevation Profile Path



425.00

1/24/92

420.00

415.00

410.00

Feet Abhove Sea Level

405.00
MW-3

TP-13

TP-4

MW-4

12/17/92

425.00

420.00

415.00

410.00

Feet Above Sea Level

405.00
MW-3

TP-13

MW-4

1/7/93

425.00

420.00

415.00

410.00

Feet Above Sea Level

405.00
MW-3

TP-13

TP-4

MW-4

Figure 8: Water Table Elevations

Ai



Table 2: Total Phosphorus Loadingsto Beaver Lake

Land Use Acres Annual Runoff Total Phogphorus Mitigation Total Phosphorus
Volumeto Concentration M easur e Removal Loading to
Beaver Lake! (Fg/l) Efficiency Beaver Lake
(acre-feet) (kilogramglyear)
Forest 2 3.52 4.43 39 0 0.21
Wetland 3 2.87 4.19 39 0 0.20
Open Space * 4.23 8.92 100 0 1.10
Townhouses Rooftops 0.14 0.46 236 67 0.04
(Lots 33-42) ®
Other Impervious Areas ® 6.16 0.00 236 0.00
Tota 16.92 1.56

1.. Runoff volume computed using KCRTS with the same assumptions presented in the gpplicant’s Level One Downstream Andysis (historical
Landsburg datawith a Regiona Rainfall Factor of 0.92, till soils).

2. Totd phosphorus concentration from forest of 39 Fg/l is based upon the Beaver Lake Management Plan.

3. Though the Beaver Lake Management Plan recommends atotal phosphorus concentration of 70 39 Fg/l for wetlands, 39 39 Fg/l
because the wetlands involved are infertile sphagnum bogs. Appendix E of Wetlands & Urbanization shows that sphagnum bogs have atotal
phosphorus concentration of 5-50 39 Fg/l.

4. Totd phosphorus concentration from open space of 100 Fg/l is based upon the Beaver Lake Management Plan.

5. Townhouse lots 33-42 are assumed to have an average roof area of 600 square feet. It is assumed these rooftops will drain to the detention
facility and infiltration trench shown on Exhibit 3. A total phosphorus concentration of 236 Fg/l is assumed based upon the Beaver Lake
Management Plan. A 67% tota phosphorus remova efficiency is assumed for the infiltration trench based upon National Pollutant
Removal Performance Database for Stormwater Best Management Practices, by Brown and Schueler, 1997, Center for Watershed
Protection, 8391 Main Street, Ellicott City, MD 21043. (410) 461-8323.

6. Itisassumed runoff from al other impervious areawill be diverted into the Patterson Creek watershed.
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If Beaver Lake Edtates |1 were the only other development project anticipated in the Beaver
L ake watershed and no other new sources of phosphorus input were foreseen, then the 1.56 kg/yr
addition would be wdl within the 4 kg/yr margin established in the Beaver Lake Management Plan.
But thisis not the case. There are anumber of other projects including Norris Estates on the opposite
Sde of Beaver Lake. Norris Estates alone would add 8.02 kg/yr of total phosphorus to Beaver
Lake.* An Environmental Impact Statement is presently being prepared for Norris Estates. ThisEIS
was ordered by Hearing Examiner Stafford Smith to address phosphorus inputs to Beaver Lake.
Combined, Beaver Lake Edtates |1 plus Norris Estates would exceed the 4 kg/yr margin by 150%.

Requirements are contained in the Mitigated Determination of Non-Sgnificance which could
reduce phosphorus releases from the project. These requirements are:

Requirement 3.A. All lawn and landscaped areas shdl be amended with 4 inches of
well-rotted compost. The compost shdl betilled into the native soil to a depth of 6to 8
inches. Compogt shal either comply with guiddines for compost quality on page 6-44
of the King County Surface Water Design Manua, September 1998 draft, or Ecology
guidelines for Grade A compost quality (publication 94-38).

In areas wheretilling is not feasible, a 6-inch layer of hog fud or shredded wood (not to
be confused with beauty bark) shall be gpplied on top of the ground surface. Slopes
with adope of 2:1 or greater must use biodegradable eroson control blankets (usualy
made from coconut fiber, wheat straw, jute, etc.,) with no more than 10% open surface
to secure the mulch layer. Where dopes are less than 2:1, and erosion control concerns
areminimd (e.g. ditches that do not receive flashy, seasond, and/or intermittent high
volume flows), the mulch layer, at aminimum, must be secured with jute matting with
1/4 inch mesh. However, erosion control blankets are preferred.

Specid condruction ingpection shdl be required prior to ingdlation of find landscaping
on any lot. A performance bond shdl be posted prior to issuance of a building permit to
ensure compliance with this condition. A note to the effect shal be placed on the find
plat.

There are severd concerns with thisrequirement. Firet, areview of the literature showslittle
information on the effectiveness of incorporating compost or other organic materidsinto soilsin terms
of phosphorusremovd. Thislack of data makesit is very difficult to determine the reduction in

16 qummation of Total Phosphorus Issue - Norris Estates/Beaver Lake and Effects of
Norris Estates upon Phosphorus Loadings to Beaver Lake, prepared by Richard D. Klein.
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phosphorus loads achieved with this practice. Second, it is unclear how long the benefits of the
compost-organic materia would last and how it would be replaced once it decomposes from private
lawns and other open space areas. Third, the incorporation of compost language is quaified by “where
tilling isfeasible’. Thisindicates uncertainty about just how much of the ste would benefit from this
practice.

Requirement 4.A: Except for roof runoff, runoff entering the bog by surface flow
shdl be treated with a trestment option from the sphagnum bog protection menu in the
September 1998 King County Surface Water Design Manual.

This requirement appears to apply to impervious surfaces other than rooftops. The applicant
has dready proposed diverting al impervious surface runoff (except for 10 townhouse rooftops) into
the Patterson Creek drainage. Table 2 reflects the benefits of this requirement by showing no
phosphorus loadings from impervious surfaces, other than the ten townhouses roofs.

Requirement 4.B: Roof runoff or runoff entering the bog viainterflow or infiltration
shdl be treated with a trestment option from the basic water quaity menu in the
September 1998 King County Surface Water Design Manud. If the cation exchange
cgpacity (CEC) of the soilsin the infiltration zone is less than 5 me/100mg, then a5%
(by volume) mix of peat and sand shdl be worked into the top two feet of soil. Sail
amendment shdl not be required if it is subsequently determined that only roof runoff
will enter the infiltration facility.

This requirement has been applied to the 10 townhouse rooftops presented in Table 2.

In closing, even with the mitigation measures presented in the MDNS, the project will cause a
sgnificant increase in phosphorus loads to Beaver Lake. The cumulative effect of phosphorus releases
from this project and othersin the Beaver Lake watershed will exceed the 4 kg/yr margin established
by the Beaver Lake Management Plan. Thiswill, in turn, result in afurther declinein the qudity of
Beaver Lake and aviolation of the non-degradation policy established by King County. This
condtitutes a Sgnificant adverse impact to the environmenta quality of Beaver Lake. Therefore, the
County erred in issuing the threshold determination that Sgnificant adverse impacts would not occur.
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